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 All Nut Remover in Automobile Vehicle in Single Setting (6 Nut in 1) 
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Abstract— Car is not a symbol of luxurious anymore. It is a 

need for every family. People need car due to several reasons. 

Some of them are, to get to a destination, to travel 

conveniently, to do daily job and to move things to a greater 

distance. The problem occurs the most during car operation 

is the problem with tire puncture. The flat tire needed to be 

replaced with spare tire. Therefore, drivers need to know 

basic knowledge of tire replacement procedure if such 

problem occurs. In order to change the flat tire, one requires 

minimal skills. Virtually every car has a tire replacement 

tools such as the L-shaped nut remover and jack supplied by 

the manufacturer. The tool used to remove the wheel nuts 

should be designed for ergonomic, easy to handle and 

requires small space for storage. The tool is also function as 

wheel nuts tightened. It is difficult for women and the elderly 

drivers due to high required torque to remove the wheel nuts. 

In addition, if the nuts are successfully removed, the problem 

to retighten the nuts will follow. If the required torque is not 

applied in tightening the nuts, the nuts will lose, and this will 

jeopardize the driver’s safety. Impact wrench used to remove 

wheel nuts is also consuming time in automotive maintenance 

industry. For these reasons, to avoid time wasting and a lot of 

energy used to change the tire, a special tool is designed and 

fabricated to allow driver or mechanic to remove four wheel 

nuts at once with little energy consumption.it is development 

and simulation work on six nuts wheel remover for 

automotive like Chevrolet Taveras, Land cruiser, Fortune, 

Parejo etc.        
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I. INTRODUCTION 

Today’s world is of the fast and rapid process. Everybody 

wants to save time and effort by inventing some newer 

technique or mechanism and implement them in the daily life. 

The main objective of this project is to atomize the labor work 

in tightening or losing the nuts one by one. This project 

focuses on the minimization of human effort and time 

consumed for fixing all four nuts of the four wheeler tire with 

a single stroke of lever by using multiple operated spanner. 

This is achieved by developing a planetary gear mechanism 

as such ours which reduced the time and effort for the above 

mentioned task that is losing or tighten the nut of the car 

wheel. 

Design of four-wheel nut remover is available. But 

with slight modification a five-wheel nut remover will be 

produced using computer based approach of design and 

manufacturing. Most focus has been given designing the 

product using CATIA V5 R20 and analysing it in ANSYS 

R15.0 workbench. We have basically used CATIA software 

to model our project. While designing it is taken into 

consideration that the tool is economical. Though 

technological advancement has made it possible to fit the tyre 

using air gun with high torque. Yet it is not handy. Using the 

air gun, it is possible to remove one nut at a time. The 

problems faced are longer time consumption and increased 

labour work. Therefore, it is crucial to have a tool that can 

remove all nuts in a single attempt. For these reasons, to avoid 

time wasting and a lot of energy used to change the tyre, a 

special tool is designed and fabricated to allow driver or 

mechanic to remove all nuts of wheel at once with little 

energy consumption. In previous design of 5 in 1 nut remover 

into 6 in 1 nut remover. This tool is expected to remove 6 nuts 

at a time with less torque and improved efficiency as 

compared to the previous design. The purpose of the design 

is to develop a tool which facilitates easy removal, easy 

storage, easy handling with minimum time consumption. The 

tool is also function as wheel nuts tighter. 

 The objective of the project is to create a 6 in 1 nut 

remover with 139.7 mm PCD with assistance of CAD, CAM 

and CNC. It will help the car owner to overcome the difficulty 

of tire replacement. All the cars having 139.7 mm PCD can 

use this tool. So, with a 2:1 ratio on its input/output rotation, 

it will at least reduce the torque three timeless theoretically. 

The epicyclical gearing used is suitable in having such a 

compact design. The prototype built will be used in trial to 

show its compatibility in all sizes of cars rim. 

            Aziza Rahman [2006]. developed nut removal with 

114 pitch circle diameter to replace T-nut wrench that can 

reduce the force and torque needed to open the nuts and open 

all four nuts simultaneously. This tool can open four nuts in 

one time and the force of utilization has been reduced. This 

tool used mild steel as the main material to fabricate a gearing 

system and the gear ratio is 21.125. Mohr Zaman Abdullah, 

Nurfarahin [2013] designed a remover with 100 pitch circle 

diameter to replace L-shaped nut removers and jack which 

allows driver to remove all nuts at once with less energy 

consumption and save time several static load analyses were 

performed in order to find safety factor of design. Torque 

applied was reduced by 33%. The reduction in time taken is 

53%, the fabrication of all wheel nut remover tool was 

completed by milling, welding and fitting process. 

M.Mukhtar [2014] design and fabrication of four in one (4 in 

1) motorized tire nut puller for a car with 100 pitch circle 

diameter. This tool can dismantle four nuts simultaneously 

and power up by a car battery. With assistance in CADS, 

CAM, CNC and Rapid prototyping concurrently reduction of 

time in part assembly and optimum time in finished product 

was obtained. Amol Bhanage and group of students as Suraj 

Bedase, Keval Devare, Komak Dixit and Versharani has 

developed model for all wheel (5 in 1) nut removal model for 

automobile having 114.3 mm PCD of Ranault Duster. In 

order to facilitate easy removal of tire a simple tool with pitch 

circle diameter (PCD) of 114.3mm has been designed. 3D 

modeling of the product in CATIA V5R20 helps to design the 

product. The aim of the project is to design and developed 

five in one (5 in 1) motorized nut remover, the tool will help 

to remove all the 5 nuts simultaneously also the time required 

for removing nuts will be reduced. 
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II. SPECIFICATION OF CAR WHEEL  

In India, there are many vehicles on the road. From the 

project, a tyre nut removal for 139.7 mm PCD has been 

design and has chosen Toyota Fortuner as the tester. Here is 

some information about Toyota Fortuner. Toyota Fortuner 

has 6 nuts with 139.7 mm pitch circle diameter. Such example 

that Chevrolet Tavera, Land cruser, Fortuner, Pajero etc. 

 
Fig. 1: Toyota Fortuner Wheel 

III. DESIGN METHODOLOGY  

The calculations for the individual component parameters 

were performed using the standard design equations. Factor 

of Safety (FOS) of the design was checked and later the 

product was modelled using ANSYS R15.0 

A. Design of Gear and Pinion: 

The product was to be designed for 139.7 PCD, so the centre 

distance between gears had to be 69.85 mm. The torque 

required for removal of one nut is 120 N-m. Spur gears were 

selected due to ease in design and manufacturing. Apart from 

this, the velocity ratio in spur gear is constant. Keeping the 

above factors in mind and selecting 080M40 for Gear and 

pinion, design calculations were performed and the values 

obtained were as follows.  

Initially consider,  

Pitch Circle Diameter of Gear D = 90 mm 

Pitch Circle Diameter of Pinion d = 54 mm  

Pressure Angle Φ =20˚ 

Gear Ratio G = 1.67 

By using G, Z g =G ×Z p 

Zp = 18 and Zg = 30 are selected from the Lewis form factor 

table.  

Module m = 3 mm  

Face width b = 30 mm  

B. Properties of the Material - EN8 Carbon Steel: 

EN8 is an unalloyed medium carbon steel grade with 

reasonable tensile strength. It is widely used for applications 

which require better properties than mild steel but does not 

justify the costs of an alloy steel. Ultimate tensile strength SU 

= 550 N/mm2  

Yield strength SY = 280 N/mm2 

Young’s Modules E = 200000 N/mm2  

Poisson’s Ratio ν = 0.3  

Brinell hardness = 255 HB  

Permissible bending stress is same for both gear and 

pinion as the material used is same. Now, for both gear and 

pinion, 

бb= (1/3) Sut=183.33 N/mm2 

C. Beam Strength: 

The beam strength of both gear and pinion is given by, 

fb= m × b × бb× y= 3 × 30 × 183.33 × 0.3016= 4975.4952 N 

When pinion and gear are made up of same material 

then at that time pinion is weaker than gear in bending, so we 

have to find out Feff for calculating factor of safety. 

D. Effective load: 

The effective load must be calculated for precise estimation. 

Feff= (Ka×Km×Ft) / Kv 

For moderate shock and precise gearing Ki=1.25 

For face width up to 50 mm Km=1.2 

For fine hobbling process, V= 22m/s 

Torque required for removal of 6 nuts is 720 N-m, 

N=200rpm (Since, Pneumatic motor with rpm 200 is used)   

Therefore, 

P=10 ×10^3 W  

Ft= P/V=10×10^3 /22=454.54 tangential force  

Kv=5.6/(5.6+√V) = 0.5441  

Feff= (Ka×Km×Ft) / Kv  

= (1.251.2454.54) / 0.5441  

= 1253.096 N 

E. Calculation for Available Factor of Safety (FOS): 

Fb= FOS×Feff   

4975.4952 = FOS×1253.096  

FOS = 3 FOS = 3 > 1.5 

As the Available FOS of Gear pair is higher than that 

of required factor of safety, the design of gear pair is safe. The 

final gear and pinion parameters are tabulated below. 

Parameters Gear Pinion 

Teeth 34 17 

PCD(MM) 93.7 46 

Module (mm) 3 3 

Addendum (mm) 3 3 

Dedendum (mm) 3.75 3.75 

Tooth Thickness (mm) 4.712 4.712 

Table 1: Final Design Parameters 

F. Design of Shaft: 

In actual practices, the shafts are subjected to shock and 

fatigue loading. Hence, in the design of shaft, the shock and 

fatigue is accounted by using the factors known as combined 

shock and fatigue factor. After performing the standard 

design calculations for design of shaft as prescribed in, the 

material selected is EN8 Carbon Steel and the final 

dimensions are, Diameter of input Gear Shaft D = 10.076 

mm. A diameter of 20 mm was selected for the provision of 

lug at the input end of the Gear Shaft. Diameter of output 

Pinion shaft d = 6.43 mm. A diameter of 12 mm was selected 

so that the square head for the mounting the lug can be made. 

G. Design of Casing: 

The product casing is used to cover the entire assembly. All 

the gears are mounted within the casing. The casing was 

designed according to the standard design procedure 

mentioned in and the final casing parameters are listed below.  

Actual periphery of the assembly = 153 mm  

Diameter of cover plate = 193 mm  

Cover thickness (SC) = 4 mm  

Base thickness = 10 mm  

Bolt Diameter (db.) ≈ 6 mm  
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Therefore, M6 bolt was selected. Bolt spacing is 72° 

around the periphery. Finally, the 3D model of the casing has 

been designed using ANSYS R15.0 according to the above 

dimensions. 

IV. PRODUCT ASSEMBLY  

All the gears were assembled together within the assembly 

design workbench of ANSYS R15.0. Driver gears were 

mounted in between on the shaft and rest of the six gears were 

mounted encircling it so as to form a sun and planetary gear 

system. Exploded as well as assembled were captured. 

Simulation was done within DMU kinematics workbench so 

as to check the tooth engagement efficiency. 

 
Fig. 2: FE Meshing of All Wheel Nut Remover 

Meshing is the process in which geometry is 

spatially discredited into elements and nodes. This mesh 

along with material properties is used to mathematically 

represent the stiffness and mass distribution of your structure. 

Model is automatically meshed at solve time. The default 

element size is determined based on a number of factors 

including the overall model size, the proximity of other 

topologies, body curvature, and the complexity of the feature. 

If necessary, the fineness of the mesh is adjusted up to four 

times (eight times for an assembly) to achieve a successful 

mesh. 

 
Fig. 3: Body-Ground Revolute Joint to Pinion Shaft 

A contact condition in the application that is defined 

by a junction where bodies are joined together that has 

rotational and translational degrees of freedom. Body-

Ground Revolute joints is assigned to pinion and gear shaft 

 
Fig. 4: Total Deformation of All Wheel Nut Remover 

Physical deformations can be calculated on and 

inside a part or an assembly. Fixed supports prevent 

deformation; locations without a fixed support usually 

experience deformation relative to the original location. 

Deformations are calculated relative to the part or assembly 

world coordinate system. 

V. REQUIRED COMPONENTS 

Manufacturing of the all-wheel nut remover assembly 

involves the following components:  

1) Gears and Pinion [EN08 Carbon Steel] 

2) Shaft  

3) Casing [mild steel] 

 
Fig. 5: Casing Plate 

4) Standard Sockets available in Market 

VI. ASSEMBLY OF ALL COMPONENTS  

The manufactured components are collected together for 

assembly. The assembly is assembled in following way:  

1) First the base plate of casing is placed on circular ring.  

2) Then gear as well as Pinion is fixed with keys on 

corresponding shaft.  

3) The prepared assembly in above step is placed on base 

plate in such a way that the assembly of gear shaft come 

out through hole bored on base plate. Also the small ends 

of pinion shaft are placed in respective six bored hole.  

4) The grease and oil is applied to all assemble components.  

5) Cover plate is properly placed on base plate to enclose 

the above assembly.  

6) The hole assembly is the fixed by tightening the screw 

with the help of LN keys.  
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Fig. 6: All Components of 6 in 1 Nut Remover 

 
Fig. 7: Actual Setup of 6 Nut Removal 

VII. RESULTS AND DISCUSSION 

For Trial 1: 

As the considering our aim to remove all six nut 

within least time as possible, firstly we performed manual 

operation by removing six nut of our model  

by L wrench one by one. Time required for removing all six 

nut removal is recorded. 

For Trial 2: 

By using our six nut remover we actually performed 

the test with setup. The time required for this trial is recorded. 

As No. of teeth’s considered on gear are 34 and on planets are 

17 so almost it reduced 50% of efforts to make one rotation, 

if central gear performs s 2 rotations other 6 planetary will 

perform 4 rotations hence 50%-time input will take effect 

compared to previous one pair and time is recorded for same 

trial. In the second trail we used our 6 in 1 remover assembly 

for same model and time required also recorded. 

VIII. CONCLUSIONS 

In this paper shows that, the multi nut remover is used to 

remove multiple nuts in a single use. These are used to 

remove the wheel nuts and hence the mechanical effort 

required for removing the wheel is very less. 

The Multi nut remover can be used in automobile 

units and manufacturing units. The weight of the model can 

be reduced by using a light weight material base plate. The 

wheel nuts can be easily removed using the multi nut 

remover. 

FUTURE SCOPE 

1) The project has been fabricated which is purely 

mechanical. All the operations are done manually. To 

further extend our project as a useful tool, a motor has to 

be attached to its drive. 

2) Improvement in the system by making automatic 

operation with the help of pneumatic system which is 

clean and hazardous free. 

3) To design and fabricate the complete assembly of the 

multiple operated spanner to be fitted to all vehicle 

wheels by adjusting pitch circle diameter by making 

pinion gear small or large as per wheel’s pitch circle 

diameter. 

4) By replacing the motor with different gear arrangements 

in such manner so that it can be operated manually by 

hand lever with less power requirement. The weight of 

the model can be reduced by using a light weight material 

of base plate. 

5) It is also suggested to operate it with different gear 

arrangements with less power required. 
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