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Abstract Maintenance is one of the major requirements in automobiles for achieving their specified life span. It includes
replacing punctured tyres, which always has been a difficult task. Every automotive manufacturer provides tools such as
L-wrench and jack, but still, using these tools requires practice. Often, the car is provided with tyre wheel nuts remover and
jack for instant spare tyre replacement. Many passenger cars, SUV and heavy vehicle accessory manufacturers concentrate on
producing wheel nut puller using a single tool to loosen the nut one by one. The main problem they are facing is time
consumption and tediousness of work. Therefore, it is crucial to have a tool that should be designed ergonomically, easy to
handle, lightweight, requires small space, robust in nature and can perform a similar task in short time. This work is aimed at
the design and analysis of wheel nut removing tool for tightening and removing of four nuts in one stroke. Due to difficulty in
applying torque to remove nut and to save time, a tool having a planetary gear mechanism has been developed. In this work,
focus is on the minimization of human effort for of nuts of 200mm PCD wheel at a time. The main objective of work is to
develop a single tool, which can be used during assembling and disassembling of wheels in automobiles. It can be
successfully used as standard tool irrespective of the model of the vehicle. Also, it can be used in garages, workshops and

service stations.
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1. Introduction

The common problem associated with a four-wheeler is
replacing the punctured tyre with the spare tyre. This job is
relatively difficult for women and the elderly drivers as the
torque required to remove the wheel nuts is quite high. The
nuts should be retightened after successful replacement of
the punctured tyre. If the required torque is not applied in
tightening the nuts, the nuts will lose, and this will affect
the driver’s safety. Normally every car is provided with the
tyre replacement tools such as L-shaped nut remover and
jack supplied by the manufacturer. The tool used to remove
the wheel nuts should be ergonomically designed, easy to
handle and must consume a small space for storage. It
should also be able to tighten the wheel nuts. This work is
carried out to design a multi nut operating tool whose main
objective is to reduce the labour work in tightening or
loosening the nuts one by one. It also focuses on the
minimization of human effort and time consumed for fixing
all four nuts of the four-wheeler tyre with a single stroke of
lever by using multiple operated spanners. This is achieved
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by developing a planetary gear mechanism.

Mukhtar [1] designed and fabricated a 4 in 1 motorized
tyre nut puller for a car tyre with 100mm pitch circle
diameter. This tool can dismantle four nuts simultaneously
and power up by a car battery. With assistance in CAD,
CAM, CNC and Rapid prototyping, concurrent reduction of
time in part assembly and optimum time in finished product
was obtained. Several recommendations were given by the
author to improve this product in respect of use of polymer
material for creating the product casing. The bracket holder
diameter size should be made in adjustable type that can be
used in various types of cars that have different PCD and
have a stopper to stop the movement of the gear.

Rahman [2] developed nut removal with 114mm pitch
circle diameter to replace T-nut wrench that can reduce the
force and torque needed to open the 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 was 21.125. Bhanage [3] designed 5 in 1 nut remover
with Pitch Circle Diameter (PCD) 114.3 mm for 080M40
material for gear and pinion. For validation, finite element
simulation was performed for better optimized results. After
meeting the design to the required standards, the fabrication
of the tool was done. The results of the tests proved that the
wheel nut remover could efficiently remove all the nuts
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simultaneously. Time required for nut removal effectively
reduced up to 50% for pneumatic gun and up to 70% for L
wrench.

Kress [4] included the components such as multiple
individual socket assemblies, universal drive gear and
planet gears, Housing, Pneumatic wrench. It was observed
that universal gear had driven surface allowing to be driven
to remove lug nuts and pneumatic system for securing the
lug nut. The tool has the potential for greatly reducing the
time needed for a tyre change. Boston [5] included the
components such as multiple sockets, central gear, a lug
gear, outer ring gear, pneumatic system, dolly and a jack
system. It was observed that outer ring gear used provides
inward pressure to maintain the connection between the
teeth of the lug gear and central gear.

Shirley [6] included the components such as central
housing, radially directed housing legs and output shaft.
The bevel gears were used along with the housing legs. This
setup also showed some effectiveness in construction.
Palatnick [7] included the components such as nut receiving
socket, stabilizing sockets. The tool includes selectively
positioned non-rotating stabilizing sockets positioned to
engage other nuts while one is being loosen.

In the present work, CATIA software is used for the
design of multi nut operating tool and the analysis is carried
out using ANSYS workbench. The design is based on
standard Pitch Circle Diameter of 100mm which is
available in most of the car tyres. The assembly model
which is created in CATIA is imported to ANSYS. The
load condition and material properties are applied to the
imported model, meshing is done and is then solved to
obtain the results. The results are studied to check the
compatibility of the design. Equivalent (Von Misses) stress,
Equivalent elastic strain and Normal stress have been
obtained after the analysis. In this work, the design and
analysis using the two softwares has been restricted only for
gears as they are the core components of the multi nut
operating tool.

2. Gear Design

Multi-nut operating tool (Figure 1) is invented to reduce
the effort and time in replacing the wheels of the vehicles.
The plurality of lug nuts can be removed at one time without
the usage of an electric motor or any hydraulic and
pneumatic devices. The planetary shafts are arranged exactly
in the pitch circle position of the lug nuts. This method can
be used to remove any number of lug nuts but the design of
gear varies according to the certain parameters like number
of lug nuts, pitch circle diameter.

The fundamentals of law of gearing have to be followed in
designing the spur gears. The Fundamental law of gearing
states that, “For a pair of gear to transmit constant angular
velocity ratio, the tooth profiles of these mating gears must
be designed in such a way that the common normal (line n-n)
or the line of action passes through a fixed point, or also
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known as the pitch point, on the line of centres.

Figure 1. Multi-nut operating tool

2.1. Gear Design Calculations

For Sun Gear, Outer Diameter, dy = 60mm and Number of
Teeth, Z,= 26.

For Planetary Gear, Outer Diameter = 50mm and Number
of Teeth, Z, = 21.

The above values are chosen based on PCD of 100mm,
which was used for most of the vehicles having four-wheel
nuts.

The Torque required to rotate the central shaft is obtained
from related studies and this torque is then further
transmitted to other shafts.

An approximate Human force is assumed and applied to
the handle to rotate the central shaft.

Torque required to rotate central shaft = 120Nm

Average force which has to be applied on the handle by a
person = 500N

Length of handle = 500mm; Pressure angle = 20°

From the design data hand book [8] we have,

Gear Ratio = Zy/Z, = 26/21 =1.23

Module, m = dy/ Zy = 60/26 = 2.3mm

Face width, b =9.5m <b <12.5m = 25mm.

2.2. Material Properties

For gears, normally EN8 is the material used, which 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/mm?

Yield strength, Sy = 280 N/mm?

Young’s Modulus, E = 200000 N/mm?

Poisson’s Ratio, 1 =0.3

Brinell Hardness = 255BHN

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

o = Su/3 = 550/3 = 183.33 N/mm°.

2.3. Beam Strength and Effective Load

The beam strength, F, of both gear and pinion is given by,
Fb = l’anby (1)
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where, module, m = 2.3mm, face width, b = 25mm.

Permissible bending stress, ob = 183.33 N/mm?.

The beam strength, F, = 3162.4 N.

When same material is used for pinion and gear, pinion is
weaker than the gear during bending; hence it is necessary to
find out Effective load, Fe for calculating Factor of Safety.

The effective load, Fer= KiKnF/K, 2

where, K, = Overload Factor, K, = Load distribution factor,
K, = Velocity Factor and F; = Driving or Tangential load.

For moderate shock and precise gearing, K, = 1.25, for
face width up to 50 mm, K, = 1.2 and for fine hobbing
process, V =22 m/s.

Torque required for removal of 4 nuts is 480 Nm

If a pneumatic motor is selected of 200 rpm, N = 200rpm.

Therefore, Power, P = 2aNT/60 3)
P =10.051 kW
Tangential force, F; = P/V = 10.051 x 10%22 = 456.87 N
K, = 5.6/ (5.6+V°°) = 0.5441 (4)

Hence, Effective load, Fe = K,KnF/K, = 1259.52N
Available Factor of Safety (FOS) = Fy, /Fest (5)

FOS = 3162.4/1259.52 = 2.51> 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.

3. Modeling

3.1. Three Dimensional Modeling of Multi Nut Operating
Tool Using CATIA V5R21

Part is created in part design work bench. The path is:
Start > Mechanical design > part design. Graphical User
Interface of part design workbench is opened. Next step is to
create a 3D model of the part with available dimensions.
First step of a 3D model is to draw the 2D cross sectional
profile of the part in sketcher workbench in the software. Part
drawn in the sketcher workbench is then converted into a 3D
model by using 3D tools. The 3D models of the components
such as gear, shaft, ball bearing and the casing are shown in
the figures 2,3,4, and 5 (a), 5 (b) respectively.
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Figure 2. 3D model of the gear
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Figure 3. 3D model of the shaft
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Figure 4. 3D model of the ball bearing
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Figure 5(a). 3D model of the casing
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Figure 5(b). 3D model of the casing
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3.2. Assembly of Multi Nut Operating Tool Components

After completing 3D modeling of the components, one
needs to go to the assembly work bench. Path is: Start <
mechanical design < assembly design. The complete
assembled body of the multi nut operating tool is shown in
the figure 6 and exploded views are in from figure 7 and 8.
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Figure 6. Assembled model of multi nut operating tool
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Figure 7. Exploded view of the model
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Figure 8. Exploded view of the model

4. Results

The results of the analysis are generated in the form of
stress variation images. The highly stressed or deformed
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regions in a part are shown by red colored area and the
corresponding values are indicated as per the color variation
scale. Figures 9 to 16 show the results of the static structural
analysis using ANSYS Workbench. Figure 10 shows the
boundary conditions those are applied for the model. The
bearings are given the fixed condition and the torque of 120
Nm is given to the central shaft. Figure 11 indicates that the
maximum Equivalent (Von Mises) Stress value is
419.26MPa. Figure 12 indicates that the maximum
Equivalent elastic strain value is 0.0021mm. Figure 13
indicates that the maximum value of the normal stress is
100.86 MPa.

Figure 14 shows that the maximum value of the Normal
Elastic strain (X Axis) is 0.00047mm. Figures 15 and 16
show that the maximum value of shear stress and shear strain
are 34.759MPa and 0.000451mm respectively. The results
are tabulated in table 1.
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Figure 9. Meshed diagram of the model
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Figure 10. Boundary conditions



Journal of Mechanical Engineering and Automation 2017, 7(5): 139-144 143

000046198
000057899 Min

z
'\2 X X
000 100,00 (memi ¥ oo 10000 () v
50.00 £0.00
Figure 11. Equivalent (Von Mises) Stress Figure 14. Normal Elastic strain (X Axis)
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Figure 12. Equivalent elastic strain Figure 15. Shear stress (XY Plane)

52004
72.125 Min

000029621
0.00038972 Min

e

\:4
0.00 100.00 (rarn) 0.00 100.00 (rarm)
[ |
50.00 50.00

Figure 13. Normal Stress (X Axis) Figure 16. Shear Elastic Strain (XY Plane)
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Table 1. Tabulation of results

Sl. No. Parameter Max. Value
1. Equivalent (Von Mises) Stress 419.26MPa
2. Equivalent elastic strain 0.0021mm.
3. Normal Stress 100.86 MPa.
4, Normal Elastic strain 0.00047mm.
5. Shear stress 34.759MPa.
6. Shear Elastic Strain 0.000451mm

5. Conclusions

In this work, the design and analysis of multi nut operating
tool is done by using advanced softwares such as CATIA and
ANSYS. The analysed results are very close to the
theoretical values and the design of gears is found to be safe.
For better optimized results finite element simulation can be
performed. As the design is safe, product assembly may be
manufactured and tested.
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