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Abstract— The conversion of a human process to the 

automation plays an important role on the product as well as 

the growth of the company. Our project is one of the example 

for the automation of an industry. The low-cost automation 

for industrial paint booth is the project that we have done to 

reduce the labour cost of painting process in the industry. As 

we all know that the painting process is very harmful to every 

living being. So, we have planned to convert the industrial 

paint booth in Rane (Madras) into an automated painting with 

low cost. In this project, we are using some simple 

mechanism and PLC control to complete the painting process. 

The reason for the word low cost is that the overall setup price 

is very lower than industrial arm robot with 2-axis. There is 

one pivoted mechanism as used to paint the top and bottom 

side of the product. The spray gun is fixed at the pivoted plate 

and the overall control of the servomotor as well as the paint 

gun is controlled by the PLC timer control. The sensors are 

engaged for giving input to the PLC and accordance with the 

given input only the servo motors and the spray gun are 

working. 
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I. INTRODUCTION 

Rane (Madras) Ltd is a part of the Rane Group of Companies 

involved in the manufacture and distribution of steering and 

suspension systems. The main components manufactured by 

the company include Manual Steering Gear Products (SGP) 

and Suspension & Steering Linkage Products (SSLP). The 

other products include tie rod assemblies, drag link 

assemblies, centre link assemblies and gear shift ball joints. 

The design and working of an autonomous wall 

painting robot. The conceptual design of a movable painting 

robot to be used for painting interior walls of residential 

building had been described. The robot uses roller fed with 

liquid paint and keeps contact with the wall surface. The robot 

enables the roller to scan vertically as well as horizontally to 

the painted walls. The robot can manoeuvre to adjust itself in 

front of the wall [1]. 

The basic information about small and medium scale 

industries manufacturing components have to paint for 

protecting from rusting so the spray application consumes 

maximum time and paint which required the skilled worker 

emerged with the application. They cannot manage robotic 

arrangement for higher efficiency so the rise of the such 

process have to be made which is affordable, gives better 

accuracy, consumes minimum time for coating so objective 

has to developed such mechanism which coat the object with 

the dipping technique having semi-automatic arrangement 

which is suitable for our requirement and which can be 

valuable for small and medium scale industries [2]. 

The automatic paint the wall surface of given 

dimension has been designed and implemented in effective 

manner. The approach uses Infrared transmitter and Infrared 

receiver to identify the appearance of wall. The 

microcontroller unit to regulate the movement of the DC 

motor. The robot wipes out the hazards caused due to the 

painting chemicals to the human painters and also the nature 

of painting techniques that require imitated work and hand 

rising makes it dull, time consuming. The robot is cost 

effective, reduces work force for labours, and reduces time 

consumption. The drawback of the project is that the robot 

continues painting later the end of the wall so it can be 

eliminated by adding some indicating objects such as alarms 

[3]. 

The automated painting can be not only aimed at 

correcting productivity, but also quality checking. A robot 

arm with high precision is required. An automated system to 

convert the normalized coordinates of the liquid colours to be 

reproduced into the movement speed of the robot end tool and 

valve opening end of the mixing board. Most of the work will 

be probably necessary to achieve high resolution. Because of 

the shape of full scale robots, probably also the resolution of 

the human scale robot will be lower. Another particularity of 

the small scale arrangement is of course the ability to access 

some hard places of buildings under construction, where 

human range robots could not be allowed [4]. 

The construction of Wall-Surface Operation Robot 

plan to automate and increase the efficiency a series of 

restoration works by adding, changing of an attachment, new 

task for cleaning. Tile separation sensing and repair work to 

the initial functions of picture painting in a single and 

multiple colours is also done. The analysis of this example 

was introduced as a periodic inspection of the 10th year for 

the office building concerned. And, high profitability is 

expected because of presence of many similar structures [5]. 

A technique for increasing the speed at which a 

standard industrial manipulator can paint a wall surface. The 

approach is based on the perception that a small error in the 

direction of the end effectors does not influence the quality of 

the paint job. It is far more important to maintain constant 

velocity throughout the orbit. In doing this, they cast the 

problem of finding the optimal orientation at each time step 

into a convex minimized problem that can be solved 

efficiently and in real time. They show that aim to allow the 

end effector to keep higher constant velocity throughout the 

orbit guaranteeing constant paint coating and substantially 

decreasing the time needed to paint the wall [6]. 

Automobile companies that use its products include 

Ashok Leyland, Volvo, M&M, Tafe, Tata among many 

others. Tata motors remain its major customer and are the 

primary parts manufacturer for Tata's Nano. The company 

has also set up a dedicated plant for Tata Nano in Sanad, 

Gujarat. The company was forced to change its 

manufacturing facility from West Bengal to Gujarat after 

Tata moved out. 
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II. PROPOSED METHODOLOGY 

As we all know that this is the world of technologies. As the 

world grows the needs and wants of the men also increases. 

So, newer technologies were implemented. In the early days, 

all the painting works in the factories are done manually. 

During the period 3000–600 BC, many paint-making 

advances were made by the Egyptians. They not only 

developed pigments with a wider range of colours but are also 

credited with producing the first synthetic pigment (Egyptian 

Blue) and developing the first lake pigments.  

Preservative paints and varnishes were also used 

during this time. For hundreds of years, paint formulations 

were handed down from one generation to the next and were 

often carefully guarded. 

Paints were produced in small batches, with the 

procedure being relatively expensive one and the product not 

affordable to many. 

However, the demand for paint and coatings became 

great enough that by the late eighteenth and early nineteenth 

century it became profitable to make paint for wider 

consumption. 

The first paint and varnish factories were established 

during the nineteenth century. The industrial revolution and 

the mass production of the automobile strongly influenced the 

growth of the paint and coatings industry. 

The need for anti-corrosive coatings as well as other 

special-purpose coatings helped to accelerate the rate of 

scientific discovery. 

Titanium dioxide, the white pigment that would 

replace white lead, was introduced in 1918. After the middle 

of the twentieth century, the natural oils that had been used in 

paint formulations were replaced by synthetic resins. 

Today’s coatings manufacturers offer a wide variety 

of products to protect, decorate, and perform special 

functions on the surfaces of products ranging from children’s 

toys to spacecraft. 

In the later part of the twentieth century, society’s 

growing environmental awareness has presented a new 

challenge to the paint and coatings industry—to produce 

coating products that meet the demands of manufacturers and 

consumers and at the same time comply with the government 

environmental constraints. Certain chemicals have been 

shown to be toxic and hazardous to humans and/or their 

environment. 

Regulatory agencies are setting strict standards with 

which coatings manufacturers need to comply. This has led 

to a greater interest in developing coatings such as those that 

use water instead of volatile organic compounds in their 

formulation and powdered coatings that are absolutely 

solvent-free. 

Nowadays both the International and the National 

Companies are implementing the Robots for the painting 

purpose.  

But the cost for the implementation of the robots is 

too high. So not all are companies are able to afford it. 

The payback period for this implementation might 

take some time. So, in this project we are suggesting a simple 

screw road mechanism. 

As the name suggests it is a simple mechanism 

which works on a motor and a screw rod. It is simple in 

construction, as it does not have any complex parts. 

Comparing with all the available techniques the 

screw rod mechanism is very much cheaper. The major 

components of this mechanism are the nut, thread, rod, 

bearings, clamps, motor, gears and frames. 

III. COMPONENTS USED 

The simple screw rod mechanism consists of mainly the nut, 

thread, rod, bearings, clamps, motor, gears and frames. This 

mechanism has the up and down movement. It has only one 

axis, i.e. the X axis. Since it have two screw rods, the second 

one will make it up for the Y axis. 

A. Lead Screw 

A lead screw (or lead screw), also known as a power screw or 

translation screw, is a screw used as a linkage in a machine, 

to translate turning motion into linear motion. Because of the 

large area of sliding contact between their male and female 

members, screw threads have larger frictional energy losses 

compared to other linkages.  They are not typically used to 

carry high power, but more for intermittent use in low power 

actuator and positioner mechanisms. Common applications 

are linear actuators, machine slides (such as in machine 

tools), vises, presses, and jacks. Lead screws are 

manufactured in the same way as other thread forms (they 

may be rolled, cut, or ground). 

A lead screw is sometimes used with a split nut also 

called half nut which allows the nut to be disengaged from 

the threads and moved axially, independently of the screw's 

rotation, when needed (such as in single-point threading on a 

manual lathe). 

B. Spur Gear 

A gear or cogwheel is a rotating machine part having cut 

teeth, or cogs, which mesh with another toothed part to 

transmit torque. Geared devices can change the speed, torque, 

and direction of a power source. Gears almost always produce 

a change in torque, creating a mechanical advantage, through 

their gear ratio, and thus may be considered a simple 

machine. The teeth on the two meshing gears all have the 

same shape. 

Two or more meshing gears, working in a sequence, 

are called a gear train or a transmission. A gear can mesh with 

a linear toothed part, called a rack, thereby producing 

translation instead of rotation. The gears in a transmission are 

analogous to the wheels in a crossed, belt pulley system. An 

advantage of gears is that the teeth of a gear prevent slippage. 

When two gears mesh, if one gear is bigger than the 

other, a mechanical advantage is produced, with the rotational 

speeds, and the torques, of the two gears differing in 

proportion to their diameters. In transmissions with multiple 

gear ratios—such as bicycles, motorcycles, and cars—the 

term "gear" as in "first gear" refers to a gear ratio rather than 

an actual physical gear. The term describes similar devices, 

even when the gear ratio is continuous rather than discrete, or 

when the device does not actually contain gears, as in a 

continuously variable transmission. 

Spur gears or straight-cut gears are the simplest type 

of gear. They consist of a cylinder or disk with teeth 

projecting radially. Though the teeth are not straight-sided 

(but usually of special form to achieve a constant drive ratio, 

mainly in volute but less commonly cycloid), the edge of each 

tooth is straight and aligned parallel to the axis of rotation. 
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These gears mesh together correctly only if fitted to parallel 

shafts. No axial thrust is created by the tooth loads. Spur gears 

are excellent at moderate speeds but tend to be noisy at high 

speeds. 

C. Bearing 

A bearing is a machine element that constrains relative 

motion to only the desired motion, and reduces friction 

between moving parts. The design of the bearing may, for 

example, provide for free linear movement of the moving part 

or for free rotation around a fixed axis; or, it may prevent a 

motion by controlling the vectors of normal forces that bear 

on the moving parts.  Most bearings facilitate the desired 

motion by minimizing friction. Bearings are classified 

broadly according to the type of operation, the motions 

allowed, or to the directions of the loads (forces) applied to 

the parts. Rotary bearings hold rotating components such as 

shafts or axles within mechanical systems, and transfer axial 

and radial loads from the source of the load to the structure 

supporting it.  The simplest form of bearing, the plain bearing, 

consists of a shaft rotating in a hole. Lubrication is often used 

to reduce friction. In the ball bearing and roller bearing, to 

prevent sliding friction, rolling elements such as rollers or 

balls with a circular cross-section are located between the 

races or journals of the bearing assembly. A wide variety of 

bearing designs exists to allow the demands of the application 

to be correctly met for maximum efficiency, reliability, 

durability and performance. The term "bearing" is derived 

from the verb "to bear", a bearing being a machine element 

that allows one part to bear (i.e., to support) another. The 

simplest bearings are bearing surfaces, cut or formed into a 

part, with varying degrees of control over the form, size, 

roughness and location of the surface. Other bearings are 

separate devices installed into a machine or machine part. The 

most sophisticated bearings for the most demanding 

applications are very precise devices; their manufacture 

requires some of the highest standards of current technology. 

D. Servo Motor 

A servomotor is a rotary actuator or linear actuator that allows 

for precise control of angular or linear position, velocity and 

acceleration. It consists of a suitable motor coupled to a 

sensor for position feedback. It also requires a relatively 

sophisticated controller, often a dedicated module designed 

specifically for use with servomotors. Servomotors are not a 

specific class of motor although the term servomotor is often 

used to refer to a motor suitable for use in a closed-loop 

control system. Servomotors are used in applications such as 

robotics, CNC machinery or automated manufacturing. A 

servomotor is a closed-loop servomechanism that uses 

position feedback to control its motion and final position. 

The input to its control is a signal (either analogue 

or digital) representing the position commanded for the 

output shaft. The motor is paired with some type of encoder 

to provide position and speed feedback. In the simplest case, 

only the position is measured. The measured position of the 

output is compared to the command position, the external 

input to the controller. 

If the output position differs from that required, an 

error signal is generated which then causes the motor to rotate 

in either direction, as needed to bring the output shaft to the 

appropriate position. As the positions approach, the error 

signal reduces to zero and the motor stops.The very simplest 

servomotors use position-only sensing via a potentiometer 

and bang-bang control of their motor; the motor always 

rotates at full speed (or is stopped). This type of servomotor 

is not widely used in industrial motion control, but it forms 

the basis of the simple and cheap servos used for radio-

controlled models.More sophisticated servomotors use 

optical rotary encoders to measure the speed of the output 

shaft and a variable-speed drive to control the motor speed.  

Both of these enhancements, usually in combination with a 

PID control algorithm, allow the servomotor to be brought to 

its commanded position more quickly and more precisely, 

with less overshooting. 

IV. WORKING PRINCIPLE 

The working of our project can be explained with the help of 

a simple screw rod mechanism. The system motion is 

controlled by the screw rod mechanism. Different Axis of 

motion can be obtained with the help of this mechanisms. 

Here we are using two screw rod mechanism. The main drive 

system consist of one screw rod having the diameter of 14 

mm and the other subsystem screw rod having the diameter 

of 7 mm .  The main drive is used for the entire system up and 

down motion considered as x-axis movement and the sub 

system drive used for the angular x-axis movement which is 

considered as x'. The angular motion is used to obtain the top 

and bottom side painting. The y-axis motion and be 

automatically achieved by the arrangements of guide way.  

The guide way moves the spray gun Handel through this and 

automatically achieved the y-axis movement because the 

guide way is fixed in an inclined manner and this is the major 

advantage of this design because we don’t required any 3 

drive system to move through the Y-axis. 

 
Fig. 2: Concept Model 

We are using two types of drive system here one is 

the worm gear mechanism and the other one is the spur gear 

mechanism.  The main drive is run by the worm gear system 

using a DC servo motor. And the sub system drive is used by 

the spur gear arrangement using a geared DC motor. The two 

motors required 12V DC power supply the supply is 

controlled by the PLC control unit and the ladder diagram 

used to control the power supply timings. 

The main drive screw rod having the pitch about 1.5 

mm and the sub system drive screw rod having the pitch about 

1 mm. The control of timing using the PLC circuit is based 

upon the linear movement of bolt through the screw rod. The 

main advantage of the design is that we can achieve 3 motions 

using two drivers.  The machine is especially for the painting 
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of cylinder type products. The cost of this design is very much 

lesser than the cost of an arm robot. Mostly the arm robots are 

engaging these kind of painting process. But our design 

machine can do the same type of work with a small initial 

investment. The parameters is to achieve the continuous 

sequence of motion with small changes in the linear X-axis 

length for different brands of hydraulic power steering 

cylinders. The framing consists of mainly two materials. One 

is steel and the other one is aluminium. The main framing is 

done with steel and the sub frame is done with aluminium. 

We are using two types of joining methods one is welding 

and the other is nut and bolt fastening. We have to give more 

importance while doing the framing because the frame should 

withstand all the vibration and force that generated within the 

system so we did the major frame with steel and the sub 

system with aluminium. We are using a power window motor 

for the main drive and the ordinary geared motor for the 

angular movement. Instead of screw rod mechanism we can 

use the hydraulic and pneumatic actuator but the problem 

with these kind of actuator is that the controlling part is 

somewhat difficult than the screw rod mechanism. To reduce 

the backlash, we can use the recirculating ball screw system 

which increase the efficiency of the overall unit. 

V. PROGRAMMING 

The software used for the programming is DELTA PLC 

(WPL).WPL Soft is a software for PLC (Programmable logic 

controller). When PLC is in operation, use WPL Soft to 

monitor the set value or temporarily saved value in timer (T), 

counter (C), and register (D) and force On/Off of output 

contacts. PLC is a control system using electronic operations. 

 
Fig. 3: PLC ladder diagram 

Initially when the switch X0 is on, the paint will be 

sprayed for 5 seconds. After that the paint will be off for 2 

seconds. At this time the brush moves to the straight line. It 

will move down and paint for the next 1 minute. 

Then the paint tip will move up in 2 seconds. At this 

time the main motor will be off. After 2 seconds the bottom 

side will be painted for the next 2 seconds. Then the paint tip 

will move down. Now the main motor will be on and the sub 

motor will be off. Now the mechanism will move up in the 

next 1 minute. Once it reaches the top, the main motor will be 

off.  

VI. SOFTWARE ANALYSIS 

We are mainly using the following software’s for design and 

analyse the components. Also we are using the software to 

program the screw rod mechanism. The software used is 

Solid works. Solid Works (stylized as SOLIDWORKS) is a 

solid modelling computer aided design (CAD) and computer 

aided (CAE) computer program that runs on Microsoft 

Windows. 

Solid Works is published by Dassault Systems. 

Solid Works is a solid modeller, and utilizes a parametric 

feature based approach to create models and assemblies. 

 
Fig. 4: Solid works Design 

The software is written on Para solid kernel. 

Parameters refers to constraints whose values determine the 

shape or geometry of the model or assembly. Parameters can 

be either numeric parameters, such as line lengths or circle 

diameters, or geometric parameters, such as tangent, parallel, 

concentric, horizontal or vertical, etc.  

 
Fig. 5: Spray gun base-Deformation study 

The force analysis was done using solid works 

simulation express tool. Using this software, we can examine 

a part by giving the force on the critical points in the part and 

the amount of load can be withstanding by the part can be 

found out. First, we need to fix the required face of the part 

and the next step includes the applied load properties so we 

have to give the appropriate load (force, pressure) to the 

required face. Then we have to select the material for the 

given part there are lots of different materials and their 

properties are already saved inside the software so we have to 

choose any one of the material. 

After completing the material selection, we can view 

the results and animation of the analysis. This results will 

helps to find out the material properties. 

 
Fig. 6: pivoting frame-Simulation Xpress Study-

Displacement 
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After viewing the result. We can optimise the 

component by giving the varying the dimensions and the 

fixed dimensions and the optimization property as mass, 

factor of safety and stress. By completing these steps, we can 

get the perfect optimized component. 

VII. CONCLUSIONS 

The main objectives of our project with the implementation 

of paint booth is to reduce human effort and to get more 

accuracy. Also the rejection rate of the components are very 

less compared to the current process. The time consumption 

is very less. Its main advantage is that it reduces human effort 

and give more accuracy. So now with the implementation of 

this new paint booth we can increase the production time. 

And the main importance of this project is that we can easily 

reduce the wastage of paints. 
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