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Abstract— Automation in various forms constitutes the 

backbone of most major industries. An increase in 

production volume, product variety and manufacturing 

process complexity necessitates automation to ensure 

consistency and profitable production. In our project we 

design and develop the multiple gripper machines for the 

pick and place automation. For the packaging of the 

medicine, bottles etc. Now a day’s mostly in all industry 

robotic arms is used for pick and place. The robotic arm 

uses the programmable logic controller and supervisory 

control. Therefore the cost of robotic arm is high and also 

the cycle time for the robotic arm is high. Our system is 

replacing the robotic arm system. This uses the multiple 

grippers, embedded system and sensors. It has some exotic 

features like timer, counter, mathematical operations. 
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I. INTRODUCTION 

Automated material handling becomes a crucial aspect of 

factory automation because it frees up manual labour, 

streamlines the flow of material, allows for complexity 

management, reduces work in progress and improves the 

utilization of expensive equipment. As per this project, the 

limitations of human work should be solved. The human 

works have many limitations likewise, laziness, less 

accuracy, time limits, less productivity, etc. In the industrial 

world, automation is one of the essential elements for 

development. It helps to reduce the need for humans and 

increase efficiency and productivity. The field of automation 

occupies large areas, mostly in industrial manufacturing. 

The Robotic Arm is one of them, which is widely used for 

industrial purpose. Pick and Place robots are used in wide 

variety of material transfer application. But our project is 

replacing the robotic arm. We are using the multiple 

grippers for pick and place application. They are attached to 

rolling chain. This is driven by stepper motor. To detect the 

material and force applied by the gripper on material 

without damaging it, we using the sensors. For position 

detection of material we are using the sharp sensor and force 

detection we are using the flex sensor. For up and down 

motion we using the timing belt instead of rack and pinion 

gear. By using the timing belt we are reducing the weight 

and eliminating lubrication. For controlling purpose we are 

using embedded system instead of PLC. It will help to 

reduce the cost of product. 

II. LITERATURE REVIEW 

Matteo Russo et.al.[1] had presented their work in “Design 

& test of a gripper prototype for horticulture products” 

design and test of a gripper prototype for horticulture 

product. In this paper design of three finger gripper for 

horticulture and working of gripper is based on slider crank 

mechanism. By using this gripper it grasp firmly medium 

sized horticulture products without damaging them. A 

prototype is has been built and tested by using a UR5 robot 

arm in several pick and place operations to demonstrate that 

the proposed gripper is able to fulfill all requirement for the 

task. It grasps firmly medium sized horticulture product 

without damaging them. 

Rahul Basu et.al.[2] has their work in, 

“Development of 5 DOF Robot Arm- Gripper for sorting & 

investigating RTM Concepts” assembled 5 DOF armed kit 

which is used it to understand simple robotic concept like 

degree of freedom, gripper action, PNP, palletisation etc. 

This concept can used in space remote vehicles, extension to 

human body i.e. exoskeletons, extension to programming 

automation and factory robotics, extension to automation in 

food industry and tracking system etc. 

Mohsen Moghaddam et.al. [3] has presented their 

study in “Parallelism of Pick-And-Place operation by multi 

gripper robotic arms” used multiple gripper for simultaneous 

pick and place and its control system. It uses parallelism 

programming to find the shortest route automatically. Due to 

this control system and multiple grippers cycle time is 

reduced which help full in material handling. In this article a 

new framework is developed for modeling and optimization 

of the PPNP operation performed by multi-gripper robotics 

arm. 

Giulio Rosati et.al.[4] has presented their study in 

“Design & construction of a variable aperture gripper for 

flexible automated assembly” design and testing of a 

variable aperture, cost effective gripper, capable of adapting 

its aperture to different handling demand without affecting 

the working cycle time of the production system. It 

increases flexibility in robotized work cells without 

increasing cycle time. A variable aperture gripper with two 

DOF was designed, prototype and preliminary tested. The 

prototype has satisfied all the requirement that we had 

defined. Future development should then address 

optimization of size and weight by manufacturing a metallic 

version of the gripper that would allow for smaller 

thickness. 

Rahul kumar et.al.[5] has focused on “A Low Cost 

Linear Force Feedback Control System For Two Finger 

Configuration Gripper” forced feedback control system. 

According to this two fingers grasp the object with 

approximately same coefficient of friction. Due to the 

approximate coefficient of friction object is grasp without 

damaging the object. This paper specifically means for 

successful grasping (no slip nor damage the object) the 

normal/grasping force should be in the range (1%FN ≤ FN ≤ 

5%FN)N for masses with the coefficient of static friction µ. 

III. SYSTEM COMPONENT 

The whole system based on two parts, mechanical parts with 

gripper and electrical part. Electrical part consists of signal 
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processing part. Signal processing part will process 

computing language uploaded to the microcontroller. 

Mechanical part consists of the designing and manufacturing 

of all parts. 

Electrical parts which are used in our project are given 

below- 

A. Stepper Motor 

Stepper motor or step motor or stepping motor is a brushless 

DC electric motor that divides a full rotation into a number 

of equal steps. The motor's position can then be commanded 

to move and hold at one of these steps without any position 

sensor for feedback. In our project we are using 20kg-cm 

rating stepper motor for rotation of grippers which are attach 

to the chain with attachment. 

 
Fig. 1: Stepper Motor 

B. 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. We are using 

servo motor for the motion of the gripper. 

 
Fig. 2: Servo Motor 

C. Flex Sensor 

A flex sensor or bend sensor is a sensor that measures the 

amount of deflection or bending. Usually, the sensor is stuck 

to the surface, and resistance of sensor element is varied by 

bending the surface. We are using flex sensor for measuring 

the force applied by the gripper to grasp the object. So 

damaging of object while grasping is been avoided. In our 

project we attached flex sensor on gripper’s arm. 

 
Fig. 3: Flex Sensor 

D. Sharp Sensor 

There are two major types of Sharp's infrared (IR) sensors 

based on their output: analog rangers and digital detectors. 

Analog ranges provide information about the distance to an 

object in the ranger's view. Digital detectors provide a 

digital (high or low) indication of an object at or closer than 

a predefined distance.  We are using the sharp sensor for the 

detection of object. When sharp sensor detects the object the 

gripper will stars grasping the object. 

 
Fig. 4: Sharp Sensor 

Embedded System 

An embedded system is a computer system with a dedicated 

function within a larger mechanical or electrical system, 

often with real-time computing constraints. It 

is embedded as part of a complete device often including 

hardware and mechanical parts. Embedded systems control 

many devices in common use today. Ninety-eight percent of 

all microprocessors are manufactured as components of 

embedded systems. The cost embedded system is lower than 

PLC system. Therefore we can reduce the cost the cost.  

 
Fig. 5: Embedded System 

IV. METHODOLOGY 

In this project we are going to use embedded system instead 

of PLC, thus this causes significance decrease in cost. 

System consists of sensors which are used to sense 

the object. To sense the object sensors are placed near to the 

gripper arms. 2 types of sensors are going to use i.e. flex 

sensor and sharp sensors. Flex sensors is used to sense the 

grasping force and sharp sensors which is a proximity type 

of sensors, is used to detect position of object. Flex sensor is 

placed on the gripper arms and sharp sensors is placed 

below the gripper which will sense the object. 

Chain sprocket arrangement is used to move the 

gripper arrangement to do the pick and place operation. 

We are using acrylic material for gripper arms to 

reduce the weight of the gripper. Gripper is mounted on the 

acrylic plate which is attached to the chain with special 

attachment provide along with chain. 

A conveyor is used to move the object. Whenever 

object comes in range of sharp sensor, it detects the object 

and signal is send to the embedded system then the servo 
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motor actuate accordingly which is assembled in gripper 

mechanism. 

Then gripper arms pick the object with proper 

gripping force. The flex sensor accurately grasps the object 

with appropriate grasping force. Then gripper places the 

object at destination point. Multiple grippers are used to 

reduce cycle time. 

V. MECHANICAL DESIGNING  

In our project we are using the 2-finger robotic gripper. The 

movement of the fingers is horizontal. Basically our project 

application is for pick and place of light weight object. 

Therefore we are considering 220g mass of acrylic bottle, 

which gripper’s arm will lift. So we calculated the force that 

required for lifting the acrylic bottle without damaging it.  

Gripping Force Calculation: 

Condition in which work part not drop 

𝐹𝜇 > 𝑊 

𝑊 = 𝑚𝑔 

Where, 

 F=gripping force (sum of gripping forces), N 

µ=coefficient of static friction between finger and work part 

m=work part weight (kg) 

g=gravitational acceleration (9.81 m/s2) 

Condition in which a work part is does not drop when work 

part is gripped. 

𝐹𝜇 > 𝑊 

∴ 𝐹 >
𝑚𝑔

𝜇
 

 
Fig. 6: Gripper Force Direction 

Factor of safety for normal transportation of gripper is 2. 

𝐹 >
𝑚𝑔

𝜇
× 2(𝑓𝑎𝑐𝑡𝑜𝑟𝑜𝑓𝑠𝑎𝑓𝑒𝑡𝑦) 

𝐶𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝜇 = 0.2 

𝑎𝑛𝑑 𝑚 = 200𝑔𝑚 = 0.2 𝑘𝑔 

∴ 𝐹 > (
0.2 × 9.81

0.2
) × 2 

F=19.62 N 

Allowable load: 

Allowable load𝐹(𝑁) >
𝑀(𝑁.𝑚)

𝐿(𝑚𝑚)×10−3 

Where, M=maximum allowable moment (N.-m) 

L=length of gripper figure (mm) 

19.62 =
𝑀

40 × 10−3
 

M=0.784N-m 

Hence required torque to grip 200gm work part is 7.99 kg-

cm≈8 kg-cm 

From above calculation the load which required 

safely lifting of the bottle is 19.62N and the motor is use for 

moving gripper up and down should have torque motor than 

8kg-cm. 

 
Fig. 7: Gripper’s Movement 

 
Fig. 8: Gripper’s Model 

 
Fig. 9: Prototype 

VI. CONCLUSION 

This paper represents the design and development of pick 

and place of light weight object with help of robotic gripper 

for the industrial automation.  This project very useful in 

FMCG (Fast Moving Consumer Goods) material handling 

department because of fast and accurate picks and places the 

object. The traditional use of the robotic arm for material 

handling causes the high cost investment and running cost. 

Our project is successfully able to reduce the cost for 

material handling system and time for material handling. 
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Also our project design and construction is simple, that the 

robotic arm for pick and place. 
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