IJSRD - International Journal for Scientific Research & Development| Vol. 11, Issue 4, 2023 | ISSN (online): 2321-0613

Design and Development of a Weight Sensing Based Object Sorting
Robotic Arm

Prof. S. Suman? Avadhut Chavan? Ganesh Ingle® Aishwarya Kamat* Sanskruti Alashi®
Faculty 2345Student
12345Department of Mechanical Engineering
12345DYPCOEI Varale, Pune, India

Abstract — The increasing importance of robotics in various
industries has greatly simplified and improved human life.
One area where robotics can be particularly beneficial is in
the sorting of products within the manufacturing sector, based
on criteria such as colour, weight, and size. To address the
challenges associated with sorting, a combination of robotics
and weight sensing technology can be employed. The
objective of this project is to design and develop a robotic arm
that incorporates a weight sensing system. A load cell is
utilized to detect the weight of the object being picked up by
the arm. The load cell sensor transmits weight signals to an
Arduino Uno, which then generates control signals for a
motor driver. The motor driver, in turn, regulates the
movement of the motors situated between the links of the
robotic arm. The arm consists of a base motor for rotation, a
shoulder motor for bearing weight, an elbow motor, and a
motorized gripper for securely holding the objects. This
innovative model has practical applications in factories where
it can be utilized for efficient job sorting.
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I. INTRODUCTION

Robotics has become a prominent technology in both
research laboratories and industries, offering automation
capabilities and minimizing human errors. Robots are utilized
for various tasks such as assembly lines and force-controlled
motions with feedback to their controllers. This project
focuses on the development of a wireless-controlled robotic
arm using the Arduino platform. The aim is to create a
versatile robot capable of pick and place operations based on
the weight of objects. With the power of Arduino, which is
compact and user-friendly, embedding electronics into the
real world becomes an enjoyable and straightforward task.
The paper discusses different topologies and designs for
constructing the Arduino-based mobile control arm,
emphasizing its ability to sort objects based on weight. As
robotics is an emerging field, universities worldwide are
actively engaged in research and development. The author of
this project has independently developed a wireless-operated
robotic arm using a load cell to transmit signals to the robot
through an Arduino circuit. By employing Arduino coding,
the robot can move in multiple directions, pick up objects,
and place them at designated locations according to their
weight.

Il. OBJECTIVES:

Design of a movable and flexible mechanism to pick and
place object

Develop a robotic arm by connecting the Aluminum
links and the motors with suitable coding for controlling
remotely by mobile.

Development of a mobile controlled wireless system
fitted with load cell to sense weight of an object testing of
developed System for optimum performance.

I1l. PROBLEM STATEMENT

Robots are extensively utilized in industry for tasks requiring
precise and repetitive motions. This is particularly evident in
the manufacturing sector, where assembly lines necessitate
fast and accurate work. Performing such tasks repetitively can
lead to human boredom and an increased likelihood of errors,
unlike mechanical robots that are programmed to execute
specific tasks with precision. However, one challenge in
robotic systems is achieving perfect alignment during the
mating process of components. To address this issue, passive
compliance devices can be incorporated into the end effector,
compensating for a certain degree of misalignment. While
pick and place robots are commonly employed, there is a gap
in the market for a smart robot capable of sorting objects
based on their weight.

IV. EQUIPMENTS OF WEIGHT SENSING BASED OBJECT
SORTING ROBOTIC ARM

A. Basic Frame:

Mild steel angles are chosen, cut, and shaped at 90 degrees to
form a rectangular frame. The ends are smoothed and welded
together.

B. Basic Frame:

Mild steel angles are chosen for the frame and cut to size. The
ends are shaped at 90.degrees, ground, and welded to create
a rectangular frame

Fig. 4.2: Mild steel angle
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C. MS Sheet Metal:

Our MS sheets and mild steel sheets adhere to ANSI, API,
MSS, BS, DIN, JIS, and IS standards. We offer these sheets
in various grades, thicknesses, lengths, and weights to meet
specific requirements. Sheet metal is a versatile material used
in metalworking, easily cut and bent into different shapes. It
can be provided in flat pieces or coiled strips, with
thicknesses measured in millimeters or gauge in the US.

Fig. 4.3: Sheet Metal

D. Fasteners (nut and bolt):

Nuts are threaded fasteners used alongside bolts to securely
join multiple parts together. The combination of thread
friction, bolt tension, and compression holds the partners
firmly in place. Bolts and screws come with various head
designs that engage with specific tools. Some bolt heads have
built-in locking mechanisms, eliminating the need for tools at
the bolt end. Square-headed bolts were traditional, but
hexagonal heads are now more prevalent, turned using
wrenches-or-spanners-of different types and orientations.

Cd e

Fig. 4.5: Nut bolts

E. Shaft:

A shaft serves as a rotating machine element that transfers
power between different locations. Tangential force applied
to the shaft generates a twisting moment, enabling the power
to be distributed to connected machines. Pulleys, gears, and
other components mounted on the shaft facilitate power
transfer, but also subject the shaft to bending. Keys or splines
secure the members to the shaft, which is typically cylindrical
but can also be square or cross-shaped, solid or hollow.

Fig. 4.6: Shaft
Ordinary shafts are commonly made of mild steel,
specifically carbon steel grades like 40C8, 45C8, 50C4, and
50C12. For high-strength applications, alloy steels such as
nickel, nickel-chromium, or chrome-vanadium are preferred.
Shafts are typically hot rolled, then finished through

processes like cold drawing, turning, grinding, or forging for
larger diameters.

F. Bearing

A bearing is a machine element that supports a moving
component called a journal, allowing relative motion while
bearing the load. Frictional resistance and wear occur when
the contact surfaces rub against each other, wasting power.
To minimize these issues and dissipate heat, a lubricant layer
is typically employed. Lubricants commonly used include
mineral oil derived from petroleum, vegetable oils, silicon
oils, and greases.

Fig. 4.7: Ball Bearing

G. Battery:

Batteries transform chemicals into electricity, powering
countless devices and systems. Their primary function is to
supply a current for operating various electrical components,
including the cranking motor. The specified battery has a
voltage of 6V and a current capacity of 4.5 Ah, indicating its
ability to provide a steady power supply for the intended
applications.

Fig. 4.10: Lead acid battery

The motor operates on a 12V power supply achieved
through series connection of multiple batteries. Batteries
consist of electrochemical cells that power devices like
smartphones and electric cars. Electrons flow from the
negative to positive terminal, facilitated by electrolytes,
enabling chemical reactions and delivering energy to the
external circuit. The term “battery” now includes single-cell
devices alongside multiple-cell configurations.

H. Johnson Geared Motor (Grade B)

Fig. 4.11: Johnson Geared Motor
The Johnson Geared Motor is a compact DC motor with a
metal gearbox that drives its shaft. It operates on a DC power
supply and is praised for its strong torque-speed performance.
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With a voltage range of 6 to 18V, it runs smoothly at 10 RPM
and delivers a torque of 11.7 kg-cm.

V. DESIGN PROCEDURES:

Fig. 5.1: Frame

VI. CALCULATION

A. Design of Shoulder Motor:

Power of motor =6 N-m /s
Rpm of motor = 3.5 rpm
CALCULATION FOR FINAL SPEED & TORQUE
P= 2aNT
60
6=2nx35xT

60

T =16.37 N-m

T =16370 N-mm
Now, length of arm is 250 + 150 + 150 = 550 mm
T=FxR
F =16370/550 = 29.76 N
Motor efficiency be 50 percent
F=14N=15kg
So, design is safe

B. Speed of arm:

W=2n N/60
=0.3665 rad/sec
V=rw=0.55*0.3665=0.20 m/s

C. Battery Calculations:

Discharge Time = (Battery watt/Total watt Consumed)
Total 4 motors are used = 6 x4 = 24watt
Battery is 12v 7 amp = 12 x 7= 84 watt

= 84/24 = 3.5 Hrs
=210 mi

D. Box pipe used under belt is subjected to fail under
bending:

Consider weight at cantilever end be 1.5 kg as per calculation
M =W L/4=14X250=3500 N-mm
Z1=BT2/6=25x132/6=704.16 mm3
Z2=bt2/6=22x102/6 =366 mm3
Z=271-272=337.49 mm3

Xb=M/Z

¥ b=3500/337.49 = 10 N/mm?2

X b INDUCED <6 b ALLOWED

10 N/mm2 < 120 N/mm2

Hence our design is safe.

E. Design of bolt:

Bolt is to be fastened tightly and also it will take load due to
rotation.

Stress for C-45 steel =420 kg/cm?2.

Std nominal diameter of bolt is 9.31 mm.

From table in design data book, diameter corresponding to
M10 bolt is 8 mm

F. Let us check the strength:-

Also initial tension in the bolt when belt is fully tightened.
P =981 N is the value of force

P =0981N

Also, P=1I1/4dc2x o
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X =(981 x4/3.14x( 8)2)=3924/201 Journal of Engineering Trends and Technology, Vol. 4
2 =19.51 N/ mm2 Issue 4

The calculated o is less than the otensile and oshear

Hence, our design is safe.

G. Design of shaft:

Now, T is the maximum torque among all shafts, so we will
check shaft for failure here.

T=(n/16) * os *

3620 =(n/16) *135 *d**3

T=n/16x135xd3

D =5.15mm

But we are using 7 mm shaft, so our design is safe.

VII. CONCLUSIONS:

In this chapter, we present the key conclusions derived from
our project work, supported by scientific justifications.

Firstly, our project addresses the industrial challenge
of sorting objects by weight in pick and place robots.

Secondly, an in-depth study was conducted to
carefully select the most suitable strategy for executing the
task. These conclusions have significant implications for
improving industrial sorting processes and optimizing the
efficiency of pick and place robotic systems.
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