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Abstract: The industry faces with constant demand of 

tremendous Production criteria to be met with human workers 

this production rate is highly likely to fall behind as the time 

progresses, to solve the problem to obtain continuous production 

without any interruption, this paper helps understand how a 

manipulator will work for a very basic operations and how will the 

industry executive will be able to manage the shop floor. This 

project aims to show how a PLC is used in a automation and how 

a PLC based system is integrated with a IoT platform 

 

Keywords: Failure mode, Force, IoT, Manipulator, PLC, 

Torque. 

I. INTRODUCTION 

Today's industry needs automation and robotics to be in 

the competition. Industry has reached a crucial turn and it has 

revolutionized the processes that are being carried out. As 

always the primary objective of any industry is, increase 

productivity with minimum possible investment, safe work 

environment, increase precision, lower human fatigue, and 

overall increase efficiency of the industry, like the book 

"Machine Has changed the world" by the author James P. 

Womack and before that Japanese Auto-Manufacturer Toyota 

developed it into lean manufacturing. This method required 

communication to flow in both directions and increased 

quality while reducing time and cost , directions of 

communications are process improvement and error 

occurring .This has become possible with the help of two 

engineering aspects which are Industrial Automation and 

Robotics. If any industry aims to be more efficient, repetitive 

work should be assigned to the robot or it can be automated 

and human resources can be reassigned to the work where 

there is more flexibility required which will increase the 

productivity and accuracy at the same time. Robotic 

manipulators can be used as material handling unit or 

temporary storage for work under progress work pieces which 

comes under repetitive work sub domain. The material 

handling systems is  built for the sole purpose of education, 

since there is lack of systems that can aid the students aspiring 

to become an automation and robotics engineer due to lack of 

equipment and exposure to the industrial grade practices. This 

manipulator is part of that project. The material handling unit 
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is a part of a full assembly line industrial grade model which 

has been developed solely for the purpose of education. The 

manipulator should be simple enough so that the students can 

understand the concepts of the manipulator through the 

application point of view such as determining of the 

parameters, principle steps were to analyze worksite of 

present system, formulate and simulate ulterior solutions, and 

finally analyze the requirement of robotics system [1]. i.e. 

visualize the application and then determine what constraints 

are to be put in place. This is done using certain steps After 

designing of the manipulator the control system that should be 

implemented should be able to make the manipulator work 

without imploding [2]
 
PID controllers are not suitable for high 

speed operation [3] since the computational parameters can 

be effectively found with computed torque control and feed 

forward dynamic If the manipulator is designed with a control 

system that is modeled based on  torque level control , 

precision of the system is increased [4]. Taguchi method 

based on Stochastic colored Petri nets (SCPN) [5] is one of 

the effective methods to program a system to be a potential 

automatic storage and retrieval system (ASRS). Conventional 

storage unit and ASRS units are vastly different not only on 

human interface [6] but to organization and inventory 

management. In order to make Manipulator work as 

integrated part of ASRS unit is to calculate constraints such as 

path planning and operation time and we can reduce this using 

[7]. Traveling Salesmen method. Fragmentation [8] is a fault 

commonly occurred while running ASRS operation 

overlapping of the commands or skipping then familiar 

command is result of the process, concluding that a 

manipulator working originally with given parameters would 

not be efficient it handle ASRS tasks. Considering above 

conclusion reducing the number of parameters to deal with is 

one of the possibilities to add ASRS tasks to manipulator is 

that make rules for that will utilize and program the 

manipulator for small areas only. but it takes considerable 

amount of time to commission and high maintenance which is 

not recommended [9]. Plan peak travel times for each 

terminal cases in order to reduce the operational timing of the 

ASRS manipulator [10] Model based on the Dwell points 

such as model based on minimization of expected travel time 

and minimization of the maximum travel time which will help 

the designer to calculate the minimum time required to 

operate [11]
 
In some cases it has been stated that models such 

as analytical model that will utilize the data of how a given 

space can be used and path planning the manipulator should 

function vastly efficient [12]. 
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When it comes to IoT and exchange of data the most 

important factor is security of the data and it can be improved 

by studying the middle-ware of the system [13] As well as if 

system is supposed to be real time the communication system 

should be exceptional and data [14] transfer should be more 

effective such as Constrained Application Protocol (CoAP) 

and Representational State Transfer (REST) For latest PLC 

modules that are in the market the communication protocol 

should be easy less complex and accessible [15]
 
such as 

PROFIBUS or PROFINET 

II.  OBJECTIVE & SCOPE 

• To develop a system capable of handling the material 

from pneumatic press to automatic storage and retrieval 

system (ASRS).  

• To integrate the system with IoT 

III. PROPOSED SYSTEM 

The proposed system is a material handling system with 

following structure that it will follow , fig 1 shows the block 

diagram representation that shows the components that are 

needed to design and implement a manipulator similarly in fig 

2 what will be the Control and communication system of the 

system should be is given. 

 
Fig. 1. Block of diagram material handling system 

 
Fig. 2. PLC controller with IoT integration Block 

diagram 

fig 3 represents the conceptual design of the manipulator 

arm that is to be implemented in the system  

 
Fig. 3. Concept manipulator arm. 

IV. MANIPULATOR 

Manipulator has to work within the given angular 

constraints which are shown in the format of a block diagram 

in fig 6. 

4.1. Manipulator Specifications 

In Robotic manipulator we need configuration, 

transformation matrix, design of the actuators, placement of 

the sensors. For the current system we require manipulator 

with work space shown in fig.4. 

 
Fig. 4. Manipulator Workspace. 

Configuration of the desired manipulator shown in fig 5 the 

designed structure is shown fig 6 illustrates the joint axis of 

the desired manipulator which will help in finding out DH 

parameters. 

 
Fig. 5.  Manipulator Configuration. 
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Fig. 6. Joint Axes of manipulator. 

4.2. Manipulator DH Parameters 

Table I: DH Parameters. 

Joints 

(i) 

Twist 

angle (θ) 

Offset 

along  

Z-axis 

(d) 

Link 

length 

(a) 

Joint 

angle 

(α) 

0-1 θ 0 0 0 0 

1-2 0 d1 0 0 

2-3 0 0 a2 - /2 

3-4 0 0 a3 -/2 

4.3. Transformation Matrices for individual joints and 

manipulator 
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4.4. Force and Torque components of the manipulator 

To make sure the manipulator system holds the structure at 

designed loads the analysis of the forces is done using 

Lagrangian method following are the calculation 

Observations and conclusion of the, prerequisite 

information needed to go forth is  

Lagrangian constant = L = Kinetic Energy - Potential Energy 

         Torque component = T =        (1) 

                Force component = F =            (2) 

To find the variables we need to examine each link: 

         Kinetic energy of base link = K1 =     (3) 

Kinetic energy of vertical link = K2 =   (4) 

Kinetic energy from horizontal link  

= K3 =               (5) 

K3 =         (6) 

Now for finding the Moments of inertia for each of the links, 

assume a tentative structure of the manipulator as follows: 

 

Fig. 7. Desired Manipulator 

We will find the moments of inertia for each links. 

Moment of inertia is to be found out using the "Theory of 

Parallel and perpendicular axis for moment of inertia". 

Further to calculate Kinetic energy of each link (in terms of 

) 

               K1 =   =        (7) 

   K2 =   =  (8) 

               K3  =           (9) 

                   =  

     Kinetic energy of the system = K = K1 + K2 + K3      (10) 

K  = { } 

For Potential Energy of the system : P = P1 + P2 + P3here,  

P1 = P.E. of Link 1 =  = 0.10923 J 

P2 = P.E. of Link 2 =  = 2.385 J 

P3 = P.E. of Link 3 =  = 2.538 J 

M = Mass of respective Link in 

H = vertical distance of C.G. from datum 

g = Gravitational acceleration 

Thus, 

P = P1 + P2 + P3= 0.10923 + 2.385 + 2.538 = 5.033 J  (11) 
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 According to the Lagrangian constant definition , 

                             L = K.E. - P.E.                      (12) 

= { } -

 5.033 

                      Torque =          (13) 

Thus, 

 = 

 

 = 0 

Torque =  

=  

Force =          (14) 

 =  

 =  

Force =  =  

Torque= 

 

Force =  

Link 1 = base link : M.I. along rotational axis (z-axis) =  

I1 = 1.969 x 10
-3

  kg.m
2
 

Link 2 = vertical link : M.I, along rotational axis =  

I2 = 1.4486 x 10 
-3

 kg.m
2
 

Link 3 = Horizontal link : M.I, along rotational axis  =  

I3 = 0.019179 kg.m
2
 

Constraints are provided as follows :  

 = m 

 = 0.066 m/s 

 = 0.9 rad/sec 

 = 6 x 10
-3 

rad/s
2 

Thus giving us following constant Torque and force 

requirement  

Theoretical Torque = TTh  = 16.9322 mNm 

Required Torque = TTh x Factor of safety     (15) 

= 16.9322 x 1.2 =  20.7 mNm 

Force = 44.4 mN 

Torque = 20.7 mNm 

Force = 44.4 mN 

4.5. Motor Selection 

Following parameters are required to select a motor 

Load Torque (TL) = F x (bevel gear radius)   (16) 

TL = 0.44 mNm 

Acceleration Torque (Ta) 

=   (17) 

Ta = 2.4513 x 10-3 mNm 

Required torque (TM) = Load Torque (TL) + Acceleration 

Torque (Ta)                 (18) 

Required torque (TM) = (0.44 + 2.4513 x 10-3) x 1.4 

TM  = 65.6 mNm 

Calculation conclusion =>  

Stall Torque = 20 mNm  2 mNm 

Operational Torque = 65.6 mNm  5mNm 

4.6. Inputs and Outputs of the Manipulator 

The manipulator ladder logic works in 3 different sets 

which are as follows: 

• Define function Blocks  

• Pick and place of child parts from conveyor to the 

Pneumatic press 

• Pick and place of finished assembly from pneumatic 

press to the ASRS platform 

First following table is of the memory bits that are used in 

the program.  

Table II: DH Parameters 

S.No. 
Memory 

bit 
Function 

1 M1 Clockwise rotation memory 

2 M2 
Counter clockwise rotation 

memory 

3 M3 Suction cup ON memory bit 

4 M4 Encoder reading for angle 13
0 

5 M5 Encoder reading for angle 90.6
0
 

6 M6 Encoder reading for angle 104.3
0 

7 M7 Encoder reading for angle 280.6
0
 

8 M8 Encoder reading for angle 193
0
 

9 M9 
Memory for completion of the 

press operation 

 In order to understand how a PLC Ladder logic has to be 

drawn first there is a need of step by step bifurcation of the 

actions that are carried out by the manipulator system. these 

actions are classified in 2 different types 

 Pick and place from Conveyor to Pneumatic press  

 Pick and placed from pneumatic press to  ASRS  platform  

Now that actions are separated and placed in orderly 

manner it will be easy to carry out building ladder logic. 

Thus in the from Figure11 to Figure 26 (Appendix 1) PLC 

ladder logic of these three set of actions has been shown. 

V. CONCLUSION 

Designed manipulator works with 4 positions namely, 

Home, Conveyor station, Pneumatic Press station, ASRS 

platform. The manipulator works with payload of 250gm with 

the body weight of 1.2Kg without compressed air. The 

manipulator successfully works with 4 bar pressure and has 

maximum capacity to handle 6 bar air pressure. In order to 

vary the operation speed regulators such as potentiometer for 

twisting motor and throttle valves for linear links can vary the 

operation speed from 10 s/cycle to 30s/cycle. Communication 

also known as handshake between two PLC in the system has 

been successfully established. Motor with torque of 65.6mNm 

with operational tolerance of 

5mNm refer equation (18). 
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Fig. 8. Actual Manipulator. 

APPENDIX 

Table III. Part list 

S.No. Part Name Part Description Qty 

1 
Pneumatic 

Cylinder 

R = 10mm, 

s= 60 mm 
1 

2 
Pneumatic 

Cylinder 

R = 10mm,      

 s= 100 mm 
1 

3 Solenoids 
Used to actuate the 

direction control valves 
5 

4 
Vacuum 

Ejector 

Generates vacuum used to 

pick or place the work 

piece 

1 

5 Suction Cup D = 12mm  

6 DC motor 

Twisting action of the 

manipulator is carried out 

by DC motor 

1 

7 

Inductive 

proximity 

Sensor 

Helps to calibrate 

manipulator at its home 

position 

1 

8 
Magnetic 

Sensors 

Placed at the end of 

cylinders to indicate 

successful 

extension/retraction 

4 

9 Bevel gears 
Used to transmit power 

from motor to manipulator 
2 

10 

Planetary 

Gear 

assembly 

1:120 reduction ratio 

(22E) 
1 

11 

5/2 

direction 

control 

valves 

Used for direction control 

of vertical and horizontal 

movement in manipulator 

2 

12 
3/2 NC 

DCV 

Used to turn on/off suction 

cup control 
1 

 

 

 

 

 

 

 

 

Table IV. PLC I/O and Function 

S. No. Inputs Function 
Outputs 

(w.r.t. Inputs) 

1 
Encoder  

(En) 

Measures pulses to 

determine angles for 

precise motor rotation 

Motor 

2 

Inductive 

proximity 

sensor 

(IP1) 

Calibrates manipulator 

to be at home position 
Motor 

3 

Magnetic 

sensor 1 

(MS1) 

Senses when vertical 

cylinder is in retracted 

position 

Vertical 

cylinder 

(cylinder 1) 

4 

Magnetic 

sensor 2 

(MS2) 

Senses when vertical 

cylinder is in extended 

position 

Vertical 

cylinder  

(cylinder 1) 

5 
Solenoid 1 

(Sol1) 

Actuates 5/2 DCV to 

actuate vertical cylinder 

into extended position 

Vertical 

cylinder 

(cylinder 1) 

6 
Solenoid 2 

(Sol2) 

Actuates 5/2 DCV to 

actuate vertical cylinder 

into retracted  position 

Vertical 

cylinder 

(cylinder 1) 

7 

Magnetic 

sensor 3 

(MS3) 

Senses when horizontal 

cylinder is in retracted 

position 

horizontal 

cylinder 

(cylinder 1) 

8 

Magnetic 

sensor 4 

(MS4) 

Senses when horizontal 

cylinder is in extended 

position 

horizontal 

cylinder 

(cylinder 1) 

9 
Solenoid 3 

(Sol3) 

Actuates 5/2 DCV to 

actuate horizontal 

cylinder into extended 

position 

horizontal 

cylinder 

(cylinder 1) 

10 
Solenoid 4 

(Sol4) 

Actuates 5/2 DCV to 

actuate horizontal 

cylinder into retracted  

position 

horizontal 

cylinder 

(cylinder 1) 

11 
Solenoid 5 

(Sol5) 

Actuates 3/2 DCV to 

turn suction ON or OFF 

Vacuum 

ejector 

12 

Conveyor 

End 

sensor 

(Optical 

sensor) 

Initiates the cycle Motor 
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