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Abstract— The Industrial Robot comes under Secondary type 

of Material Handling and Storage System. An industrial robot 

is a reprogrammable multifunctional manipulator defined as 

a machine formed by a mechanism including several degrees 

of freedom often having the appearance of one or several 

arms (i.e. a loading or an unloading arm) ending in a wrist 

capable of holding a job, tool and inspection device. It is used 

to pick the component to be machined from the assembly 

station and place it in the XL Turn for machining operation 

and then again place in on the assembly station after 

machining is completed. The idea of this project was derived 

looking at the problems the industries faced when the robotic 

arm was overloaded and creep failure occurred. There was a 

huge loss of time and also the efficiency of the process is 

decreased. 
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I. INTRODUCTION 

In today's competitive global market, manufacturers have to 

modify their operations to ensure a better and faster response 

to the needs of customers. The primary goal of any 

manufacturing industry is to achieve a high level of 

productivity and flexibility which can only be done in a 

computer integrated manufacturing environment. A flexible 

manufacturing system (FMS) is an integrated computer-

controlled configuration in which there is some amount of 

flexibility that allows the system to react in the case of 

changes, whether predicted or unpredicted. FMS consists of 

three main systems. The work machines which are often 

automated CNC machines and are connected by a material 

handling system (MHS) to optimize parts flow and the central 

control computer which controls material movements and 

machine flow. An FMS is modeled as a collection of 

workstations and automated guided vehicles (AGV). It is 

designed to increase system utilization and throughput of 

system and for reducing average work in process inventories. 

A. Flexible manufacturing systems: 

A system that consists of numerous programmable machine 

tools connected by an automated material handling system 

and can produce an enormous variety of items. A FMS is 

large, complex, and expensive manufacturing in which 

computers run all the machines that complete the process so 

that many industries cannot afford traditional FMS hence the 

trend is towards smaller versions call flexible manufacturing 

cells. Today two or more CNC machines are considered a 

Flexible Manufacturing Cell (FMC), and two or more cells 

are considered a Flexible Manufacturing System (FMS). 

Flexible manufacturing system is a computer controlled 

manufacturing system, in which numerically controlled 

machines are interconnected by a material handling system 

and a master computer controls both NC machines and 

material handling system. 

The primary goal of any manufacturing industry is 

to achieve a high level of throughput, flexibility and system 

utilization. System utilization computed as a percentage of 

the available hours (Number of the machines available for 

production multiplied by the number of working hours), it can 

be increased by changing in plant layout, by reducing transfer 

time between two stations and throughput, defined as the 

number of parts produced by the last machine of a 

manufacturing system over a given period of time. If the no 

of parts increases throughput also increases and also system 

utilization increases.  

Flexible manufacturing system consist following 

components 

 The components of FMS include: 

1) Workstations: 

Workstation consist computer numerical controlled machines 

that perform various operations on group of parts. FMS also 

includes other work station like inspection stations, assembly 

works and sheet metal presses. 

2) Material Handling & Storage Systems: 

Work parts and subassembly parts between the processing 

stations are transferred by various automated material 

handling systems. Many automated material handling devices 

are used in flexible manufacturing system like automated 

guided vehicle, conveyors, etc. there are two types of material 

handling system 

a) Primary: It establishes the basic layout of the FMS 

and is responsible for moving work parts between stations in 

the system. 

b) Secondary: It consists of transfer devices, automatic 

pallet changing and similar mechanisms located at the 

workstations. 

3) Computer control system:  

It uses a distributed computer system that is interfaced with 

all workstations in the system as well as with the MHS and 

other hardware components. 

4) People:  

They are required to manage and operate the systems. 

 
Fig. 1.1: Flexible manufacturing system configuration 
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B. Robot centered FMS layout: 

Robot centred cell is a relatively new form of flexible system 

in which one or more robots are used as the material handling 

systems. Industrial robots can be equipped with grippers that 

make them well suited for handling of rotational parts. 

Robot-centered cell is one of the commonly used 

layouts in the industrial applications. In this arrangement, a 

single robot will be incorporated at the center of the work cell 

for performing operations on several machines that are set in 

a semi-circle form. This type of work cell is shown in the 

below figure. 

 
Fig. 1.3: Robot centered FMS layout 

This arrangement was organized because in 1960’s a 

single robot was used to perform only one function, either 

carrying out a production process or examining a production 

machine. Those times, the robots were mostly employed in 

several operations like die casting, loading and unloading of 

parts, etc. where the usage of robots was very low when 

compared with the machine usage times. 

This inequity in performance was highly occurred in 

the metal machining operations. During this process, a robot 

remains inactive for a longer period. As a result, robot-

centered cell was introduced to maximize the usage of robots. 

The FMS system available in college and the one we 

are studying in detail about i.e. the MTAB- FMS System is a 

robot-centered type of layout as shown in figure 1.4 

 
Fig. 1.4: Robot centered FMS layout of MTAB-FMS 

System 

C. Technical Specifications of loading/unloading arm: 

1) Description for Lathe Arm:  

For XLTURN, MTAB provides a 2-axis loading/unloading 

device /arm for material handling and integrated with the 

machine. It is a pneumatic manipulator that is capable of 

loading pallet into the chuck and vice versa. 

– No. of Axes 2 

– Type Pneumatic Actuator Manipulator with Gripper 

– Control Cell Controller, PLC based HMI or SCADA 

2) Description for Mill Arm: 

For XLMILL, MTAB provides a 3-axis loading/unloading 

device/arm for material handling and integrated with the 

machine. It is a pneumatic manipulator that is capable of 

loading pallet into the chuck and vice versa. 

 No. of axes 3 

 Type Pneumatic Actuator Manipulator with   Gripper 

 Gripper 3-finger gripper 

 Control Cell Controller, PLC based HMI or SCADA 

 
Fig. 1.5(a): 2-Axes arm for Lathe            

 
Fig. 1.5(b): 3-axes arm for Mill 

D. Importance of the project area: 

 Lead time is the major problem in industries. 

 Time limitation is also a hurdle for the industries. 

 Correct loading of the arm requires prior knowledge of 

the payload capacity of the arm. 

 Vibrations also account for the changes in the payload 

capacity. 

       These problems will be solved by knowing the 

maximum load a 2-axes robotic arm in use can carry using 

ANSYS to analyze the strength of this loading/unloading 

arm. 
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E. Problem Identification: 

While working on the machine or the assembly line for any 

pick and place task, the main function of the robotic arm is to 

carry the job or the work piece from one assembly line to 

other or from one machine to the assembly line and vice 

versa. But if the arm is made to carry a load higher than what 

it can withstand, there is a chance of creep failure in it which 

will stop the entire assembly line and even obstruct the entire 

flow of process. This will result in economic as well as 

efficiency of the machine.  

Hence, the major identification we require is to get 

a detailed overview of physical characteristics of a 

loading/unloading arm, the point of fracture and the creep 

strength of it and thus preventing its excessive loading while 

in operation. 

These problems will be solved with the help of static 

and vibrational analysis in ANSYS after modeling and 

meshing the arm in CATIA and Hyper Works respectively.  

II. LITERATURE REVIEW 

Abdulziz M. El-Tamimi, et al. [1] says that the relation 

between the components of FMS is very complex. The 

mathematical programming approaches are very difficult to 

solve for very complex system so the simulation of FMS is 

widely used to analyze its performance measures. Also the 

FMS components are very sophisticated and costly. If FMS 

has to be implemented then it is better to analyze its results 

using simulation which involves no loss of money, resource 

and labor time. 

Conclusion: He concludes that FMS being a very 

complex system, it is better to study FMS using aspects such 

as modeling and performance analysis instead of 

mathematical techniques.  

Naveen Kumar Suniya [2] explains how to tackle 

Flexible manufacturing system (FMS) scheduling problems 

which become extremely complex when it comes to 

accommodating frequent variations in the part designs of 

incoming jobs. This paper focuses on scheduling of variety of 

incoming jobs into the system efficiently and maximizing 

system utilization. Jobs have been scheduled according to 

shortest processing time (SPT) rule which is simple, fast, and 

generally a superior rule in terms of minimizing completion 

time through the system and downstream idle time (higher 

resource utilization). Simulation is better than experiment 

with the real world system because the system as yet does not 

exist and experimentation with the system is expensive, too 

time consuming, too dangerous.  

 Conclusion: He concluded that System utilization is 

more affected by demand arrival time and distance preference 

between two stations. For proper system utilization distance 

preference should be smallest. 

Neeraj Nirmal, et al. [3] presents the analysis of 

system performance FMS cell. Initially no material handling 

is provided to the manufacturing system to get an upper 

bound estimate of production output. Next, he explored the 

impact that an automatic guided vehicle (AGV) has on system 

performance with manufacturing system. The final analysis 

is performed in which a conveyor is implemented for the 

material handling. 

 Conclusion: He recommended that a conveyor 

system should be implemented for the material handling. Use 

of AGV in the flexible manufacturing system creates a 

bottleneck which causes a dramatically decrease in the 

production: as compared to a conveyor as the material 

handling system which does not limit the daily production 

output of the manufacturing cell. 

Panagiota Tsarouchi, et al. [4] investigates into the 

use of a dual arm robot system for performing manual 

assembly operations. The investigation is based on a case 

study, originating from the final assembly area of an 

automotive assembly plant. The motivation as well as the 

benefits derived from the employment of a dual arm robot are 

discussed. The station layout, tooling design and robot 

programming are also elaborated. The use of a dual arm robot 

enables the performance of operations that are carried out by 

humans. The results show that this kind of robot is suitable 

for these tasks, as it has control capabilities for the execution 

of both single and bi-manual tasks. The final product quality 

in comparison to the manual assembly line is also an 

important issue that can be achieved through this workstation, 

as a human is more susceptible to making assembly errors.  

Conclusion: This paper has presented an 

investigation on the ways of designing, setting up and 

programming a workstation, encountered in manual assembly 

lines of the automotive industry. The main innovation is the 

introduction of a medium payload dual arm robot. 

Tian Huang, et al. [5] presents an approach for the 

optimal design of a 2-DOF translational pick-and-place 

parallel robot intended for high-speed pick-and-place 

operations. By taking account of the normalized inertial and 

centrifugal forces of a single actuated joint, two global 

dynamic performance indices are proposed for minimization. 

The pressure angles within a limb and between two limbs are 

considered as the kinematic constraints to prevent direct and 

indirect singularities. 

III. 3D MODELING USING CATIA OF TWO AXIS LOADING 

AND UNLOADING ARM: 

 
Fig. 3.1: 3D modeling of loading and unloading arm 
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Fig. 3.2: Drafting of the loading/unloading arm 

IV. MESHING 

Meshing was done using Altair Hyper works. This is because, 

Hyper Works gives us a better boundary meshing and the 

results obtained using it are more accurate. 

 
Fig. 4.1: Meshing of the complete assembly of arm using 

Hyper Works 

V. ANALYSIS 

A. Static Analysis:  

1) Factor of Safety: (load of 3.5kg) 

Here the load applied is 3.5kg or about 35 N. The FOS came 

out to be 0.90356. 

 
Fig. 5.1(a): FOS when a load of 3.5kg was applied 

2) Factor of Safety: (load of 3kg): 

Here the load applied is 3kg or about 30 N.  

 
Fig. 5.1(b): FOS when a load of 3kg was applied 

B. Vibrational Analysis:  

The vibrational analysis was done by keeping the end of the 

base plate fixed and the results were obtained in terms of the 

frequency and the total deformation observed when the 

vibrations are studied along a particular axis. 
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1) Total deformation: (about X axis): 

The maximum frequency which the arm can withstand is near 

about 501Hz at which the deformation is at the maximum of 

91mm. 

 
Fig. 5.2(a): Total deformation about the X-axis 

2) Total deformation: (about Y axis): 

The maximum frequency along Y-axis is 173.37 Hz with a 

deformation value of 29.6mm. 

 
Fig. 5.2(b): Total deformation about the Y-axis 

3) Total deformation: (about Z axis) 

The total deformation along this axis is 30.941mm at a 

frequency of 319.38 Hz.  

 
Fig. 5.3(c): Total deformation about the Z-axis 

VI. CONCLUSIONS AND FUTURE SCOPE: 

A. Conclusion:  

 The maximum load which the 2-axes loading/unloading 

arm of this FMS system can withstand is 3kgs i.e. the 

payload capacity is 3kgs or 30N. 

 The failure of the arm is most probably to occur because 

of twisting along the X-axis. 

 We can increase the payload capacity by changing the 

material of the arm or the gripper. 

 Using mild steel or a structural steel gripper is more 

preferable as compared to the aluminum alloy grippers 

used. 

B. Future Scope: 

The scope of the study is to get a more detailed overview 

about the physical characteristics of a loading/unloading arm, 

the point of fracture and the creep strength of this arm of FMS 

setup. This will prevent the overloading of the arm and thus 

preventing its failure while in use. Thus reducing the change 

over time and increasing the efficiency of the machine. 
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