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Abstract - This research presents behavior and performance of a six degree of freedom (DOF) robotic arm by using 
simulation through Autodesk Inventor. A 3D model of the manipulator was built; with a total workspace of 690 mm to carry 
a maximum payload of 200 g. Dynamic simulations are carried out on the model to examine the properties such as torque 
variation at the joints, speed, and trajectory of the manipulator. The simulation result showed that the manipulator has 
expected responses similar to a physical model. Maximum velocity of end effector is 0.6 m/s and acceleration of 0.59 m/s2. 
In the stress analysis, maximum Von-Mises stress was seen in the base which is equal to 14.91 MPa. This simulation method 
will reduce the need for testing on physical systems as long as the model sufficiently represents robotic arm to be built. 
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I. INTRODUCTION 
 
Robotics is a field of modern technology that crosses 
traditional engineering boundaries. Robot Institute of 
America (RIA) defined a robot as a reprogrammable 
multifunctional manipulator designed to move 
materials, parts, tools, or specialized devices through 
variables programmed motions for the performance 
of a variety of tasks. The basic components of a robot 
system are the mechanical linkage which consists of 
links, joints and end-effector, motors, sensors, 
controllers, user interface, and power conversion unit. 
Robots can be classified according to various criteria, 
such as degrees of freedom, kinematic structure, drive 
technology, workspace geometry, motion 
characteristics and control [9].  
 
In this paper the model robot manipulator arm is six 
DOF robotic arm. The number of joints present in the 
arm indicates the Degrees of Freedom. Here six DOF 
means robot arm contains six joints. These joints are 
of two types, revolute or rotatory joints and prismatic 
or sliding joints. This articulated robot have six 
revolute joints. It most closely resembles the anatomy 
of the human arm.  
 
Dynamic analysis involves either force or motion 
analysis or both. Whereas force analysis attempts to 
find the driving and reactive forces for given input 
motion, the motion analysis obtains system’s 
configuration under the input forces. Force analysis 
helps in design and control of robotic systems, 
whereas motion analysis allows one to study and test 
a design virtually without really building a real 
prototype and is called “virtual prototyping.” 
 
Autodesk Inventor is a comprehensive modeling 
system that allows complex assemblies to be created 
from individual part models during the design 
process. It has great advantage in that its assembly 
modeling process allows the design team to ensure 

that all parts fit together and function as intended. 
Also, as a result of this process, the mechanical 
properties of the individual parts and the overall 
assembly are available to use for simulation. 
Dynamic Simulation in Inventor provides a tool for 
computing the dynamic motion and associated 
constraint forces in mechanical assemblies, and is 
associative, that is part and constraint information is 
automatically updated when changes are made to the 
assembly [1]. 

 
Fig.1. Schematic of a Six DOF Articulated Robot 

 
II. MACHINE DESIGN  
 
The machine design of the robot arm is based on 
arobot manipulator with similar functions to a human 
arm.Fig.1. shows schematic of a six DOF articulated 
robot arm [9]. The links of such a manipulator are 
connected by joints allow ingrotational motion and 
the links of the manipulator is considered to form a 
kinematic chain. 
 
Types of motors used and lengths of links directly 
influence the work region. According to the design, 
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servo motors are chosen to drive revolute joints of the 
roboticarm. The mechanical design was limited to six 
DOF mainly because that such a design allows most 
of the necessary movements and keeps the costs and 
the complexity of the robot competitively. 
 
The major material of the robotic arm is structural 
material of linkages. To select the structural material 
of linkages, it is necessary not to be overly heavy. 
Additionally, ease of manufacturing is important, as 
the linkages are to be custom built. Aluminum 6061 
is selected as the structure material of linkages. 
 
Motors are the major components of the robotic arm 
that converts electrical power to mechanical power, 
that is, for arm’s motion [10]. The selection of motors 
is depending on the degree of freedom, arm weight, 
payload, linkage length and power available. 
Selecting suitable motor for the application is crucial 
in the design stage which decision is based on torque 
and the speed of the motor. Force calculation of joint 
ensure that the motor chosen can support the weight 
of the robotic arm and also the load which need to be 
carried [6]. The specifications of articulated robotic 
arm data areas shown in Table 1. 

 
Table 1: Specification of Articulated Robotic Arm 

Quality Symbols Values Un
its 

Density 
(Aluminum) 

ρ 2700 kg/
m3 

Thickness t 0.002 m 

Height h 0.075 m 

Maximum pay 
load 

P 200 g 

Weight of motor 
for shoulder, 

elbow and wrist 

WS, WE, 
Wm1,Wm2, 

Wm3 

0.61 N 

Weight of motor 
for end-effector 

Wm4 0.38 N 

 
2.1. Calculation of Weight of the Robotic Arm 
The weight of each link of the robotic arm can be 
calculated with steps by using following equations. 
Firstly, the areas of each link of the robotic arm has to 
be determined. Then, the volumes of each link of the 
robotic arm are also be found from their areas. The 
specific weight of each link can be known by the 
density of the material [4]. Finally, weight of each 
link of the robotic arm can be calculated. 
i. Area of each link of the robotic arm, 

A = t × h (1) 
ii. Volume of each link of the robotic arm, 

V = A ×L(2) 

iii. Specific weight of each link of the robotic arm, 
γ = ρ ×g (3) 
 

iv. Weight of each link of the robotic arm, 
W = γ ×V (4) 
 

v. Distributed weight of each link robotic arm, 
Wω
L

                      (5) 

 
2.2. Calculation of Torque of the Robotic Arm 
Torque is the tendency of force to rotate an object 
about an axis. Mathematically, torque is defined as 
the cross product of the lever-arm distance and force, 
which tends to produce rotation [6]. Similarly, 
performing the sum of moments around point B, 
point C,point D,point E and point F to obtain the 
torque in B, C, D, E and F respectively. The 
calculation of force is considered on the robotic arm 
at home position and the force diagram used for 
torque calculations is shown in Fig.2. 

 
Fig.2. Loading and Moments on Joints 

 
2.3. Calculation of Bending Stress of the Robotic 

Arm 
The following figure shows the shear force 
andbending moment diagram of the robotic arm. 

 
Fig.3. Shear Force and Bending Moment Diagram of Robotic 

Arm 
 

Table 2: Result Table for Weight, Shear Force and Bending 
Moment of Robotic Arm 

Parameter Unit For 
link 
AB 

For 
link 
BC 

For 
link 
CD 

For 
link 
DE 

For 
link 
EF 

Area 
(103) 

mm2 26.92 
 

43.73 
 

57.85 
 

100.20 
 

79.21 
 

Volume 
(103) 

mm3 63.10 
 

42.77 
 

56.57 
 

144.39 
 

77.12 
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Specific 
Weight 

N/m
3 

26487 2648
7 

26487 26487 2648
7 

Distribute
d Weight 

N/m 6.57 11.28 12.51 17.39 13.60 

Shear 
Force 

N 2.94 
 

4.68 6.72 11.23 13.26 

Bending 
Moment 

N-m 0.23 0.58 1.23 3.14 4.75 

 
III. DYNAMIC ANALYSIS OF ROBOTIC ARM 
 
Robot design consideration is used to build a virtual 
prototype of the robotic arm in Autodesk Inventor 
professional 2018 Fig.4shows six DOF robotic arm 
by using Autodesk Inventor.  

 
Fig.4. CAD Model of the 6 DOF Robotic Arm 

 
3.1. Variation of Velocity, Acceleration and 

Torque at each joint 
To simulate the robotic arm, the Autodesk Inventor 
dynamic simulation environment is used. The 
displacement of the robotic arm joints is simulated at 
constant velocity, attaching the maximum payload of 
200 g together with weight of the end effector at the 
wrist, and weight of the motor at each joint to 
examine the dynamic properties of the robotic arm 
[3]. 

 
Fig.5. Trajectory Tracking of Robotic Arm  

The simulation is also used to track the trajectory of 
the wrist as the robotic arm stretches out from the 
home position to the maximum reach. This is useful 
in motion planning of the robotic arm; enabling us to 
see the path of the end effector when the robotic arm 

is being manipulated. 

 
Fig.6. Variation of Velocity and Acceleration with Time 

Changes during Simulation 
 

Fig.6 shows the variation of the velocity and 
acceleration of the end effector with time changes. 
Maximum velocity and acceleration of the end 
effector is 0.6m/s and 0.59m/s2 respectively. Fig.7 
shows the variation of joint torques with time during 
simulation. It is importance to know the torques of 
each joint that will drive the robotic arm. 

 
Fig.7. Variation of Torques in each joint with Time during 

Simulation 
 

Table 3: Joint Simulation Result 
Joint Velocity 

(deg/sec) 
Max. 
Dynamic 
Torque 
(N.mm)(103) 

Calculated 
Static Torque 
(N.mm)(103) 

1 54 4.58 - 
2 12 4.54 4.76 
3 18 2.74 3.15 
4 6 0.86 1.23 
5 6 0.45 0.58 
6 54 0.18 0.23 

 
3.2. Motion Load Analysis 
With Autodesk Inventor, stress analysis of the robotic 
arm is carried out when subjected to simulated 
dynamic conditions. Currently, robotic armis 
investigated the motion load analysis in the links 
when the torques at the joints is at the maximum.The 
generated mesh is done by fine position to obtain the 
good quality of mesh.Figures 8 to 12 show the result 
of the motion load analysis on the links of the robotic 
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arm.  

 
Fig.8. Motion Load Analysis on Base showing Von-Mises Stress 
 
The motion load analysis on base at Von-Mises stress 
is shown in Fig.8. The magnitude of maximum stress 
is 14.91 MPa which occur the bottom of the base. 

 

 
Fig.9. Motion Load Analysis on Link EF showing Von-Mises 

Stress 
The motion load analysis on link EFat Von-Mises 
stress is shown in Fig.9. The magnitude of maximum 
stress is 1.74 MPa which occur at the contact 
joint.The motion load analysis on link DEat Von-
Mises stress is shown in Fig.10. The magnitude of 
maximum stress is 0.69 MPa which occur at the 
contact joint. 

 
Fig.10. Motion Load Analysis on Link DE showing Von-Mises 

Stress 

 
Fig.11. Motion Load Analysis on Link DC showing Von-Mises 

Stress 
 
The motion load analysis on link DCat Von-Mises 
stress is shown in Fig.11. The magnitude of 
maximum stress is 0.34 MPa which occur at the 
contact joint. 
 

 
Fig.12. Motion Load Analysis on Link BC showing Von-Mises 

Stress 
 

The motion load analysis on link BCat Von-Mises 
stress is shown in Fig.12. The magnitude of 
maximum stress is 5.14 MPa which occur at the 
contact point. 
 
The results presented shows that the robotic arm is 
capable and rigid enough to carry the maximum 
payload. The maximum Von-Mises stress can be seen 
in the base which is equal to 14.91 MPa. This value is 
below the yield strength for Aluminum 6061 which is 
275 MPa, so that the selected material can be safe for 
our design. 
 
CONCLUSIONS 
 
Dynamic simulation of the robotic arm as carried out 
to analyze velocity, acceleration and the torque 
variation of the joints on the robotic arm. The 
simulation therefore gives us the variation of the joint 
torques with time at constant joint velocities; results 
are shown in Fig.7 and Table 3. This will assist in the 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-4, Issue-5, May-2018 
http://iraj.in 

Dynamic Simulation and Motion Analysis of Six DOF Articulated Robotic Arm 
 

17 

selection of appropriate actuators for the fabrication 
of the robotic arm. The simulation was used to 
analyze the torque variation at the joints, the motion 
loads and stresses on the links of the robotic arm. 
Simulation results indicate that the robot arm system 
has preferable response characteristics, and is capable 
of carrying the proposed payload. Therefore, the 
simulation method we have presented will help to 
reduce cost and minimize errors in the physical 
development of the robotic arms. 
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Nomenclatures 
A– area of the respective link (mm2) 
t – thickness of the respective link (mm) 
 h– height of the respective link (mm) 
V – volume of the respective link (mm3) 
L – length of the respective link (mm) 
γ – specific weight of the link (N/ mm3) 
ρ– density of Aluminum (kg / m3) 
g– acceleration due to gravity (m2 /s) 
W –weight of the respective link (N) 
γ – specific weight of the link (N/ m3) 
ω – distributed weight of each link (N/m)  

 
 
 
 
 
 

 
 


