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Abstract— Robot is a machine to execute different task 

repeatedly with high precision. Thereby many functions like 

collecting information and studies about the hazardous sites 

which is too risky to send human inside. Robots are used to 

reduce the human interference nearly 50 percent. Robots are 

used in different types like fire-fighting robot, metal detecting 

robot, etc. Robot manufacturers are today experiencing ever 

increasing competition in a global market. Thus we are 

developing the atomization in robotic arm for 10kg payload 

by the mean of reducing the material and excessive parts. This 

research paper contains the data accumulation, Calculation, 

and analysis results part of the project. 
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I. INTRODUCTION 

A robotic arm is a robotic manipulator, usually 

programmable, with similar functions to a human arm. The 

links of such a manipulator are connected by joints allowing 

either rotational motion or translational displacement. The 

links of the manipulator can be considered to form a 

kinematic chainman robot may be designed to perform any 

desired task such as welding, gripping, spinning etc., 

depending on the application. For example robot arms in 

automotive assembly lines perform a variety of tasks such as 

welding and parts rotation and placement during assembly. A 

rotation of 99 degrees is given to the robot arm in a minimum 

time (.02seconds) by supplying power to the robot arm using 

a switch. Further the arm will settle down with critical 

damping to an angle of 90degrees. The FE modal analysis has 

been performed for the robotic arm to find the natural 

frequency. Transient analysis is performed to note the 

displacement, velocity and accelerations during its Motion. 

However, the use of feedback can lead to an unstable system 

whose output may oscillate or even go to infinity with a small 

input signal. Stability determination is therefore an important 

design consideration. One specification for absolute stability 

requires that the poles of the transfer function must be in the 

left half of the s-plane. Absolute stability, often specified in 

the frequency domain, is essential and necessary but not 

sufficient. 

II. FORMULATION OF DESIGN PROBLEM 

For formulating the design problem let we consider a drive 

train model for the single joint and for the harmonic drive 

gearbox, the gear efficiency varies depending on the output 

torque.  With the inertia of motor and gear, the required motor 

torque for the ith joint is derived as 

 
Fig. 1: Schematic view of drive train model for single joint 

 
Where I is the gear ratio. 

Jg is the gear inertia with respect to the input motor 

axis  

Jm is the motor inertia  

g is the gear efficiency 

III. DATA ACCUMULATION 

A. Case 1 

Arm3, 

Weight of arm = 39.25 kg 

Weight to be lifted=10 kg 

Length= 0.6 m 

Total weight= 39.25+10 = 49.25 kg 

Force= 49.25 × 9.81 =483.1 N 

Moment= 483.1 x 0.6 =289.86 N.m = 289860 N.mm 

I=
𝐵𝐷^3

12
 - 

𝑏𝑑^3

12
 = 

155 𝑋 318 ^3

12
 - 

127 𝑋 290^3

12
 = 161314746.7 mm4 

Y= 
318

2
 = 159 mm 

 =
 𝑀 .𝑌

𝐼
 = 

 289860 𝑋 159

161314746.7
 = 0.285 MPA 

 

 

 
Fig. 1: Case 1 

B. Case 2 

Arm2, 

Weight of arm = 126.38 kg 

Weight to be lifted=10 kg 

Length= 0.8 m 

Total weight= 126.38 + 10 = 136.38 kg 

Force= 136.38 × 9.81 = 1337.8 N 

Moment= 1337.8 x 0.8 = 1070.3 N.m = 1070300 

N.mm 

I=
𝐵𝐷^3

12
 - 

𝑏𝑑^3

12
 = 

335 𝑋 250 ^3

12
 - 

272 𝑋 218^3

12
 = 201365991.3 mm4 

Y= 
250

2
 = 125 mm 

 =
 𝑀 .𝑌

𝐼
 = 

 1070300 𝑋 125

201365991.3
 = 0.66 MPA 
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Fig. 2: Case 2 

C. Case 3 

Arm 1, 

Weight of arm = 438.03 kg 

Weight to be lifted=10 kgLength= 1.8 m 

Total weight= 438.03+10 = 448.03 kg 

Force= 448.03 × 9.81 = 4395.17 N 

Moment= 4395.17x 1.8 = 7911.31 N.m = 7911310 

N.mm 

I=
𝐵𝐷^3

12
 - 

𝑏𝑑^3

12
 = 

410 𝑋 475 ^3

12
 - 

365 𝑋 430^3

12
 = 1243367813 mm4 

Y= 
475

2
 = 237.5 mm 

 =
 𝑀 .𝑌

𝐼
 = 

 7911310 𝑋 237.5

1243367813
 = 1.51 MPA 

 
Fig. 3: Case 3 

D. Case 4 

Shaft, 

Weight to be lifted=10 kg 

Length= 0.275 m 

Force= 10 × 9.81 = 98.1 N 

Moment=98.1 x 0.275 = 27 N.m = 27000 N.mm 

I=
 𝐷^4

64
 I=

3.14 𝑋 36 ^4

64
 = 82447.9 mm4 

Y= 
36

2
 = 18 mm 

 =
 𝑀 .𝑌

𝐼
 = 

 27000 𝑋 18

82447.9
 = 5.89 MPA 

 

 
Fig. 4: Case 4 

IV. CAD MODELING OF ROBOTIC ARM 

 

 
Fig. 5: CAD Modeling of Robotic Arm 

V. FE MODELING 

 
Fig. 6: FE Modeling 

VI. BOUNDARY CONDITIONS 

A. Constraints 

 
Fig. 7: Constraints 

B. Forces 

 
Fig. 8: Forces 
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VII. FEA (STATIC) 

Big arm making 45 angle with horizontal and angle between 

big and small link is 117 degree. Where clamping arm making 

angle of 122 degrees with small arm 

 
Fig. 9: FEA (Static) 

All arms at zero angle with horizontal axis 

 
Fig. 10: FEA (Static) 

Big arm making 45 angle with horizontal and angle 

between big and small link is 117 degree. Where clamping 

arm making angle of 122 degrees with small arm 

 
Fig. 11: FEA (Static) 

Big arm making 45 angle with horizontal and angle 

between big and small link is 117 degree. Where clamping 

arm making angle of 122 degrees with small arm 

 
Fig. 12: FEA (Static) 

VIII. MODIFICATION 

 
Fig. 13: Modification 

IX. BOUNDARY CONDITIONS 

A. Constraints 

 
Fig. 14: Constraints 

B. Forces 

 
Fig. 15: Forces 

X. FEA (STATIC) 

Big arm making 45 angle with horizontal and angle between 

big and small link is 117 degree. Where clamping arm making 

angle of 122 degrees with small arm. 

 
Fig. 16: FEA (Static) 

All arms at zero angle with horizontal axis 

 
Fig. 17: FEA (Static) 

Big arm making 45 angle with horizontal and angle 

between big and small link is 117 degree. Where clamping 

arm making angle of 122 degrees with small arm 

 
Fig. 18: FEA (Static) 
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Big arm making 45 angle with horizontal and angle 

between big and small link is 117 degree. Where clamping 

arm making angle of 122 degrees with small arm 

 
Fig. 19: FEA (Static) 

XI. RESULTS AND DISCUSSION 

At first, a careful study of the Robotic arm carried out so as 

to get a better understanding of the problem. After that, 

suitable designs that could serve the purpose were selected 

from existing standard designs. To find the Displacement and 

Stress, a Linear Static analysis was carried out. After this step 

design of optimization is performed by changing the design 

and removing excessive material. Again static analysis 

carried out to check the modified design for presence of stress 

in Robotic arm and the results were noted. 

A. Existing Result Table 

 
Table 1: Existing Result Table: 

B. Modified Result Table 

 
Table 2: Modified Result Table 

XII. CONCLUSION 

Thus the aim for the atomization in robotic arm for 10kg 

payload by the mean of reducing the material and excessive 

parts were developed. 

Actual movement of arm in forward and reverse 

position isn’t disturbing the equilibrium of robot. The 

maximum payload for this robotic arm is 100N (10kg).If we 

apply this load to full arm, it deflects but does not break. So 

design is safe for given maximum payload. If we apply the 

same load to individual parts, they also deflect but do not 

break. So design is safe for given maximum payload. 
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