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Abstract— Robots are springing up everywhere like 

mushrooms having found a steady hold in the production 

industry. Not only do they increase the productivity and 

efficiency of the system, but they also improve the accuracy 

and the uniformity of the products. They are a sign of an ever 

developing technology. One of the most important 

indications would be the Gesture Controlled Mechanical 

Arm.   The main objective of this project is to control and 

direct the actions and the motions of the Arm by the mere 

gestures of a human hand. The project is mainly intended to 

be used in remote hazardous areas which pose threats to the 

wellbeing of the workers. In addition to increasing the safety, 

it also ensures greater load carrying capacity with respect to 

that of a human hand and greater flexibility. Finally, its 

analysis is carried out to reaffirm its safety. 
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I. LITERATURE REVIEW 

In this project, we aim to fuse the fundamentals of 

mechanical systems with the wonders of robotics to develop 

a technological phenomenon that promises to be of utmost 

significance. One of the key benefiting factors in the 

advancement of modern electronics is the availability of 

Arduino which makes it possible to control the Arm using 

potentiometers. A restriction is balancing and the vibrations 

produced in the motors. We propose to design and build a 

mechanical arm anatomically similar to that of a human 

hand. It would then be controlled by the worker’s hand 

gestures to carry out any task at considerable distance from 

him, one that involves handling heavy loads or lethal 

working conditions. 

II. INTRODUCTION 

A mechanical arm is usually programmable, with similar 

functions to a human arm; the arm may be the sum total of 

the mechanism or may be part of a more complex robot. The 

links of such an Arm are connected by joints allowing either 

rotational motion or translational displacement. The links of 

the Arm can be considered to form a kinematic chain. The 

terminus of the kinematic chain of the Arm is called the end 

effector and it is analogous to the human hand.  

In industries, it isn’t always necessary that things 

will go as planned. There might be a sudden change in the 

working conditions which might require a little bit of 

deviation from the usual modus operandi. Moreover, when it 

comes to industries, another problem very frequently faced 

is the perilous nature of the work zone. This means seldom 

visits to these zones; or worse, frequent but life threatening 

stopovers. Therefore, there is an urgent need tackle these 

obvious complications in order to increase productivity and 

efficiency. To increase the use of robots where conditions 

are not certain such as firefighting or rescue operations, we 

can make robots which follow the instructions of human 

operator and perform that task. The most obvious and 

efficient way of achieving this would be if we were to 

cultivate a method to relay our intentions and actions to the 

robot.  In this way, decisions are taken according to the 

working conditions by the operator and the task is 

performed by the robots. Thus, these robots can be 

effectively used to perform those tasks which may prove to 

be harmful to human beings. 

III. EXPERIMENTAL SETUP 

A. Components of Mechanical ARM 

 Base Plate: Base plate is used for supporting the whole 

assembly. As the complete structure is supported by 

this base plate, it is designed considering the center of 

gravity of assembly.   

 Column: This column is mounted on base plate. The 

column moves about the vertical axis and is 

responsible for the rotational movement of mechanical 

arm.   

 Beams: Beams are used in links to lift object and 

control motion. Beams are hinged on column using 

pins so that they can move in order to adjust their 

position for picking up object.  

 Bowden Cable: A Bowden cable is a type of flexible 

cable used to transmit mechanical force or energy by 

the movement of an inner cable relative to hollow 

outer cable housing. It is used to transmit force and 

controlled motion from motor to finger.  

 Joints: The joints used for connecting the links are 

hinge joints as they can allow the movement of links.   

 Clamp: Clamps are used for holding the object. The 

material used is Aluminum alloy. Clamp can rotate in 

180 degree for lifting the object.   

 Rubber pads: Rubber pads are used at the end of 

clamps for having proper grip over the object. They are 

attached along the surface of the clamp.  

 Accelerometer: Here we use an accelerometer designed 

by Free scale Semiconductors. The MMA7361L is a 

low power, low profile capacitive micro-machined 

accelerometer featuring signal conditioning, a 1-pole 

low pass filter, temperature compensation, self-test, 

0g-Detect which detects linear free fall, and g-Select 

which allows for the selection between 2 sensitivities.  

 Servo Motors: Servo motors are a type of 

electromechanical actuators that do not rotate 

continuously like DC/AC or stepper motors; rather, 

they are used to position and hold some object. 
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B. Arm Assembly: 

 
Fig. 1 Arm Assembly 

IV. DESIGN AND CALCULATIONS 

A. Material Selection: 

Aluminum 6061 – T6; 6061- T651 

Subcategory: 6000 Series Aluminum Alloy; Aluminum 

Alloy; Metal; Nonferrous Metal  

B. Material Notes: 

It has excellent joining characteristics, good acceptance of 

applied coatings combined with relatively high strength, 

good workability and high resistance to corrosion. 

C. Physical properties: 

Density-2.7g/cc 

Ultimate Tensile Strength-310MPa 

Modulus of Elasticity-68.9GPa 

Shear Modulus-26GPa 

Shear Strength-207MPa 

Total weight lifting capacity= 30 Kg 

D. Design of Clamps: 

It consist of two fingers 

Hence, force is distributed in two fingers. 

Therefore vertical force on each finger = 
300

2
=150N 

Rubber padding on gripping areas with coefficient of 

friction (µ = 0.9) 

Normal reaction force, FN= 
𝐹

µ
 = 

150

0.9
 = 166.67N 

1) Case 1: Both fingers are in horizontal plane 

 
Fig. 2: Top View of Clamp 

Considering total length of finger = 200mm 

a) Check for Bending Failure: 

Bending due to Normal reaction force (Fn) 

σ1=
M x

b

2
𝑏4

12

 

σ1= 30.22 N/ 𝑚𝑚2 

Bending due to vertical force  

σ1= 26.66 N/ 𝑚𝑚2 

Total bending stress = 56.83 N/ 𝑚𝑚2 

b) Check for shear failure  

σ(shear) = 
Fr

A
 = 1.007 N/ 𝑚𝑚2 

σ( resultant)    =√σ(shear)2 + σ(bending)2 

= 27 N/ 𝑚𝑚2 

σ(resultant)  ˂ [σ y] 

SAFE 

2) Case 2: Fingers in vertical plane 

a) Check for Bending: 

σ( bending)= 
150 × 58 × 6

15
 = 15.5 Mpa 

σ( tensile) =  0.66 N/ 𝑚𝑚2 

σ( resultant) = 16.2 N/ 𝑚𝑚2˂ 92 N/ 𝑚𝑚2 

SAFE 

3) Case 3:  Fingers In Vertical Plane  

σb =   
𝑀

  𝑏3 × σ 

        = 53.33 N/ 𝑚𝑚2  ˂ 92 N/ 𝑚𝑚2 

SAFE 

E. Design of lever: length = 50 mm 

σ max =   
𝑀

  𝑏3 x σ = 53.33 N/ 𝑚𝑚2 

Force is transmitted to fingers lever using Bowden Cable 

used in Bicycle cable  

To increase torque output: length of lever = 50 mm 

Using motor of torque 19000 N-mm; Weight of Motor = 8.4 

Kg  

F. Design of Wrist 

Clamps are held in C- section using pin. 

 
Fig. 3: Wrist 

Total height = Height of fingers + thickness of fingers + 

washer 

= 10+10+15+10 =45 mm 

Width= 40 mm 

Length = 155 mm 

Weight of wrist assembly = weight of fingers + weight of C 

section 

= 845 gm 

Wrist motor selection:   T85 H80-4208 

G. Design of Beams  

Design of link wrist to elbow: 

Weight of farthest point including weight of link= 350 N 

Designing for bending stress: 

Section modulus Z =1141.3 𝑚𝑚3= 0.069 𝑖𝑛3 

Selecting Aluminium I-section 
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Fig. 4: I-Section of links 

Weight of I-section for length 300 mm = 733 gm 

H. Design of hinge 

Diameter of pin ˃ 3 mm 

 
Fig. 5: Exploded View of Hinge Joint  

I. Design of lever 3 

Z =
𝑀

𝜎
 1141.3 mm3 

b = 18.99 mm 

Torque for link 3 = 350 x 300 = 10500 N-mm 

Motor torque = 19000 N-mm  

Required reduction ratio = 5.5 

Length of lever = 25 x 5.5 =138 mm 

Square section of side = 20 mm 

J. Design Of Link Elbow-Shoulder: 

M = 350 x 600 + 7.33 x 150 = 205 N-m 

Z =
𝑀

𝜎
=0.14 𝑖𝑛𝑐ℎ3 ˂  1.49 𝑖𝑛𝑐ℎ3 

SAFE 

K. Design Of Lever Elbow-Shoulder: 

Torque in link 4 =211100 N-mm 

Torque in motor = 38000 N-mm 

Therefore, required reduction ratio = 5.55 

Length of lever = 25 x 5.55 = 139 mm 

L. Designing column for weight of 300 N 

Fcr =  
𝑟2×𝐸

(
𝐿𝑒

𝑘
)2

 

Pe =
𝑟2×𝐸×𝐼

(𝐿𝑒)2  =
500×𝑟2×(69×109)×𝐼

2×1.22  

I= 4.229 x  10−9  𝑚4 

= 4229.05 𝑚𝑚4 = 166.49 𝑖𝑛𝑐ℎ4 

I =3957.06  mm4 

Assuming height of column = 400 mm 

For areas in full extended position maximum reach =    

√6202 − 4002 
= 473 mm 

1) Weight distribution: Considering most unstable situation 

Description Quantity 

Horizontal 

distance from 

column (mm) 

X 

Vertical 

distance 

from base 

(mm) 

Y 

Wrist + 

object 

+motor 

350 600 473 

Link wrist-

elbow 
9 450 473 

Link elbow-

shoulder 
10 150 473 

Column 44.4 0 236.5 

Motor 180 0 400 

Motor 230 0 0 

Base Bearing 10 0 0 

Table 1: Weight Distribution 

X=261.78 mm 

Y=312.16mm 

M. Design of Base Plate 

Dimensions: Radius 270 mm  

At height of: 200 mm—according to length of motor 

Weight on 4 legs = 927N 

Weight on each leg = 
927

2
 = 464 N (In worst case situation) 

Materials: C-45 

To avoid buckling    
𝑙

𝑑
= 3 

Therefore,  

d= 
200

3
 = 67 mm 

V. RESULTS AND DISCUSSION 

1) Reduce the fatigue caused to humans due to the 

repetitive lifting heavy objects  

2) Each component is designed such that the whole 

assembly can lift a weight of up to 30 Kg.   

3) Improve safety of workers in possible hazardous 

regions by distant gesture controlling. 

4) Amount of load that can be handled by each worker is 

greater. 

VI. CONCLUSIONS 

The objectives of this project has been achieved which was 

developing the hardware and software for an accelerometer 

controlled robotic arm. From observation that has been 

made, it clearly shows that its movement is precise, 

accurate, and is easy to control and user friendly to use. The 

mechanical arm has been developed successfully as the 

movement of the arm can be controlled precisely. This 

mechanical arm control method is expected to overcome the 

problem such as placing or picking object that is very far 

away from the user or is placed in a hazardous region, in a 

very fast and easy manner. 
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