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Abstract - The main object of this report is to study and analyze the evolution of Robotic grippers and its categorization 
based upon the usage. The evolution of the grippers needs to be properly studied and analyzed so as to draw conclusions on 
future applications of the grippers in different fields as well as to categorize them according to the industry where they need 
to be employed. Its types including Servo Grippers, Universal Grippers and Pneumatic Grippers have made headlines today 
for their breathtakingly innovative applications in areas like prosthetics, high risk medical surgeries, automobile industry and 
space travel. The end effector must be designed for a specific application. Tasks that appear simple to humans, such as 
picking up objects of different shape and sizes, can be extremely complicated for robots. Hence, a proper research on the 
evolution and classification of robotic grippers ought to be done, in order to realize the full potential of robotic technology. 
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I. INTRODUCTION  
 
A robotic gripper is basically an end of arm tool, used 
as a part of the robotic manipulator to perform 
various humanoid activities including picking up 
objects, pushing or pulling items or performing 
specialized tasks. They have a distinct advantage over 
humans because they can be used for handling much 
heavier weights, performing intricate operations like 
medical surgeries or repeating the same tasks 
innumerable times. The current innovation in the 
robotic field has led to the use of robotic gripper as a 
multipurpose tool. [1] The project is aimed to study 
the evolution of robotic grippers, its categorization 
based upon usage in different fields, and its 
advantages. The design of the gripper also needs to 
be studied thoroughly while working on its    
evolution phase. 
 
II. GRIPPER DESIGN 
 
To simplify the overall robot system assembly and   
increases the overall system reliability, proper gripper 
design is an important criterion. It also decreases the 
cost of implementing the system. For an ideal gripper 
design, it should follow the given condition. [1]                                                         
A. Certain factors are to be considered while 
designing and selecting a gripper: 
B.  Gripper should be designed so as to touch the 
surface of the workpiece 
C.  The gripper should hold a large part of workpiece, 
to avoid accidental damage due to slippage 
D. It should have provision to accommodate the 
changed dimension of the workpiece after machining 
process. [2] 
E. It should maintain the workpiece surface scratches  
F. The material of the gripper must not be chemically 
reactive with the workpiece surface 

G. The weight of the gripper also needs to be 
considered. 
H.  It should be able to identify the center of mass 
of any object, so as to provide better gripping. 

 
Figure 1: Processes of Gripper Design 

 
A. STRUCTURE 
The structure of a robotic hand can be categorized 
into 3 parts: 
 
I. Fingers – Each finger is also sub divided into 3 
parts: Upper Part, finger holding mechanism and the 
lower part.  The upper parts is further divided into 
solid, shaft and pulley. The lower part is formed by 
pulley, helical gear, shaft and solid.  Basically, there 
are 2 shafts. The upper shaft connects upper and 
lower part together. The other shaft connects the 
lower part with finger holder. The base is connected 
to the finger holder. [3] 
II. Base - The base of a robotic gripper consists of 
motors, support shafts, palm, worm gear, rods and 
gears (planetary). 
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III. Driving Mechanism - The robotic arm has a two 
joint driving mechanism (lower and upper joint). The 
pulleys and driving belt are the main components of 
the upper driving mechanism. For the lower joint, 
gears are the prime driving mechanism. DC motor is 
used to manipulate the movement of the three fingers, 
thus acting as an actuator.  Also, the radius ratio of 
lower to upper pulley is maintained at 1:2. Hence, the 
upper pulley completes 2 revolutions in the same 
time, compared to the 1 revolution of the lower 
pulley, thereby providing more degrees for proper 
rotation.  [4] 

 
Figure 2: Structure of a Robotic Gripper 

 
III.  TYPES 
  
Robotic grippers are the hands of a robot, providing it 
with holding capacities, much like a human hand. 
While a human hand has 36 degrees of freedom, a 
robotic gripper usually has about 3-4 degrees of 
freedom. This leads to a restricted motion of the 
gripper [2]. “Hand” are denoted as 100%, a four-
fingered hand has 99% of its ability, a three-fingered 
hand about 90%, and a two-fingered hand 40%. 
[1]Three jaw gripper are mostly used for round parts 
and offer more gripping force with shorter strokes. 
The type of robotic gripper mostly depends upon its 
application. A single gripper has only one holding 
mechanism. A double gripper has a dual holding 
mechanism, each of the two fingers capable of 
independent rotation and movement. The application 
of robotic grippers ranges from operations like 
drilling, CNC, Spot Welding etc. The most commonly 
used three types of robot grippers in industrial 
applications are mechanical, vacuum, and magnetic 
grippers accepted for author photos. [5] 
 
The most common types of Robotic   grippers are:  
  
A. Mechanical Gripper   
A mechanical gripper is an end effector which uses 
mechanical fingers or jaws to perform operations. 
B. Vacuum Gripper  
A vacuum gripper usually works on the principle of 
creation of vacuum through suction of air. 
 
C.  Magnetic Grippers 

These grippers are usually employed to lift ferrous 
components.  
 
D. Universal Gripper 
These are robotic end effectors, which consist of a 
single mass of grainy material encased in an elastic 
membrane which adjusts to the shape of the 
workpiece and creates a vacuum grip. 
 
E. Adhesive Gripper 
It usually employs an adhesive to provide the sticking 
or gripping action.  
 
F. Basic Gripper 
It is an open close gripper, operated by a DC servo 
motor and is equipped with a rotary encoder.  
 
G. Roller Grippers 
It is an alternate form of basic gripper where an 
additional roller fingertips and inner fingers are 
added. It also includes a set of 3 infrared sensors.  
 
H. Pneumatic Grippers 
Pneumatic grippers are actuated by pneumatic circuit 
i.e. by the energy of compressed air. It has three 
major styles, parallel gripper, angular gripper, and 
custom units. 
 
IV. ADVANTAGES 
 
Today, the industrialists and manufacturers are under 
constant pressure to reduce costs, upgrade product 
quality and automate more processes. Robotic 
grippers have a distinct advantage in the context that 
it can be used innumerable times to perform loading 
or lifting activity, without building fatigue. There are 
advantages and disadvantages to each type of robotic 
gripper.  The servo grippers offer high payload to 
weight ratio, coupled with a long stroke. It enables 
handling of different sizes in a compact form factor. 
Accurate finger control allows fast cycle times 
through partial opening/ closing.  The pneumatic 
grippers allow simple translation of power of the 
piston into gripping force. This has proven to be a 
revolutionary step for the manufacturing industry, due 
to the reduced costs. Hydraulic grippers have high 
load carrying capacity, usually around 750 – 2000 
pounds per square inch. This extra grip force has 
allowed handling of heavy loads such as 
transmissions. Two jaw parallel grippers are easy to 
design and operate, since one has to deal with only 
one axis of motion. Three jaw grippes offer more 
degree of freedom over single and two finger 
grippers. [6] 
 
V. EVOLUTION 
 
The robotic gripper revolution began with Victor 
Scheinman, a mechanical engineering undergraduate 
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at Stanford University in the year 1969. The Stanford 
arm was a parallel gripper, fast but having an 
uncontrollable nature.  But it sowed the seed for a 
boom in the robotic arms industry. (Design, 2009) It 
was followed by manufactures and universities 
including Utah, MIT, Barrett Technology, ABB, 
Robonaut, introducing their different variants, each 
having its own USP.  [7] 
 
    The 1960s era focused on grippes equipped with 

DC motors and harmonic drives.  
    During the late 1970s, a variation to the 2 finger 

gripping mechanism came. It was based on the 
lobster claw action, where each of the finger 
would swing on a single pivot point.  

    The 1980s brought with it the Pneumatic and 
Hydraulic gripper 

 
I. Here are the various gripper models from 1960-
2010 period: 
1) STANFORD GRIPPER 
The Stanford gripper, developed at the Machine and 
computer facility of Stanford University, was 
steerable in six degrees of freedom, was fast and 
effective, and equipped with DC electric motors. 
Most of its design elements are used in the present 
generation grippers.  It was originally a two finger 
gripper, whose mechanism got an upgradation to 
lobster claw action in the late 1970s.  [8] 

 
Figure 3: Stanford Gripper 

 
2) BARRETT HAND   
It was a 3 fingered gripper developed in the lab 
facility of Massachusetts Institute of Technology, 
later on licensed to Barrett Technologies Inc.   Its 
features included 180 degrees spinoff, more degrees 
of freedom and came along with embedded servo 
motors and four brushless motors.  
Adapting over its two finger design, Barrett 
Technologies has introduced the BH8 series, having a 
BHControl user interface uses firmware to adapt to a 
particular situation. [9] 

 
Figure 4: Barrett Hand 

 
3) ROBONAUT 
It has been specifically designed by NASA to assist 
astronauts during the extra vehicular activity, better 
known as EVA. Among the other variants, it has the 
closest resemblance to the suited astronaut’s hand. It 
includes a combined or joint travel for wrist pitch and 
yaw, ensuring proper fitting of the hand in a 
pressurized glove.  [10]It has different parts 
specifically made up of materials suiting the pressure 
and temperature conditions during EVA. The material 
used also ensures their habitat contamination free.  It 
has a total of 14 degrees of freedom. The forearm of 
the Robonaut hand holds the motors and drives, 2 
degree freedom hand and wrist, and five fingers 

 
Figure 5: Robonaut 

4) SCHMALZ INC.   
They are the pioneers of air suction grippers. The 
SCG model uses sucking air current to separate sheets 
of foil, each having thickness less than 0.0012 inch. 
The gripper has a large surface area and an integrated 
vacuum boost to prevent the workpieces from getting 
sucked in. Suction grippers have applications in the 
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automobile industry, lifting the doors and 
windshields. Today, the company has expanded to 
other grippers including Wafer grippers, composite 
grippers and feed ejectors.  

 
Figure 6: SCHMALX INC. Gripper 

 
5) DGP 404 – TECHNO SOMMER AUTOMATIC 
The DGP 404 model developed by Techno Sommer 
Automatic is provided with T slots to absorb any 
sudden shocks or forces, can turn parts by both 90 
and 180 degrees. It has a separate pneumatic 
connection that activates finger grasping action. [11] 

 
Figure 7: Techno Sommer Gripper 

 
6) AIRIC ARM 
It is the latest addition to the robotic gripper family, 
developed by the Festo Corp. Festo is already a leader 
in production of liquid muscles for real world uses. 
The AIRIC Arm has 30 pneumatic muscle leverage, 
shoulder joint, bone, polyamide ulna and metacarpal 
finger bones.  Compressed air is pumped into the 
elastomer tubes, which increases the diameter and 
shortens the length.  [12] 

 

Figure 8: AIRIC Arm 

 
7) ABB PALLETIZING GRIPPERS 
ABB is a Swedish Swiss multinational corporation 
which is produces palletizing grippers.  There are 
three variants - Flexigripper Clamp, Flexigripper 
Claw and Flexigripper Vacuum. These are simple 
plug and play extensions to the ABB IRB 460 and 
IRD 660 palletizing robots. These are ideal for full 
row palletizing up to 60 kg.  

 
Figure 9: ABB Palletizing Grippers 

 
VI. CATEGORIZATION 
 
Every variant of a robotic gripper has its own specific 
function. Some are suitable for research purposes, 
some for industry, for medical surgeries or for 
rehabilitation purposes. A proper review of different 
types of robotic grippers available in the market will 
easily enable us to categorize the grippers under their 
specific industries. For example, the ABB palletizing 
vacuum grippers are suitable for the automobile 
industry, for lifting the windshields. Hence, a 
tabulated division has been provided for segregation 
of the grippers as per their use. 
 

 
CONCLUSION 
 
It is noted that the main aim of the recent grippers is 
to increase the sensitivity, degrees of freedom and to 
expand to more practical uses rather than remaining 
confined to research institutes. The study of the 
evolution of robotic grippers gave insights into the 
advancements in robotic technology like usage of 
granular membrane material in universal grippers, 
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grippers being used for EVA’s, shift from 2 finger to 
3 finger approach, incorporation of sensors in the 
grippers etc. The evolution of Robotic Grippers from 
the first Stanford Arm developed in 1969 to the most 
recent AIRIC arms having liquid muscles clearly 
shows that the future grippers are going to be even 
more complex in usage terms, multipurpose, having 
increased sensors and more human like 
characteristics. The categorization of these grippers 
will prove extremely beneficial for the scientific 
community and will reduce the time gap for apt 
gripper selection. Grippers like Robonaut Hand and 
Techno Sommer Automatic are classified under the 
Humanoid Research category. For industrial 
purposes, the ABB Flexigripper and Schunk Grippers 
are the best suited. AIRIC arm is best considered for 
medical purposes.  The ultimate objective of the 
robotic gripper will be to match the level of 
flexibility, agility and durability of the human hand. 
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