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Consider typical robots… 

What could a robot do without “end 
effectors”? 





Tools 

– Spot Welding gun 
– Arc Welding tools 
– Spray painting gun 
– Drilling Spindle 
– Grinders, Wire brushes 
– Heating torches 

 

End Effectors 

Device attached to the robot’s wrist to perform a specific task 



Common end effectors 

1. Tools 
Spot welding 

Arc welding 

Drilling, grinding, de-burring, etc. 

Cutting device (laser, water jet, torch, etc.) 

Spray painting 



End Effectors 

Grippers  

– Mechanical Grippers 
– Suction cups or vacuum cups 
– Magnetized grippers 
– Hooks 
– Scoops (to carry fluids) 

Device attached to the robot’s wrist to perform a specific task 



2. Grippers 
Mechanical 

Vacuum 

Magnetized 

Adhesive 

Simple (hooks, scoops) 

Common end effectors (cont) 



What are Grippers? 

 Grippers are end effectors used to 
grasp and manipulate objects. 

 Just like a hand, a gripper enables 
holding, tightening, handling and 
releasing of an object. 

 A gripper can be attached to a robot or 
it can be part of a fixed automation 
system 



  



History of Gripper 

 The first gripper, or artificial hand, was 
probably a hook replacing a lost human 
hand. 

 An artificial hand is first recorded in 
1509---an iron hand made for a German 
knight.  

 



Unimate 



Rancho Arm 



Tentacle Arm 



Stanford Arm 



Silver Arm 



END EFFECTORS - GRIPPERS 

1.MECHANICAL GRIPPERS 
2.MAGNETIC GRIPPERS 
3.PNEUMATIC AND HYDRAULIC GRIPPERS 
4.VACUUM GRIPPERS 
5.ADHESIVE GRIPPERS 
6.MISCELLANEOUS – SCOOPS, HOOKS & 

INFLATABLE BLADDER 
 
INTERNAL AND EXTERNAL GRIPPERS 



Types of Grippers 

  Single mechanical devices-hooks and scoops 
 Mechanical grippers-two or more fingers 

actuated by the robot controller 
  Vacuum grippers-suction cups used to hold 

flat objects 
  Magnetized grippers -A type of end effector 

that uses electromagnets or permanent 
magnets to pick up metallic objects.   

 Adhesive devices-adhesive substance used to 
hold flexible material 



Mechanical Gripper 











Mechanical grippers can also be 

classified according to the type of 

kinematic device used to accurate the 

finger movement. The classification are 

1.Linkage actuation 

2.Gear-and-rack actuation 

3.Cam actuation 

4.Screw actuation 

5.Rope-and-pulley actuation 

6.Miscellaneous 









Main Types of Mechanical Grippers 

 

Parallel 2 or 
more 
“fingers” 

Angular 



Mechanical grippers are used to pick up, move, place, or hold parts in an 
automated system.  They can be used in harsh or dangerous environments. 

Mechanical Grippers: Applications 

 

Holding a cast wheel while 

it is being cleaned with 

live steam.   

In a clean room 



Mechanical Grippers: Limitations 

•Watch out for dynamic forces and moments when sizing a gripper.   

 

•Gripper could drop part with loss in air pressure (can order spring clamps 
to solve this problem) 

 

•Angular grippers are less expensive, but the arcing motion of the jaws may 
require additional tooling clearance and will grip at varying points as part 
width varies. A parallel gripper is simpler to tool to compensate for part size 
variance.  

 



Mechanical Gripper Specifications 

Grip force: ranges tiny forces .1 lbs  to over 1600 lbs (don’t forget 
dynamic forces, moments) 

Part sizes: typically .01 to 36 inches  

Number of jaws: typically 2 to 4 jaws or fingers 

Repeatability: typically +/- .001 to .005 inches 

Cost: $100 to $1,000 

Cycles to failure: up to 10 million cycles 

Supporting technologies: air valves, air compressors, sensors, I/O 
interfaces 

Companies: Thomas Register lists 100+ vendors.  Here are the largest: 

  PHD, inc. Fairlane 
  Robohand Robotic Accessories 
  Zaytran  Magnum 

 



Gripper Style 

 
  Angular: The gripper jaws are opened and closed 

around a central pivot point, moving in a sweeping or 
arcing motion. Angular grippers are often used when 
limited space is available or when the jaws need to 
move up and out of the way. 

  Parallel: The gripper jaws move in a parallel motion 
in relation to the gripper body.  Used in a majority of 
applications, parallel grippers are typically more 
accurate than other style grippers. 

 



Gripper Style 



Gripper Actuation 

  Manual: Actuated by hand crank, wheel, 
levers, or other manual or mechanical 
means.   

  Electric: Grippers fingers or jaws actuated by 
electric motor, solenoid, etc. 

  Pneumatic: Gripper is actuated by 
compressed air acting on a cylinder or 
vanes.   

  Hydraulic: Gripper is actuated by hydraulic 
fluid acting on a cylinder or vanes. 
 





Electric Gripper 

  Motor 
gears 

Jaw 

 

Shaft 

 

nut 



Pneumatic Gripper 

  

High Pressure Piston 

Jaws 



Hydraulic Gripper 

door 

  chamber 

O-ring 

jaws 

spring 

pin 

piston 





Advantages and Disadvantages 

Pneumatic  
 

Electric 
Motor 

Hydraulic 

Smaller units, quick 
assembly 
 

High accuracy and 
repeatability 

High strength and high 
speed 
 

High cycle rate Less floor space Large robots, Takes floor 
space 

– Easy maintenance 

 

Low cost Mechanical Simplicity 

Easy maintenance Used usually for heavy 
payloads 

 



Vacuum Grippers 

   





Vacuum Grippers (aka suction cups) 



Types of Vacuum Grippers 

Small to 
medium 
objects 

Uneven 
objects 

Large, heavy 
objects 

One vendor, Piab Inc., claims “A suitable 
suction cup is available for virtually any 
situation – with very few exceptions. Suction 
cups are very well suited for a wide variety of 
needs and circumstances. They can handle 
plate, eggs, paper, wood – practically any 
material. Be it smooth, irregular, bent, porous, 
airtight, lightweight, heavy, angled, hot or 
cold, the material can be handled by suction 
cups safely, gently and quickly.” 



Types of Vacuum Grippers 

Ball joint 
A ball joint adjusts itself automatically to different contact 
angles and reduces the bending moments on the suction 
cup. The ball-joint is recommended in the following typical 
cases:  

•for lifting heavy objects or plates  
•for handling workpieces that are in motion  
•for handling workpieces that are curved or have 
irregular surfaces 

Level compensator 
A level compensator compensates for differences in 
level and absorbs shocks. The mounting also reduces 
the need for accurate positioning in height.  



Vacuum Grippers Application 

PACKAGING:  

Canning 
Tray Making 
Bottling 
Box Making 
Capping 
Labeling 
Bagging & Sealing 

MATERIAL HANDLING:  

Auto Manufacturing 
Steel Fabricators 
Conveyors 
Manufacture & Packaging of Compact Dics 
Electronics 
Heavy Industry 



Gripping force: generally up to 300 lbs.  Multiple cups can pick up to 
6,000 

Pressures: requires –3 to –15 psi gage 

Sizes: suction cups typically range between .05 and 18 inch diameters 

Cost:  Suction cup assembly $10-$500  Supporting technology: $500 
– $2,000 

Supporting Technologies:  Compressors, lines, valves, air filters, 
controllers 

Companies: Thomas Register lists 100+ vendors.  Here are the 
biggest: 

   

 

 

Vacuum Gripper Specifications 





















Application of Grippers 

 Machine loading/unloading  

 Assembly lines 

 Material transfer 

 Manufacturing processes 



Machine loading/unloading  



Assembly lines 



Material transfer 



Application of Grippers 

 Specific examples 
 Workers in nuclear science use grippers to 

move things remotely when the things 
dealt with are dangerous for body health. 

 
  Astronauts can manipulate remote-

controlled grippers in space from within the 
safety of the spacecraft when they are 
building the space station.  

 




