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1. Introduction

Based on the fact, that in nature the fastest motions can be watched at flying, we propose a new technology for the transportation of objects within production systems by throwing or shooting. 

The main advantages of this new technology are:

· high speeds,

· high flexibility,

· energy savings,

· cost efficient.

2. State of the Art
A.  Production systems

Mechanized throwing devices are used in production systems up to now only for some few specific applications. Examples for that are 
· flying shuttles in weaving machines,
· commissioning of sanitary products,
· ejecting scrap parts from conveyors and 
· jet cutting.
B. Sports

More mechanized throwing devices can be found in the field of sports. Examples are different types of ball throwing machines, throwing devices for clay pigeon shooting and different types of guns for shooting sports.
C. Research Projects

In research projects no throwing devices for the transportation of objects in production systems are known. In several projects however systems for the visual tracking of flying objects and for capturing or batting flying balls with robots were developed.

3. Research project for the transportation of objects by throwing (Status of our project)
Basically we distinguish between two classes, throwing with indirect hits and throwing with direct hits.
A. Throwing with indirect hits

When objects are thrown, which are unsymmetrical or not identical, their trajectories are depending on sensitive influences like different conditions during the acceleration, the influence of the gravitation and the aerodynamic resistance. In this case the objects must be detected on their trajectories and a robot has to move a capturing device during the flight to the final capturing point.
At the current state of our work objects with masses up to 70 g are thrown over distances of 3 m. With speeds of up to 10 m/s flat trajectories can be achieved. 

B. Throwing with direct hits 

If the objects can be thrown into a capturing device with a direct hit, the visual tracking of the objects on their trajectories and the robot for the movement of the capturing device are not required.
4. Potential applications for logistic functions within production systems

A. Systematic order
For the application of the new technology for logistic functions within production systems a systematic order shall be presented. 

· Objects which could be thrown:

· Function of the objects:  workpieces, packages, etc.
· Shapes of the objects:  ball, sheet, etc.
· Material:  metal, paper, etc.
· Etc.

· Requirements for the logistic functions:

· Function:  handling, transport, commissioning, etc

· Distances:  1 mm - 10 m

· Transport time:  10 ms - 1 s

· Transport frequency:  1 - 100 objects/s
· Etc.

· Alternatives for the realization:

· Different kinematics for throwing devices,
· Drives for the acceleration of the objects, 

· Alternatives for the visual tracking of the flying objects,
· Tracking of a capturing device, 

· Types of capturing devices.
B. Visionary Applications

For the transportation of objects by throwing two visionary applications shall be introduced. At first the transportation of turned parts from a turning machine to a following machine shall be described. Second the use of the new technology within a flexible manufacturing system shall be presented.
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Annex:  Research Project for Throwing Objects
1. Basic Concept

For throwing objects with indirect hits we have defined four sub functions (Fig. 1):
· The objects must be accelerated by a throwing device.

· During the flight the objects are detected by a camera system. It predicts the final capturing point 

with an increasing accuracy. 

· A robot moves the capturing device to the final capturing point.

· The object is captured by a capturing device.
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Fig. 1:  Basic concept for throwing objects with indirect hits
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