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Abstract

Most of the micro objects in industrial production are handled with manual labour or in semiautomatic stations. Manual labour usually makes handling and assembly operations highly flexible, but slow, relatively imprecise and expensive. Handling of 3D micro objects poses special challenges due to the small absolute scale. In this article, the results of the pick-and-place operations of three different 3D micro objects were investigated. This study shows that depending on the correct gripping tool design as well as handling and assembly scenarios, a high success rate of up to 99% repeatability can be achieved using a small industrial robot.
1
Automation of the handling and assembly processes
The operations of micro object handling and assembly performed in a manual manner are flexible, as human operators can perform many different, non related operations, but slow, less accurate and unequal. Usually the handling and assembly of the real 3D micro objects are performed with tweezers and similar tools and under a microscope [1]. The design and control of the gripper devices also are completely different depending on the micro object geometry and the functionality [2, 3].     
1.1 
Gripping tool 

A mechanical gripper can have many different shapes. For the design of this gripper it was important to achieve a flexibility of the tool, so it would be suitable for the picking and releasing of the selected micro object. The designed gripper (figure 1) is fastened by the screws to the fingers of the small industrial robot. Each of the gripper parts has a groove, which makes it easy to pick the small round objects of the different diameters.  
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Figure 1: Gripper design: (a) one of the two griper fingers and the force application directions, (b) the detailed gripper design, with the marked contact between the gripper and the object area, (c) a groove of the gripper, with the dimensions shown besides [mm]. 
1.2 Test of the assembly process
The testing and assembly of the gripper is performed by a small industrial robot. For the assembly experiments three different 3D micro objects were used. The micro objects (figure 2) were fixed and aligned by putting them manually into the holes on a metal fixture, manufactured by milling. This fixture was designed as a rectangular plate which fits the robot working area. The parts used in the study (figure 2) are two plastic parts, fitting each other and a spring. The dimensions of the parts are about 1.8 x 1.9 mm and the spring is 1.12 x 1.5 mm, made of 0.2 mm wire. 
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Figure 2: The parts to be assembled placed on a match.
The assembly scenario (figure 3) is following:

1. Pick part 1 (a)

2. Place part 1 on spring (b)

3. Press the parts together using the gripper

4. Pick part 1 with the spring

5. Place part 1 with the spring on part 2 (c).

 Micro objects were picked, placed, released and assembled without any operator influence.
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Figure 3: The assembly scenario

1.3
Results

To examine whether the speed of the robot influences the rate of the success, several test runs were conducted using the speed settings for 50%, 70% and 100% of the maximum robot speed. For the speeds of lower speeds 80 parts were assembled, while for the 100% 104 parts were assembled. 
The most common problem experienced was found during gripping of the spring. Therefore different hole dimensions were tried on the fixture to see whether this would influence the rate of success. The results for the spring are presented in figure 4. In the graph “H8” means a hole of 1.3 mm diameter and 0.6 mm depth. “H4.1” has a diameter of 1.2 mm and a depth of 0.6 mm. “H4.2” refers to the holes with diameter 1.2mm and depths of 0.7mm. “H4.3” represents hole depths of 0.8 mm. From this it can be concluded that a diameter of 1.2 mm is better suited for the spring than a diameter of 1.3 mm (too much failure) and the most successful depth is 0.6 mm.

Another aspect of the fixture design that was examined was the use of chamfer on the holes. This would make it easier to place the parts although it wouldn’t give the same support. Discriminating between chamfered and non-chamfered holes test-runs resulted in the data shown in figure 4.
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Figure 4: The results of the success: at different speeds, different hole depth and different hole finish. 
2
Conclusions
The results show that correct dimensioning of the gripper and holder highly influences success of the micro handling process. It also proves that the automatic assembly of these three 3D micro objects can be performed in a fully automatic way.   
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