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1. AUTONOMOUS INSPECTION SYSTEM FOR AEROSPACE SECTOR 

Mechanical parts such as bolts and rivets are used in significantly large 

numbers in a wide range of industrial sectors such as aerospace, automotive, and 

so on. These mechanical parts are being used in a large scale in aircraft fuselage 

shells to turbines. Traditionally, the inspection of these mechanical parts has been 

carried out manually, thereby making the entire inspection process tedious and 

time consuming for the workers. There is also a problem of overseeing the errors 

through manual inspection. To address the above mentioned drawbacks, a 

research organization in Germany has developed a novel automatic inspection 

system.  

Researchers from the Fraunhofer Institute for Factory Operation and 

Automation (IFF), Germany, have developed an automatic inspection system for 

manufacturing industries to employ in the coming years. According to the 

researchers, workers in the aerospace sector are expected to receive support 

from this inspection system while they are checking for errors. Researchers from 

the Fraunhofer IFF have developed this inspection system for Premium AEROTEC 

GmbH, Germany, a company specializing in the development and production of 

structures and production systems for aircraft. The  inspection system has been 

field tested in pilot systems that independently inspect every mounted part and 

joint on aircraft fuselage shells. This inspection system consists of a robotic arm, 

which is attached with a specially developed sensor head. It has also been 

equipped with image sensors and 3D sensors, the head is capable of 

autonomously scanning the fuselage shells. The inspection system is also said to 

be capable of generating reliable, high resolution measured data on the state of 

assembly of the parts from any angle. The system extracts the data that is 

required from 3D CAD (computer-aided design) data and the results containing 
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the inspection points are specified to the user. The system also uses the data to 

generate a virtual measured data of the inspected parts in the form of images 

and 3D point clouds. Every joint and mounted part is represented in the images 

and 3D point clouds. This digital inspection system that has been developed is not 

only significantly more reliable but also faster than the manual inspection 

methods that are currently employed. For instance, the pictures taken with this 

novel system take only 5 seconds and the evaluation process takes about 3 hours 

when compared to the conventional system, which takes about 5 to 8 hours for 

evaluation. The system also inspects all sorts of sizes, effortlessly analyzing 

volumes of up to 11 m × 7 m × 3 m very precisely and with high resolution.  

This system not only detects errors, but also helps the manufacturer in 

eliminating recurring errors in the long term. The above mentioned feature is 

achieved through the storage of errors in a database, which are then given to the 

assembly technicians along with suitable instructions. Due to the various 

capabilities and advantages, this novel inspection system has opportunties to be 

adopted in the aerospace industry once it commercialized.  

Details: M. A. René Maresch, Media and Public Relations, Fraunhofer 

Institute for Factory Operation and Automation (IFF), Sandtorstr. 22 39106 

Magdeburg, Germany. Phone: +49-391-4090-446. E-mail: 

Rene.Maresch@iff.fraunhofer.de. URL: www.fraunhofer.de. 

 

2. ROBOTIC SYSTEM FOR INCREASING PRODUCTION EFFICIENCY IN 

AEROSPACE SECTOR 

Even with the development of robots for various manufacturing processes 

in different industrial sectors, aerospace is one industry where the employment of 

these robots has not thus far been very widely adopted. For instance, the wings 

of aircraft are still being assembled manually, which results in increased duration 

and reduced efficiency of the production process. Traditionally,, the assembly of 

aircraft parts has involved significantly high manual processes and labor, which 

has resulted in reduced production output. The aerospace industry has been 

looking for ways to automate the assembly process; and in certain cases it has 

been a challenge, which is primarily due to the complicated internal structure of 

the wings (consisting of series of hollow chambers). Researchers have been 

working on  a snake-like robot that is capable of tightening the bolts that are 

present in the some of the most inaccessible places of the airplane wing.    
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A research group from the Fraunhofer Institute for Machine Tools and 

Forming Technology (IWU), Germany, is currently working on developing an 

automation solution, which is based on a flexible robot with articulated arms that 

reduces the time and effort required for the assembly of airplane parts. 

Conventional robots that are currently available in the market tend to not be very 

flexible to pass through the narrow openings and their rigid arms are not capable 

of reaching out to the outermost regions of the workspace that usually extends up 

to 5 meters in length. The robot developed by IWU addresses the above 

mentioned challenge with the help of articulating arms that consist of eight serie- 

connected elements thereby allowing it to be rotated or inclined within a narrow 

radius. The tool is first attached to the series of eight limbs in the robot for 

carrying out the desired application. This tool can also be replaced with an 

inspection camera if it is required. The robot arm, which is 2.5 meters in length, 

is capable of supporting tools that weigh up to 15 kg. Kinematics used to drive 

this robot is based on a sophisticated mechanism, which also includes a novel 

gear system. The gear system has been developed by the researchers and they 

have also filed a patent for the same. A small motor has been integrated into 

each of the eight robotic arms, and is capable of producing high torque of up to 

500 Newton-meters. The reason for using a small high powered motor is because 

the conventional motors would not be suitable for the robotic arms due to their 

compact design. Small motors are used in combination with a cord and spindle 

drive system, which enable the arm to move independently and turn with an 

angle of 90 degrees. They are expecting to develop the complete version of the 

robotic system equipped with an eight-part articulated robotic arm by the end of 

2014.  

Some of the potential applications for this  robot are automated assembly 

of aircraft  wings (a traget application),  in automobile manufacturing, and also in 

the power plant design. Some of the advantages of this robotic system are that in 

reduces the manufacturing time in the aerospace sector and also increases the 

adoption of robotic system in this sector. Due to the above mentioned capabilities 

and advantages, this robotic system has opportunties to be adopted on a large 

scale by various industrial sectors on commercialization by 2016.  
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Details: Marco Breitfeld, Researcher, Fraunhofer Institute for Machine 

Tools and Forming Technology (IWU), Reichenhainer Straße 88, 09126 Chemnitz, 

Germany. Phone: +49-371-5397-1486. E-mail: 

marco.breitfeld@iwu.fraunhofer.de. URL: www.fraunhofer.de. 

 

3. ATOMIC LAYER DEPOSITION EQUIPMENT WITH ROLL-TO-ROLL 

PROCESSING 

Flexible electronics has key opportunities in fields such as displays, body 

worn electronics, photovoltaic (PV) cells, and sensors. However, in applications 

where organic materials are used, rapid product degradation can occur when 

exposed to moisture and air. This is a major challenge, which is addressed by 

novel encapsulation technologies. As the devices are thin and bendable, thin film 

moisture barrier technology is used. According to Frost & Sullivan analysis, 

atomic layer deposition (ALD) results in high-quality moisture barrier films. ALD is 

a thin film deposition technology where a chemical reaction between the 

substrate and specific chemical leads to the formation of a thin film. However, 

continuous printing processes are required to produce flexible electronics, such as 

roll-to-roll processing on a cost-efficient mass scale. Thus, a manufacturing 

process that can apply ALD in a roll-to-roll process is required. 

Finland-based Beneq Oy has come up with innovative roll-to-roll ALD 

equipment that can be used for research as well as scaled to industrial use in a 

cost-effective manner. The equipment, WCS 500, can help drive  accelerated 

commercialization of roll-to-roll ALD processes for an effective moisture barrier in 

printed electronics. Roll-to-roll processing addresses key needs in the 

marketplace by enabling the manufacturing of printed electronics in a fast and 

cost-effective manner. Devices such as organic light-emitting diode (OLED) 

displays and flexible PVs require efficient thin film barrier films deposited by the 

ALD process. Beneq’s WCS 500 incorporates these two processes, which can not 

only be used for research, but also industrial-scale production.  

The WCS 500 can handle various types of substrates, such as polymer 

films and other flexible substrates, and the thickness of the ALD coating can be 

varied. The flexible substrate (web) is moved inside the equipment using rollers 

while an ALD coating head emits the precursors on a processing drum. In this 

way, a continuous ALD process is achieved. Unwind and rewind rollers regulate 

the speed of movement of the substrate. ALD simultaneously takes place through 
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nozzles fitted inside the vacuum chamber. Beneq’s system uses two precursors 

that are delivered inside the vacuum chamber to react and form the thin film on 

the surface of the substrate. 

Beneq’s WCS 500 can coat webs up to 500 millimeters wide, which makes 

it useful for large area printed electronics. By being able to use roll-to-roll process 

for barrier film generation, customers can lower the cost of manufacturing and 

have a high throughput. The equipment has a web speed of up to 2 

meters/minute and a yearly throughput of 400,000 square meters, which enables 

industrial-scale production. 

The WCS 500 can be used for research, pilot production, as well as 

industrial-scale production. As a result, the customer need not invest in different 

equipment. Moreover, a continuous process where ALD is just one part saves the 

manufacturing time of end products.  The product has opportunities to  be a key 

enabler for the commercialization of ALD technology for printed electronics. 

Details: Sampo Ahonen, CEO, Beneq Oy, Olarinluoma 9, FI-02200 Espoo, 

Finland. Phone: +358-40-520-1090. E-mail: sampo.ahonen@beneq.com. URL: 

www.beneq.com. 

 

4. PATENT ANALYSIS OF MILLING PROCESS 

The milling process is used in a variety of industrial applications where 

there is a need for high accuracy, complex shaping, and removing large amounts 

of material. Milling machines are used to produce planar surfaces, cutouts, and 

slot or hole features. Contoured surfaces--which include rack and circular gears, 

spheres, helical, ratchets, sprockets, cams, and other shapes--can also be readily 

cut with CNC (computer numerical control) mill machines. A milling machine 

consists of an array of standard support blocks, work clamps, and other work 

piece holding fixtures. They enable carrying out milling operations with minimal 

fixture and equipment investment. The milling process plays a key role in the 

production of any tool and die work, prototyping, and other low-volume 

manufacturing. For carrying out mass production of any parts or products, special 

purpose milling machines are employed. These types of machines are typically 

used to combine milling operations with boring, drilling, tapping, and other 

operations. The  major types of milling machines that are currently employed in a 

wide range of industrial sectors include column and knee machines, bed type 

milling machines, and special purpose machines.  
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From patents profiled in exhibit 1, it can be seen that the current research 

activities include a focus on developing milling machine technology for different 

milling applications, such as milling asphalt pavement, rice milling, or milling 

dental items.  The patents also indicate interest in improving the functionality of 

milling machines or the milling process; such as optimization of cutting forces in 

the milling process, developing milling machine cutter apparatus,or  milling 

machine drive mechanisms. 
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Exhibit 1 depicts patents related to milling process. 

Picture Credit: Frost & Sullivan 
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