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VI.4 Case study 3: Bending of tubes 

by 

Mr. Ji..i rgell Warmbold, Mar tfe ld, Germany 

Starting point I situation 

Since it is not poss ible to manufacture lube/hose/tube combina tions in 1:1 single program cycle on 
conve ntional lube bending machines, Rosenberger AG was looking fo r a more fl.cxibJe bending system which 
would at the same time provide outstanding precision, process re liability, and ease of opera tion. 

Implementation I solution 

Created to meet these requi rements is the TWISTER, a bendi ng syste m incorporating a KUKA KR 16 
robot - a patent app lica tion has been submitted for this system. Here , the robot functions as a full y-automatic 
CNC tube bending machine, which guides, de pending 0 11 the speci fi c task , from two to six bending heads 
designed for tubes with diameters from 20 to 60 millimeters. By executing the Illations of a bending machine in 
the X, Y and Z axes, the robot uses lip to tlu ee bend ing planes per head to create va rious bends, e longations and 
twists. The robot pi cks lip the components using part-specific pneumatic fin ger g rippers, which are developed 
for each ind ividual appl ication, and can be exchanged. The robot fetches the tube itself, moves tlU'Ollgh the X, Y 
and Z coordinates under servo contro l, and thus with high precision, operates the bending heads and , if desired, 
also links the bending operation to other processes. 

The first TWISTER was sold to an automoti ve components supplier. Tn thi s pilot project, the robot is 
used to form a tube/hose/tube combination with brazed-on fas te ning elements. T he robot grips the part at 

defined points. It then moves one of the outer ends of the tube 10 the ri ght-hand be nding head, which is used in 
this step to create six d ifferent bends. After each bend the robot turns the part as specified by its programming. 
Tt then turns its gripper around and holds the other end of the component against the right-hand bending head. 
which makes four more bends. As soon as tlli s process is complete, the robot swivels the part to the left -band 
bending head, which be nds the middle section of the tube by 180 degrees. In traditional product ion systems, 
additional m,lIlllal intervention would be necessary here, s ince conventional machines can only make bends in a 
sequence corresponding to the di rection of advance of the tube. 

Results I benefits 

Guaranteed process reliab ility 
The posit ioning accuracy of the robot is to within a few hundredths of a millimeter. In add ition to this 

very hi gh repeatabi lity, a primary advantage of the robot is its nexibility, since unlike a tube-bending machine it 
can let go o f the compone nts and then grip them again. T his he lps guaran tee process reliability, and is trllc for 
handling as well as for right-hand and left-h and be nds. __ 

High cost-effectiveness 
Compared to conventiona l tube bend ing machines, with TWISTER the user can c hoose thc 

position of the bending heads freely, and can use an extremely wide range of bcnding heads. Th is 
makes it poss ible to change over production qui ckly , even when manufacturing dirficuit parts, and aulOlllaliC 
production is possible for even the smallest batch sizes - providing a lasti ng boost to producti vity and 
effectiveness. By installing multiple bending heads, the customer can also reduce hi s setti ng-up ThiS, 
because when a seq uence has been programmed and bending heads for various componcnts have been :1 
the user has to do is call up the appropriate program. When the program is switched, the robot 
exchanges its gripper if necessary. A lthough the capital investment for a TWIST ER is slightly higher than lor a 
standard bending machi ne, on the other hand the abi lity to d ispe nse with manual operations provides large 
potential savings ancl thus a much shorter payback period. Moreover, it may be possible for TWISTER to 
perform tasks which would otherwise require a number of convemionall11achines. 
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Ease of operation 

. To make operation easier, Rosenberger paid particular atte ntion to development of the software. This 
benefit s set-up who can program the sequence via a programmable logic contro ller, visualized by 
means of a PC WI th Wl11dows lIser in terfClce, just as easily as if it were a " normal " tube-bending machine. 

Higher qualit y 

. The uninterrupted nature of the robotic processes means that manual bending or fini Sh-be nding 
operatlO lls arc also unnecessary .. the parts had to be bell t before they could be j o ined. In this case, 
each the tube/hose/tube comblllatlOllS had to be picked up again by the operator and aligned. S ince these 
potenlla l sources of errors have now been eliminated, today Rosenberger achieves higher quality. 

System components 

KUKA KR 16 robot 

PC-based KUKA robot controller, includ ing control panel with familiar Windows interface 
Part-specific pneumati c fi nger grippers 
Robot programming 
Commissioning 

Benefits of the robot investment 

- Flexibility of the system, change over production Quickly 
- Increase of product delivery quality 
- reduced lahom" cost 
- Reduced cycle times and setling-up times 

Payback time: < J yea .. 
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Figure VT.4-1 
Robot cell for bending of tubes 
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VI.S Case study 4: Fully automated production of tracks at 

Olofsfors AB 

by 

Mr. Alee Madesater, CimSkili AB, Sweden 

Introduction 
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Olofsfors is a world leader in manufacturing of tracks for vehicles for forest and civil engineering 
applica tions. All the tracks are made of carbon manganese steel alloyed with boron. Hardening of the tracks 
corresponds to SOD Brinel!. During the three-year period 2001 -2003, the company invested 42,S million SEK in 
a fllil y automated production solution, which included 15 industrial robots. This is a state-of-the-art plant , 
designed for high capacity and a good working environment. It also offers a high level of fl exibility in 
manufac turing and working methods, which enables the company to meet and sa tisfy the needs of the market­
both today and tomorrow. 

Industrial culture in Olofsfors goes back to 1759, when Mr. John Jennings made lip his plans to invest 
in iron processing. Wood for process heating, hydro power for dri ving of machinery and good shipping 
opportunities were the three key elements when the industrial development started in northern Sweden. This 
also applied to Olofsfors, which is today a successful export company with a strong product portfolio. 

Forest environment 

Tracks have a large contact surface, low ground pressure and powerful vehicle traction. On soft ground 
and all snow covered areas tracks are the best alternative. Most forestry companies realise that tracks also have 
Illany environmental benefits by minimising ground damages and meeting long-term ecological requirements. 

Pl'Oductivity increase 

Based on a study made in 2000, a master plan was set up to define a strategy for the future faciliti es in 
order to maintain a leadership within track manufacturing. The owners of the company had realised that modern 
production technology makes it poss ible to produce twice as many tracks with half as much manual workforce 
and much less floor space and this was to be realized before 2006. The proposed solution was based on a 
concept with fully automated welding operations with smart robot-based supply of incoming parts. Robot 
technology was already well known and widely used within the automotive industry in the neighbourhood 
around the town of Umea. The great challenge for the workers at Olofsfors was to learn how to operate and 
manage a large number of robots in different applications. 

Compact robot solution 

The latest (3rd) step of the· investment was a compact final assembly line for tracks, with eleven robots , 
installed by Lbfqvist Engineering in the middle of 2003. It included two large robots for handling of the work­
pieces, five small robots for suppl y of parts and four medium size arc welding robots. A vehicle needs one 
complete trac k on each s ide. The total production time for a set of tracks for one vehicle is between 2.5 and 3 
hours, depending on actual track model. 

World class manufacturing 

"We have now a base for world class manufacturing" says Tomas Str()mherg, manager of production 
technology at Olofsfors. "The experience we have gained from these tluee steps of robot cells will give us a 
unique position for implementing a fourth robot line. We need a higher capacity and a greater fle xibility by 
2006, as we recognised in the study already in 2000. Today we produce 46 different variants of tracks. But the 
demands from the market will change fast in the future and we must be prepared to offer tracks with special 
features - but still using a high degree of automation . The integration of logistics and welding operations puts a 
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higb demand on the tolerances of all work-pieces in the assembly process. It is one way to avoid disnll'bances 
related to deviations in the geometry" underl ines Tomas Stromberg. 

Facts for Olofsfors AB: 

Turn over 2003: 163 million SEK 
Employees: 93 persons 
Owners: Anders Wikstrom and Carl Wikst rom (5th generation) 
Investment: 42.5 million SEK in tlu'ce robot lines 
Number of robots installed: 15 

Figure VI.5-1 
Simpli fied layout. Eleven robots are worki ng together in a production cell for complete tracks 
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Figure V1.5-2 
Five small robots arc pick ing work-pieces fram pallets by means of magnet ic gripping dev ices controlled by 

(random) search programs. 

Figure VI.4-3 
Two large handling robots and four medium size welding robots arc form ing a synchronous flow of joining 

operations. 


