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Excellent result thanks to close, partnership-based cooperation 
 
Large engines of the MTU brand drive vehicles, construction machinery and 

generators for decentralised energy supply. They often have to prove their 

reliability for decades. The precision requirements for the components used 

are correspondingly high. When machining a mounting surface within an 

exhaust gas component, the accuracy requirements were hampered by 

accessibility. Rolls-Royce’s division Power Systems, which includes MTU, 

relies on a customized milling cutter with ISO indexable inserts from MAPAL 

for this difficult task. 

 

Process reliability and very high flatness with customer-specific ISO face 

milling cutters from MAPAL 

In Friedrichshafen, the Rolls-Royce subsidiary MTU Friedrichshafen develops and 

produces diesel and gas engines for ships, heavy land and rail vehicles, industrial 

applications and decentralised power supplies. The product range includes series 

with 8 to 20 cylinders and an output of 800 to 10,000 kW. They are the core of the 

company’s drive and energy systems. As soon as you arrive in Friedrichshafen by 

train or ferry from Lake Constance, it is very likely that an MTU product provides the 

necessary propulsion. 

 

All application-related differences – engines for large ships have different 

requirements than those for construction machinery or even emergency power 

generators –have one thing in common: The drive units must be 

powerful 

energy-efficient 

environmentally friendly 

yet reliable and 

durable. 
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The reliable fulfilment of these requirements makes Power Systems a preferred 

partner for its customers. The MTU Friedrichshafen subsidiary determines not only 

the goals of the development engineers, but also the precision requirements in 

manufacturing. This starts in Friedrichshafen with the machining of cast parts and 

extends to the delivery of the finished engines and complete systems. 

 

Flatness as a quality factor 

An example from an exhaust system shows the influence that high precision 

machining has on the durability and low maintenance of MTU’s large engines. The 

exhaust gases from each pair of cylinders are removed by means of exhaust gas 

guide elements made of cast iron with GJL-250 lamellar graphite, which are arranged 

in modular rows depending on the size of the engine. Inside, moulded parts made of 

heat-resistant sheet metal absorb the exhaust gases from the engine and transport 

them to the turbochargers. 

 

These sheet metal parts are fastened to the inside of the cast elements with two 

screws each. The mounting surface must feature outstanding surface flatness 

because unevenness provides scope for the sheet metal parts to move. Due to the 

constant vibrations in piston engines, this could lead to problems over time and in 

extreme cases even to shearing of a fastening screw. 

 

Area with restricted accessibility 

“While we can place the two screw holes from the outside, the mounting surface with 

both bores can only be machined through the opposite rectangular inlet opening,” 

says Stefan Wohnhas, the Production Engineer responsible for tool technology at 

MTU Friedrichshafen, describing the most important machining challenge. “The inlet 

opening is more than 10 mm narrower than the surface to be machined and is almost 

300 mm away.” 
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For some time now, the Friedrichshafen company has been using a counterboring 

tool with adjustable indexable inserts and a working diameter of 51 mm for pre-

machining. Due to the small and distant entry opening, the shank of the special tool, 

which is over 400 mm long, is cranked. Over a length of 325 mm it has a diameter of 

only 24 mm. 

 

If there was only a single countersink, the finish would also be of sufficient quality 

with this tool. The counterboring tool centres itself in the first bolt bore and machines 

the first half of the mounting surface. However, as the tool centres in the other of the 

two bolt bores for machining the second half of the mounting surface, the indexable 

inserts pass over a position that has already been machined. This leads to an 

uneven cutting pressure. “So we were unable to comply with the required 70 μm 

flatness,” reports Hans Schreiner, who can draw on 40 years of experience at MTU 

Friedrichshafen and is responsible for tool planning and procurement for large cubic 

parts. 

 

Changing methods with MAPAL 

The responsible people at MTU decided to switch to a different machining method - 

face milling. “As we machine a 70 x 35 mm surface through a 

rectangular opening only 54 mm wide, it was clear that we needed a special tool,” 

says Hans Schreiner. “We approached MAPAL with our problem, 

because MAPAL has a reputation for mastering even difficult challenges. Other 

providers had already declined from the start.” 

 

For MTU Friedrichshafen, MAPAL developed a 400 mm long milling cutter for finish 

machining. Its solid carbide shank has a diameter of 32 mm at the weakest point and 

is therefore significantly more stable than the shank of the counterboring tool. The 

face milling head is brazed onto it with four 

tangentially arranged, adjustable ISO indexable inserts. The largest external 

dimension of the milling head is 63.5 mm. It fits through the 54 mm wide opening 
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only at a defined spindle position. The indexable inserts with two cutting edges are 

set at an angle of 45°. They are arranged asymmetrically and have four different 

flight diameters: 19.5; 27.5; 44.5 and 54.5 mm. Despite a traverse path of only 10 

mm, the entire surface with a length of 70 mm can be machined. 

 

The arrangement of the inserts presented both the tool developers at MAPAL and 

our NC programmers with special challenges,” says Stefan Wohnhas. The Aalen-

based precision tool specialists also had to use all their experience to ensure 

optimum axial run-out despite the complex asymmetry of the machining head. This 

was successful. Using an axial adjustment option, the axial run-out can be adjusted 

to the μm. 

 

Working together for a special tool 

The cooperation during the development phase was intensive. After each 

development step, MAPAL provided the MTU experts with a 3D model of the tool. 

“This ‘digital twin’ made it possible for us to simulate the entire machining cycle in our 

NC simulation software,” says Waldemar Schmidt, CAM Programming and Tool 

Planning at MTU Friedrichshafen. “This enabled us to detect collisions and fully test 

the behaviour of the milling cutter without having to produce expensive prototypes 

and without scrap.” 

 

Conversely, MTU technicians made a significant contribution to the success of the 

project by making adjustments to the workpiece. In order to prevent the feared 

instability caused by a shank that is too thin, they made a minimal design 

modification at the entry opening. 

 

Requirements clearly exceeded 

“We were not always sure whether the design of a suitable milling tool would even 

succeed,” says Waldemar Schmidt. “MAPAL convinced us that the opposite was 

true. With the tool we clearly exceed the precision requirements,” reports Hans 



 
 
 

PRESS RELEASE 
 

 
 
 
 

 

   
   
   
   
   
   

 
Date: 01.10.2018 

 

  Seite(n) 5 von 9 

MAPAL Präzisionswerkzeuge  
Dr. Kress KG 
Postfach 1520 | D-73405 Aalen 
 
Contact:  
Andreas Enzenbach 
 
Phone: +49 7361 585-3683 
Fax: +49 7361 585-1019 
E-mail: presse@mapal.com 

Schreiner. In this way, a flatness of seven instead of the required 70 μm is reliably 

achieved. 0.2 mm of material is removed during finishing. The average cutting speed 

is 120 m/min and the feed rate is 0.12 mm. 

 

“Extensive measurements on a specially designed test engine confirmed the effect of 

fine machining with the special milling cutter developed by MAPAL,” adds Stefan 

Wohnhas: “We received a tool with which we were able to sustainably improve the 

low maintenance and long-term quality of our large engines by minimally invasive 

face milling with a long projection length.” 

 

Customer 

Rolls-Royce Power Systems, a division of the British technology group Rolls- Royce 

plc, is one of the world’s leading suppliers of engines, drive systems and 

decentralised energy systems. The MTU and MTU Onsite Energy brands focus on 

high-speed engines and drive systems for ships, heavy land and rail vehicles, military 

vehicles and for the oil and gas industry with up to 10,000 kW output, as well as for 

power generators for emergency, continuous and peak power supply and complete 

cogeneration plants. 
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Captions: 

 

Starting with castings, MTU Friedrichshafen manufactures large engines for mobility 

and energy applications. Copyright: MTU 

 

 

Working together to produce the perfect tool, from left: Thomas Jungbeck from 

MAPAL with MTU technicians Hans Schreiner, Waldemar Schmidt and Stefan 

Wohnhas. 
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Inside the exhaust gas housings, one each for two cylinders, made of grey cast 

iron... 

 

 

... the exhaust gas guide systems made of heat-resistant sheet metal are fixed with 

two screws per cylinder. 

 



 
 
 

PRESS RELEASE 
 

 
 
 
 

 

   
   
   
   
   
   

 
Date: 01.10.2018 

 

  Seite(n) 8 von 9 

MAPAL Präzisionswerkzeuge  
Dr. Kress KG 
Postfach 1520 | D-73405 Aalen 
 
Contact:  
Andreas Enzenbach 
 
Phone: +49 7361 585-3683 
Fax: +49 7361 585-1019 
E-mail: presse@mapal.com 

 

The approx. 70 x 35 mm mounting surface can only be machined through the 

rectangular inlet opening opposite at a distance of approx. 300 mm. 

 

 

MAPAL develops a special face milling cutter for finish machining. Its four length-

adjustable, asymmetrically arranged indexable inserts allow face milling of the 

mounting surface by only going over it partially. 
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Thanks to this custom tool, MTU exceeds the evenness specifications by a factor of 

10. The milling head is mounted at a suitable angle to the tool adapter. This allows it 

to be retracted without being turned and in this way saves time. 

 

 

Process-reliable machining with the customer-specific face milling cutter with ISO 

indexable inserts from MAPAL. 

 

If published, please send a voucher copy  

by mail to Patricia Müller  

or by e-mail to patricia.mueller@mapal.com. 


