
Economical tur-
ning and grinding
of engine parts



The MTU Aero Engines GmbH in Munich could reduce the

throughput time for the repair of airplane engine stators

drastically by the installation of the INDEX G400 turning,

milling and grinding center in November 2002. At the same

time, the economic efficiency increased significantly due

to the realization of complete processing on one machine.

The solution found was tailored optimally to this applica-

tion and was a real challenge even for the machine manu-

facturer himself.
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“We used to do the turning and grinding on two different

machines. At that time, the operator had to adjust the setting

angle with the straightedge and control the grinding process

manually.” Walter Schoefbeck is fully satisfied with the new

acquisition of his G400 turn mill center from the RatioLine

series of the INDEX-Werke in Esslingen, Germany (Fig. 1). Mr.

Schoefbeck is the industrial foreman responsible for the repair

and the CM (customer market) departments at MTU Aero

Engines GmbH in Munich, and responsible for the operations

scheduling of the “RB 199” airplane engine (Fig.2).

Under his supervision, engine components - rotors and stators-

are restored. With the help of the G400, the MTU servicing

team has taken an import step in the direction of complete

machining. The main application of the new machine is the

machining of the engine stator: Turning the barrier coatings to

size and finish grinding the guide blade tips.

Compulsion of reducing the throughput times

“Originally, we were purely an assembly department and had

no machining tools at all”, Mr. Schoefbeck explains. Machining

then took place in the repair department, where the used up

stator barrier coatings were removed. The compulsion to redu-

ce the throughput times does not make exceptions in engine

repair either. Machining on two different machines was quite

time consuming: Turning on a CNC lathe and grinding on a con-

ventional lathe where a support grinder with grinding wheel

was mounted instead of a turning tool. In addition, transporta-

tion had to take place between the repair and assembly depart-

ments.

Today, the “real assembly department” has a new turn mill

center for stator machining, a grinding machine for rotor 

machining (a custom made, high speed grinder with laser mea-

suring system), along with three balancing machines. Not only

did this mean concentrating more working steps on one machi-

ne and in one department, it also reduced the throughput

times to less than half. Today, two stators are completely

machined each working day.
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Fig. 1: A made-to-order project: Walter Schoefbeck, Siegfried

Koestlin and the responsible machine operator (from the left)

in front of the INDEX G400 production center

Fig. 2: The RB199 is a three-

shaft, turbofan engine with

afterburner and thrust rever-

ser.

Source: MTU  Aero Engines

GmbH, Munich



Working precision is an absolute must

Airplane engines and their components are subject to extreme

safety requirements. When the board computer signals the

end of the specified duration of use, the engine is removed,

disassembled completely or into modules, and sent to repair.

There, the components are examined and either discarded or

repaired, depending on their condition. The individual parts,

having thus been repaired, are built into a complete engine

again by the assembly department. The repair of an engine sta-

tor comprises, among other things, removing and substituting

damaged guide blades along with removing the consumed

barrier coatings by a coarse preliminary turning and a 

complete removal in the galvanic bath.

Afterward, the components are checked for cracks, and mea-

sured. The barrier coatings are applied by thermal spraying. The

stators are first screwed together without guide blades, and

the sprayed-on barrier coatings are turned out to the defined

inner diameter. This turning out to size as well as the later finish

grinding of the guide blade tips is absolute working precision:

At first, the respective rotor is grounded to the desired outer

diameter and, afterward, the stator barrier coatings are turned

out to size, fitted to the rotor outer diameter made in this way.

With this type of “complementary grinding”, very high preci-

sion is attained in the tip clearance between rotor blades and

stator coating. Afterward, the guide blades that have likewise

been serviced are set into the stator housing (Fig. 3). The hou-

sing is “united” with the individual guide blade levels and the

blade tips are subsequently finish ground. Here, too, extreme

precision is required because this stage of machining defines

the tip clearance between rotor friction coating and guide

blade. 

Turning and grinding - completely on one machine

Carrying out both of these precision related machining proces-

ses - the turning of the coatings and the grinding of the guide

blades - on one machine was therefore urgently required for

reasons of time and quality. When machining was previously

done separately on two different machines, the operator had to

measure every single blade on each level several times with a

calibrating tool to set a level to the right measurement. This

method was time-consuming and, additionally, the process not

easy to control. This was because, in the assembly depart-

ment, an engine could not be completely assembled until the

serviced components - rotor and stator - were delivered. By

realizing the complete machining on one machine and the inte-

gration of this machining step into the assembly department, it

was possible to kill three birds with one stone: less expenditu-

re in the planning, decreased throughput times, and higher pre-

cision. It took, however, over more than two years to find the

appropriate machine. There are, to be sure, machines for com-

plete machining with which turning and grinding are possible,

but “it’s necessary to take a good look at the investment”.

Walter Schoefbeck: “For the longest of time we found no

machine manufacturer that could fulfill our requirements within
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Fig. 3: Engine stator with mounted guide blades

Fig. 4: Measuring the internal diameter of the coating; not an

easy thing to do because of the staggered geometrical forms



a reasonable economical framework - or that wanted to.”

Many machine tool manufacturers could offer grinding on a

lathe, the problem area was always the in-process measuring

of the guide blade tips (Fig. 4). A vertical solution was favored

at first, a lathe in the form of a carousel. These machines,

however, are usually configured for heavy components and

accordingly expensive. There were contacts made with

various companies and institutes, but all proposed solutions

turned out to be hardly economical. The quality of the contacts

was as variable as the offer of machines; even among the

renowned manufacturers, there were those that “promised

much, but held little of what they promised.”

Product and manufacturer convinced at first sight

Finally, Mr. Schoefbeck got onto the INDEX-Werke of

Esslingen at a machine tool trade fair: “The company appea-

led to me immediately because of the depth of their produc-

tion and the quality of their products.” “A good collaboration

with the machine manufacturer,” was of special importance to

Mr. Schoefbeck, “because, as an assembly department, we

did not have much experience with machining tools”. The new

G400 turn mill center of the RatioLine series immediately

gave the industrial foreman the impression that the machine

was suited for the job. In addition came the eager response of

the responsible ones at INDEX to concern themselves with

his individual machining problems. What fascinated him about

the machine was, above all, the flexible multi-functional unit

for turning, drilling and milling that controls autonomously the

tool change without gripper mechanisms that require much

maintenance (Fig. 5). “We modified this turn-drill-mill head for

MTU application to be able to grind with it, too”, explains

INDEX regional sales director Siegfried Koestlin (Fig. 1). At the

end, the decision was made in favor of INDEX because of the

good price/performance ratio and the convincing over-all con-

cept of the machine. Components were sent to INDEX to

make tests and to work out possible solutions accordingly.

Naturally, the responsible ones at INDEX were on-site at MTU

- a form of constructive collaboration that Mr. Schoefbeck was

by no means offered by every manufacturer. The final result

was the smaller of the two G400 variants, without counter

spindle, installed made-to-order in November of 2002 (Fig. 6).

“Staggered measurement” - the challenge mastered

Regional sales director Siegfried Koestlin sums it up:

“Grinding is nothing new for our machines, even in the verti-

cal zone. The application in this case was new for us too,

however. We had to cool the grinding spindle with air becau-

se we work dry. Measuring was an important point. We offer,

to be sure, in-process measurement as standard, but here a

staggered measurement of the guide blade tips was involved

- just like with an interrupted section. Finding a solution gave

even us somewhat of a headache. Another exceptional aspect

is the dust extraction that was developed.”

This solution has proven itself, too, according to Walter

Schoefbeck. “First of all, the component that is about to be

assembled does not become soiled and, secondly, the opera-

tor is protected from detrimental dust particles.” The guide bla-

des are composed of a nickel or titanium alloy and the ther-
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Fig. 5: A look inside the working area of the G400: the B axis

makes possible finish grinding the blade tips in the required

inclination

Fig. 6: INDEX G400 modular design; here without counter

spindle



Fig. 9: The tips of the guide blades are finish ground to crea-

te an exact tip clearance to the rotor coating.

past.”

Machining a stator today requires a total of about 4.5 hours: 

turning approx. 1.5 hrs (Fig. 8) and grinding 3 hrs., including

changeover. The last work step is the brushing off of the grin-

ding burr from the bladetips. A rotary brush from the tool

changer is automatically inserted, the rotary direction of the

tool is changed and the burr is brushed away.

The high expectations fulfilled

Walter Schoefbeck could also convince himself of the machi-

ne’s precision: Even though a precision tolerance of 0.05 mm

satisfies the requirement in the diameter, during the installa-

mally sprayed on barrier coatings are a type of aluminum

oxide. On the MTU machine, the dust particles that arise are

exhausted with a special suction arm directly at the machining

point.

There is another something special about the grinding of the

guide blades:  Each stator has several guide blade levels with

varying diameters. Additionally, the guide blade tips are incli-

ned in the axis, making machining increasingly complicated

(Fig. 7 and 9).

This requirement, too, Mr. Koestlin could meet together with

the INDEX technologies: “The inclination is made possible

technically by means of the B axis of the multi-functional unit.

Thus setting each level by hand has become a thing of the

Fig. 7: Finish grinding the tips of the guide blades. The requi-

red slant is achieved with the B axis.

The company

MTU Aero Engines GmbH is the leading engine manufactu-

rer in Germany and is ranked very high internationally in all

significant regions and markets. The company was made a

100% subsidiary of the Daimler Chrysler AG in July of 2000.

MTU and their subsidiaries employed at the end of 2001 a

total of 7,839 employees, 5,340 thereof at their site in

Munich alone. The turnover was around 2.5 bil. Euro in 2001,

reducing to 2.2 bil. in 2002. The number of employees in the

group has even increased to 8,736. MTU has thus maintai-

ned itself well despite the crises in air travel.
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Fig. 8: Part of the complete machining: turning the stator bar-

rier coatings to size



tion tests the machine attained a precision tolerance of

0.01 mm.

After several months of operational experience, Mr. Schoef-

beck is more than satisfied about how he decided to invest.

“The collaboration with INDEX was very good, all promised

features were fulfilled and the support during operations 

functioned excellently.” INDEX also compiled the machining

program along with all subroutines and trained the employees

on site. Two weeks after acceptance of the installation, they

could already go into series production. 

“Till date, we’ve had no significant interruptions worth men-

tioning”, says Mr. Schoefbeck. “Smaller problems were solved

immediately by telephone. The expectations we have placed

on the machine and its manufacturer have been fulfilled one

hundred percent.”

The new machine has proven itself in such a short time that

requests are already coming in for the machining of other com-

ponents. The goal is to extend the coverage of the G400 to the

widest spectrum of parts.
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