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Abstract: In this paper | present a research based on technological problem encountered in the machining parts specific aerospace
industry made from aluminum alloy extruded profile with length up to 6 meters. Those parts have very tight tolerances, during milling
process appear several factors that influence the repeatability of machining processes.
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1. Introduction

The major factor which affects our machining process is the
internal stress of the aluminium alloy extrusions. To determinate
this influence were made several tests, representing parts used for
aerospace industry (Fig. 1), those parts were measured through
coordinate measuring machine and all data was recorded for
statistical analysis. Based on input data was determinate a proper
machining strategy and additional was added a scale coefficient to
eliminate deviations caused by material internal stress to obtain
parts in tolerance [1].
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Fig. 1 Aerospace part assembled view

Through several tests and recording all dimensions
changes during the milling process, was obtained a repeatability of
the machining process [2].

2. Machining environment

The machining process is performed in a normal processing
unit, with climate control and the CNC machine used is Handtmann
HD 600 (Fig. 2). The CNC machine provides temperature
compensation based on environment temperature fluctuation and
also it is equipped with chiller system to maintain constant the
coolant temperature [3].

Fig. 2 Handtmann HD 600.

The PBZ NT is a powerful profile machining centre with fixed
portal offers dynamic and flexible machining of aluminum profiles,
providing excellent precision and performance (Fig. 3) [4].
Developing an optimum machining results with best accuracy, high
material removal rates as well as short machining times and reduced
cost per part are the outcome. The PBZ HD provides full 5-axis
simultaneous machining [5].

Fig. 3 Simulation view

All machined parts specific for aerospace industry are validated
by CMM (coordinate measuring machine), placed in a room without
temperature control environment.

CMM is a device for measuring the physical geometrical
characteristics of an object. The typical 3 "bridge” CMM (Fig. 4) is
composed of three axes, an X, Y and Z [6].

Fig. 4 Metris CMM, 3 "bridge" used for parts control
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These axes are orthogonal to each other in a typical three-
dimensional coordinate system. Each axis has a scale system that
indicates the location of that axis. The machine will read the input
from the touch probe, as directed by the operator or programmer.
The machine then uses the X, Y, Z coordinates of each of these
points to determine size and position with micrometer precision

typically.

Metris is an high quality and innovative metrology solutions to
a wide range of industries.

The research was conducted on extruded aluminium alloys
work pieces with 6000 mm length, used in aerospace industry (Fig.
5), with a wide range of alloys and treatments. With thin walls and
the section represents a high resistance to shock and breakage,
develop from advanced alloys tailored for specific applications to
help find the right balance of strength, damage tolerance, and
corrosion resistance.

Fig. 5 Machined part view.

With thin walls and the section represents a high resistance to
shock and breakage [7], develop from advanced alloys tailored for
specific applications to help find the right balance of strength,
damage tolerance, and corrosion resistance.

The problem appear after machining process for those parts is
the ribs position have deviation out of tolerance on X-axis based on
the datum reference (Fig. 6). The tolerance for the ribs is £ 0.5 mm.

Fig. 6 Datum reference and ribs position.

3. Machining approach

The parts geometry is constrained by one middle hole. After
processing four pieces with the first machining approach, they were
measured in CMM. In Table 1 are represented the measurement
values of the ribs position based on reference hole.

Table 1: Measurement result after first machining approach.
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-1041.5 -0.199 -0.269 -0.207 -0.188
-806.5 -0.15 -0.21 -0.153 -0.138
-641.5 -0.108 -0.155 -0.108 -0.096
-476.5 -0.087 -0.136 -0.083 -0.077
-246.5 -0.048 -0.061 -0.046 -0.043
33.5 -0.12 -0.171 -0.194 -0.178
313.5 -0.203 -0.25 -0.262 -0.247
543.5 -0.253 -0.311 -0.309 -0.286
708.5 -0.284 -0.335 -0.334 -0.31
873.5 -0.314 -0.385 -0.369 -0.345
1108.5 -0.357 -0.419 -0.398 -0.372
1343.5 -0.396 -0.473 -0.439 -0.414
1590.7 -0.447 -0.525 -0.492 -0.463
1757.5 -0.483 -0.461 -0.51 -0.493
1812.5 -0.486 -0.564 -0.5 -0.469
1904.5 -0.499 -0.599 -0.521 -0.488
2376 -0.606 -0.577 -0.627 -0.641
2535 -0.646 -0.756 -0.648 -0.681
2683 -0.677 -0.8 -0.674 -0.727

R'go’;?tri';':a' P1 P2 P3 P4
2617 | 0504 0,678 0,533 20,449
2469 | 047 20.634 0505 0412
18395 | 0393 0511 20,402 0317

7475 | 0382 0,478 20,391 20,307
16025 | -0.351 20.46 0371 20,084
15237 | 0316 0,416 033 20,307
12765 | 0248 033 20.269 0.4
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By analyzing the results was determinate an material
contraction to the middle of the part. The maximum deviation value
based of the nominal position is -0.8 mm, on chart analyzing is
visible an polynomial growth (Fig. 7).

First machining approach
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Fig. 7 First machining approach results.

It is visible the final part contraction at both ends caused by
internal stress (Fig. 8).

Fig. 8 Part contraction

The solution for this issue is to determinate based on obtained
deviation values, an scale coefficient which will be applied during
the machining process. For tests was determinate an scale
coefficient of 1.00017 [8].
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For example the machined parts have approximately 6000 mm
length, the part work offset (datum) is on the middle. The scale
coefficient will be applied based on work offset. If the last rib
position will be on 2600 mm from the work offset, using the scale
coefficient 1.00017, the CNC machine position will be 2600.442
mm. Using this scale coefficient was machined four pieces. In Table
2 are represented the measurement values of the ribs position based
on reference hole after second machining approach.

Table 2: Measurement result after second machining approach.

ngor;(i)t?y:al P5 P6 p7 P8
-2617 -0.122 0.001 -0.064 -0.145
-2469 -0.118 0.008 -0.068 -0.15
-1839.5 -0.061 0.062 -0.066 -0.156
-1747.5 -0.036 0.052 -0.036 -0.139
-1692.5 -0.074 0.049 -0.026 -0.115
-1523.7 -0.063 0.04 -0.043 -0.134
-1276.5 -0.091 0.015 -0.075 -0.15
-1041.5 -0.088 0.015 -0.089 -0.162
-806.5 -0.096 0.005 -0.112 -0.165
-641.5 0.1 -0.001 -0.112 -0.149
-476.5 -0.081 0.007 -0.128 -0.162
-246.5 -0.069 -0.015 -0.153 -0.172
33.5 -0.099 -0.034 -0.188 -0.191
313.5 -0.109 -0.06 -0.234 -0.189
543.5 -0.124 -0.089 -0.266 -0.217
708.5 -0.12 -0.092 -0.264 -0.217
873.5 -0.106 -0.088 -0.278 -0.221
1108.5 -0.097 -0.089 -0.268 -0.205
1343.5 -0.087 -0.099 -0.262 -0.195
1590.7 -0.115 -0.125 -0.285 -0.186
1757.5 -0.1 -0.115 -0.26 -0.191
1812.5 -0.096 -0.113 -0.254 -0.166
1904.5 -0.097 -0.1 -0.255 -0.171
2376 -0.073 -0.127 -0.261 -0.195
2535 -0.092 -0.152 -0.258 -0.193
2683 -0.091 -0.146 -0.26 -0.202
It is visible an improvement on the ribs positions. If the scale

coefficient is applied the internal stress from extrusion is eliminated
and ribs are in tolerance (Fig. 9).

Second machining approach
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—Lower tolerance

Deviation on X axis [mm]
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Fig. 9 Second machining approach results.
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4. Conclusions

This experimental research bring a solution using scaling
coefficient approach on CNC machine, which eliminates the
deviations created by internal stress of the extruded profiles. This
methodology improve the machining process control and creates an
manufacturing repeatability.

Future improvement which create better precision on the final
part will be to apply an temperature coefficient to eliminate the
environment temperature fluctuation [9].

The original contribution for this research is: creating a solution
based on CNC machining approach to solve the deviations problem.
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