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Abstract

This paper investigates adaptive milling strategies. available in computer-aided manufacturing systems can generate
different toolpaths even when the same geometty, tool, and workpiece material are used. This study compares SolidCAM
iMachining, Siemens NX 3D Adaptive Roughing, and Autodesk Fusion 360 Adaptive Clearing under workshop
conditions. A test component containing an open pocket, an open pocket with an island, and a closed pocket was machined
from steels DIN 1.0503 and DIN 1.7225 and stainless steel DIN 1.4404 using an 8 mm four-flute cemented-carbide end
mill. Machining time was measured directly on the CNC machine, while tool condition and process behaviour were
documented during repeated tests. Fusion 360 produced the shortest total machining time, approximately 15% below
SolidCAM and 31% below Siemens NX:'However, Fusion 360 showed earlier tool clogging when machining DIN 1.4404,
whereas SolidCAM maintained the most stable process during repeated cutting. Siemens NX required the longest
machining time and exhibited pronounced tool loading. The results show that CAM strategy selection cannot be based on
cycle time alone; toolpath.continuity, entry motion, and tool condition must also be considered when selecting an adaptive
roughing strategy
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1. Introduction

Computer-aided manufacturing systems translate product geometry and technological inputs into executable machine-
tool motion. In addition to the workpiece model, programming requires information about the machine, tooling, stock,
material, postprocessor, and permissible feed and acceleration limits [1]. Cutting-tool definitions also require consistent
geometric data such as diameter, cutting-edge length, flute number, corner radius, and helix angle [2]. Although modern
systems automate many settings, technological control remains necessary because software environments still generate
and transfer machining parameters differently.

Adaptive roughing is intended to maintain a more uniform tool engagement by combining a relatively small radial
engagement with a larger axial depth and smooth changes of direction [6]. The practical result depends on how the CAM
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algorithm connects cutting passes, enters enclosed regions, and limits engagement in corners. Measurements of
conventional milling and iMachining in open and closed pockets have also shown that the claim of constant tool load
must be evaluated using the actual cutting-force response [7].

Toolpath geometry and cutting parameters must therefore be assessed together. The definition of the end mill,
including its flute and edge geometry, provides an additional basis for interpreting tool engagement and chip evacuation
[2]. Process monitoring can provide supporting evidence because vibration and acoustic emission respond to changes in
cutting conditions and stability [8]. These considerations support a multi-criterion comparison rather than a ranking based
only on simulated cycle time.

The present study compares three commercial adaptive roughing strategies: SolidCAM iMachining, Siemens NX 3D
Adaptive Roughing, and Autodesk Fusion 360 Adaptive Clearing. The research question is whether the three systems,
when applied to the same test features and tool specification, produce meaningful differences in measured machining
time, toolpath behaviour, and observed tool condition. The primary criterion is machine time measured on the CNC
machine; qualitative tool-condition observations are used to interpret whether the shortest cycle also provides a stable
cutting process.

2. Materials and Methods
2.1. Workpiece materials and test component

The experiment used non-alloy steel DIN 1.0503, Cr-Mo steel DIN 1.7225, and austenitic stainless steel DIN 1.4404.
DIN 1.0503 is commonly used for moderately loaded machine components [3]. DIN 1.7225 is characterised by higher
hardenability and wear resistance [4], while DIN 1.4404 represented the most difficult material in the test group because
of its tendency to work harden and adhere to the cutting edge [5]. The tests involving DIN 1.7225 and DIN 1.4404 were
each repeated on three separate blanks, whereas DIN 1.0503 was tested-only once because the initial run did not reveal
differences large enough to justify further repetitions within the preliminary experiment. Consequently, the present dataset
is not balanced across the material groups and does not provide assufficient basis for reliable statistical testing. Future
experiments will therefore employ an equal number of repetitions for all three materials to enable statistically robust
comparisons of the effects of workpiece material and CAM strategy.

Material Material group Test repetitions
DIN 1.0503 Non-alloy steel 1
DIN 1.7225 Cr-Mo steel 3
DIN 1.4404 Austenitic stainless steel 3

Table 1. Workpiece materials and experimental repetitions

The test component contained three representative features: an open pocket, an open pocket with an island, and a
closed pocket. Two pockets included slightly inclined walls. The closed pocket was particularly important because the
software had to generate an entry motion and then maintain adaptive engagement inside a confined region.
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Fig. 1. Test component with three pocket geometries

2.2. Cutting tool and compared strategies

All tests used a four-flute, 8 mm solid cemented-carbide end mill supplied by Hofmeister; the main geometric
parameters follow standard end-mill terminology [2]. The tool was selected as a general-purpose cutter rather than a
geometry optimized for one specific material. This choice made it possible to observe the combined influence of
workpiece material and generated toolpath without introducing a material-specific tool design

Parameter Value Parameter Value
Diameter 8 mm Cutting-edge length 19 mm
Number of flutes 4 Overall length 63 mm
Corner radius 0.1 mm Helix angle 30 degrees

Table 2. Main dimensions of the cemented-carbide end mill

The compared operations were iMachining in SolidCAM, 3D Adaptive Roughing in Siemens NX, and Adaptive
Clearing in Fusion 360. The same part geometry and tool definition were used as the comparison basis. For each
material, the target technological conditions were kept comparable, while each CAM system generated its own motion
sequence, entry strategy, links, and local engagement control.

2.3. Experimental procedure and evaluation

Each pocket was prepared as a separate numerical-control program so that its machining time could be recorded
independently. Time was measured directly during machining rather than taken only from CAM simulation. The tool
was documented before testing and inspected during the experiment. Observations included sparks during entry,
vibration, edge chipping, and material adhesion or clogging the tool face.

Machining time was the primary response. Tool condition:was treated as a supporting qualitative response because
the experiment did not measure flank-wear width, cutting forces, spindle load, or acoustic emission. This distinction is
important: the study compares process behaviour and visible tool condition, but it does not establish statistically
validated tool life for any CAM system.

3. Results and Discussion
3.1. Machining time

Fusion 360 produced the shortest total time for every tested material, while Siemens NX produced the longest.
Summed over all three materials, the recorded totals were 40.39 minutes for Fusion 360, 47.60 minutes for SolidCAM,
and 58.98 minutes for Siemens NX. Fusion 360 was therefore approximately 15.1% faster than SolidCAM and 31.5%

faster than Siemens NX. The largest separation between systems occurred in the closed pocket, where entry and the
organisation of successive levels contributed more non-cutting or less direct motion.
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Fig. 2. Total recorded machining time by material and CAM system

Material Feature SOl[i:lgl?M Fusion 360 [min] | Siemens NX [min]
DIN 1.0503 [ Open pocket 3.08 2.32 3.38
DIN 1.0503 [ Open pocket with island 9.14 7.40 10:28
DIN 1.0503 | Closed pocket 4.16 4.10 6.08
DIN 1.0503 Total 16.38 13.82 19.74
DIN 1.7225 [ Open pocket 4.39 3.30 5.07
DIN 1.7225 [ Open pocket with island 12.58 10.08 14.32
DIN 1.7225 [ Closed pocket 5.35 5.20 8.30
DIN 1.7225 Total 22.32 18.58 27.69
DIN 1.4404 | Open pocket 1.25 1.18 1.45
DIN 1.4404 [ Open pocket with island 5.10 4.38 6.10
DIN 1.4404 | Closed pocket 2.55 2.43 4.00
DIN 1.4404 Total 8.90 7.99 11.55

Table 3. Recorded machining times for the three pocket features
3.2. Generated toolpaths

The time differences were consistent with the observed motion patterns. In the closed pocket, Siemens NX first
roughed the corner radius and then completed the remaining perimeter by separate levels. The sequence was systematic
but divided the operation into more distinct segments and. transitions. Fusion 360 generated the most continuous motion:
it pre-roughed the radius and completed the remaining material on the same level with fewer interruptions. SolidCAM
behaved between these two approaches, alternating more frequently between regions of the pocket and then returning to
complete other corners or perimeter sections.

The observed motion patterns show that toolpath selection can influence machining time even when the removed
geometry is unchanged. Studies reported related evidence when comparing cutting-force behaviour for conventional
milling and iMachining in open and closed pockets [7].

3.3. Observed process behaviour and tool condition

The fastest strategy did not provide the most stable tool condition in the difficult materials. During machining of DIN
1.7225, Fusion 360 showed sparking during entry in the second test and a stronger occurrence in the third. Siemens NX
showed still more pronounced sparking-in the second test and repeated it in the third. SolidCAM completed the repeated
tests without a comparable failure; only mild sparking was observed during entry in the third test.

The distinction became clearer in.DIN 1.4404. The Fusion 360 tool clogged during entry into the final pocket in the
second test and could not be reused. The Siemens NX tool completed the second test with light sparking but clogged in a
similar entry region during the third test. SolidCAM completed the third test with light vibration and without the severe
clogging observed for the other two strategies. Figure 3 documents the tool faces after the reported tests.

(a) Fusion 360 (b) Siemens NX (c) SolidCAM

Fig. 3. Tool condition after repeated machining of DIN 1.4404
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The qualitative observations indicate a productivity-stability trade-off. Fusion 360 reduced machining time by using
more continuous and direct paths, but material adhesion developed sooner in DIN 1.4404. SolidCAM required more time
but maintained the most stable cutting behaviour across repeated tests. Siemens NX combined the longest time with
marked tool loading, showing that a longer cycle does not automatically imply a gentler process. Cutting=force
measurements of iMachining similarly demonstrate that tool-load claims should be verified experimentally under the
selected pocket geometry and cutting conditions [7].

3.4. Limitations and further work

The experiment was designed as a practical comparison and has four main limitations. First, the number of repetitions
was not balanced because DIN 1.0503 was tested once. Second, tool condition was evaluated visually rather than by a
quantitative wear criterion. Third, spindle load, cutting forces, vibration, and energy consumption were not recorded.
Fourth, the comparison represents one part geometry, one tool diameter, and one set of target conditions. The results
therefore identify system-specific behaviour for this test but do not establish a universal ranking of the software.

Further work should use the same number of repetitions for all materials, extend the cutting time and removed volume,
measure flank wear and adhesion after each feature, and record spindle load or cutting forece synchronously with the
toolpath [9]. Acoustic-emission or vibration sensing would provide an additional stability indicator [8]. Testing modified
entry motions in the closed pocket would also help determine whether the observed clogging was caused primarily by
entry geometry or by the subsequent adaptive path.

4. Conclusion

The experiment demonstrated that three adaptive roughing strategies generated materially different machining times
and tool responses for the same pocket features. Fusion 360 achieved the shortest total time, approximately 15.1% below
SolidCAM and 31.5% below Siemens NX. Its advantage came from more continuous paths and fewer interrupted
movements, particularly in the closed pocket. However, it produced the earliest tool clogging in DIN 1.4404.
SolidCAM did not achieve the shortest cycle but provided the most stable repeated machining, while Siemens NX
combined the longest time with pronounced tool loading. CAM-system selection should therefore consider both cycle
time and the way in which the generated path loads the cutter. The present findings support direct machine verification
of a CAM strategy before it is adopted for difficult materials or repeated production.
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