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Introduction and motivation

 RhySearch - The Rhine Valley Research and Innovation Centre 
 Competence centre for precision and ultra-precision machining

 Expertise in design for precision components

 Inspire icams - Innovation Center for Additive Manufacturing 
Switzerland
 Competence centre for additive manufacturing

 Expertise in integration of sensorics and actuators in AM

 SwissOptic - A member of the JENOPTIK Group
 SwissOptic AG is specialized in high-precision, customer-specific optics for 

applications in the light-using industry

 Potential of precise post processed additive manufactured components 
for optical applications
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Introduction and motivation

 Great potential based on capability of additive manufacturing 
(SLS / SLM of metal) 
 Lightweight structures

 Intricate cooling channels 

 Complexity for free

 Rather low precision and poor surface quality
 For interfaces / function with tight tolerances and / or high surface 

quality post processing is needed 

 Thermic nature of the process can leave strong residual 
stresses
 For residual stress free workpieces a heat treatment is necessary

 It is also possible to integrate further components in the SLS 
process to enable highly integrated new functionalities
 Conflict with heat treatment may result

  Motivation: need to control and counteract to the effects of 
residual stresses in workpieces with no need to expose 
workpieces to high temperatures

Source: Functionality 
integration in powder
bed based additive 
manufacturing
Processes, Doctoral 
Thesis Philipp Stoll, 2020

Examples of sensor 
integration at inspire
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Experimental principle

 Additive manufacturing of reference workpiece 

 Reference workpiece
 Two half cylinders

 Outer diameter of 48 mm

 Wall thickness 5 mm

 Total length 65 mm

 Iterative measurement of workpiece between cuts on machine tool
 1 - Cutting of clamping surface

 2 - Cutting of measurement surface on the tip

 3 - Reference measurement (starting position) of the half shell

 4 - Cutting along outer diameter on a length of 31 mm

 5 - Repetition of measurement on the tip surface 

 The experiment itself is realized by repeating operations 4 and 5 several times

 Measurements are performed on the machine tool after every two cuts on the outer 
surface of the shell

 For every experiment two workpiece with two half shells were produced, machined 
and measured, resulting in 4 single measurement
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Methods

 Additive Manufacturing
 Process: Selective laser melting

 Machine: Concept Laser M2 additive manufacturing machine 
(Concept Laser GmbH Germany)

 Laser: Nd-YAG fibre with maximum continuous power of 400 
W @ 1064 nm

 Powder: Invar 36 (from Sandvick)

 Baseline additive manufacturing (relative material density 
measured with Archimedes method of 99.7%).

 Stress relief annealing (if performed)
 heating ramp to 850°C in 2:45h

 holding time of 1h

 cooling to room temperature (23°C) in 4:40h

AM Parameter Value Unit
Power P 200 W

Scanning speed v 900 mm/s

Hatch h 100 µm

Layer thickness t 30 µm

Spot size 80 µm

Scan strategy Island scanning [1] 10 mm x 10 mm

 Baseline parameters

[1] E. H. Valente, C. Gundlach, T. L. Christiansen, and M. A. J. Somers, “Effect of Scanning Strategy During Selective Laser Melting
on Surface Topography, Porosity, and Microstructure of Additively Manufactured Ti-6Al-4V,” 2019, doi: 10.3390/app9245554
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Methods

 Precision manufacturing
 Machine: ultra-precision MTC 650 turning machine from LT-Ultra (LT 

Ultra-Precision Technology GmbH)

 The workpiece is clamped with six M5 screws on a pre-machined 
surface to guarantee a good positioning of the cylinder to be 
machined

 A cut is performed on the tip of the workpiece to ensure a clean 
measurement surface on the whole circumference

 Baseline cut:

Cutting parameter Value Unit
Tool Seco Tool DCMT11T304-F1 TP1030 -

Lubrification Minimum quantity lubrification (MQL) -

Lubricant Vascomill MMS FA 2 -

Rotational speed Ω 400 min-1

Cutting depth, ap 0.1 mm

Feed, f 0.01 mm/R
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Methods

 Measurement
 measurement to characterize the exact starting position

 The measurement is done by touching the workpiece on the surface 
with a Renishaw tactile probe MP250 with a 5 mm diameter ball and 
a touching speed of 20 mm/min

 Since the measurement is happening on a turning lathe, the 
measurement is performed moving the tactile probe in X direction 
and turning the workpiece with the spindle around the Z axis.

 The measurement data is stored by saving the corresponding axis 
position of the measurement, corrected with the previous calibration 
of the tactile probe

 Over the circumference a total of 30 points are measured resulting 
with 15 points per half shell
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 Example of measured deformation on additive 
manufactured baseline in machine coordinates 
of a single measurement

 Cut 0 and its circle fit are represented together 
with the measurement after the last cut (cut 10)

Methods

 Overview of the parameter variations

 Energy density 

Exp.
No.

Workpiece Cutting
parameters

Varied
parameter

Energy
density

1 Traditional Baseline n.n. -

2 Additive Baseline n.n. 74 J/mm3

3 Additive Smaller cutting 
depth

ap = 0.05 mm 74 J/mm3

4 Additive Higher cutting 
speed and 
smaller cutting 
depth

ap = 0.05 mm
Ω = 1200 min-1

74 J/mm3

5 Additive Baseline Stripes [10] 74 J/mm3

6 Additive Baseline 360 W, 50 µm 
layer thickness

80 J/mm3

7 Additive Baseline Stress relief 
annealing

74 J/mm3

[1] E. H. Valente, C. Gundlach, T. L. Christiansen, and M. A. J. Somers, “Effect of Scanning Strategy During Selective Laser Melting on Surface Topography, 
Porosity, and Microstructure of Additively Manufactured Ti-6Al-4V,” 2019, doi: 10.3390/app9245554



10

Results

 From the single measurement the mean value of every data point is calculated and represented in polar 
coordinates as a difference from the reference measurement (cut 0) 

 Overall the whole experiments a mean standard deviation smaller then 10 µm was observed 
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Results

 Comparison experiment 1 and 2
 The traditional machined (hot rolled peeled FeNi36 alloy bar with a 

diameter of 70 mm, annealed at 720°for 5 hours) show some 
distortion, which may come partly from the cutting process and some 
smaller residual stresses

 The additive manufactured workpiece shows a greater deflection after 
the cutting process than the traditional machined workpiece

 Subtracting material from the outer shell the established stress 
equilibrium of the workpiece is disturbed, allowing the part to bend 
towards the center

Exp.
No.

Workpiece Cutting 
parameters

Varied parameter Energy
density

1 Traditional Baseline n.n. -

2 Additive Baseline n.n. 74 J/mm3

3 Additive Smaller cutting depth ap = 0.05 mm 74 J/mm3

4 Additive Higher cutting speed 
and smaller cutting 
depth

ap = 0.05 mm
Ω = 1200 min-1

74 J/mm3

5 Additive Baseline Stripes [1] 74 J/mm3

6 Additive Baseline 360 W, 50 µm layer 
thickness

80 J/mm3

7 Additive Baseline Stress relief 
annealing

74 J/mm3



12

Results

 Comparison experiment 2 and 3
 By taking a larger number of cuts with smaller cutting depth 

ap (0.05 mm instead of 0.1 mm) the resulting deflection of 
the part is even larger 

 This may be caused by a longer exposure to the cutting 
force, of which the normal component is not expected to be 
directly proportional to the cutting depth

Exp.
No.

Workpiece Cutting 
parameters

Varied parameter Energy
density

1 Traditional Baseline n.n. -

2 Additive Baseline n.n. 74 J/mm3

3 Additive Smaller cutting depth ap = 0.05 mm 74 J/mm3

4 Additive Higher cutting speed 
and smaller cutting 
depth

ap = 0.05 mm
Ω = 1200 min-1

74 J/mm3

5 Additive Baseline Stripes [1] 74 J/mm3

6 Additive Baseline 360 W, 50 µm layer 
thickness

80 J/mm3

7 Additive Baseline Stress relief 
annealing

74 J/mm3
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Results

 Comparison experiment 2 and 4
 Experiment 4 shows similar but slightly lower distortion then 

experiment 3 (no significant change) 

 This shows a poor influence of the cutting speed on the 
distortion of the machined part

 The overall higher process forces at higher cutting speeds 
may counteract with the lower machining time

Exp.
No.

Workpiece Cutting 
parameters

Varied parameter Energy
density

1 Traditional Baseline n.n. -

2 Additive Baseline n.n. 74 J/mm3

3 Additive Smaller cutting depth ap = 0.05 mm 74 J/mm3

4 Additive Higher cutting speed 
and smaller cutting 
depth

ap = 0.05 mm
Ω = 1200 min-1

74 J/mm3

5 Additive Baseline Stripes [1] 74 J/mm3

6 Additive Baseline 360 W, 50 µm layer 
thickness

80 J/mm3

7 Additive Baseline Stress relief 
annealing

74 J/mm3
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Results

 Comparison experiment 2 and 5
 Experiment 5 show a different scanning strategy

– Stripes instead of islands (10x10 mm)

 There is no significant change compared to experiment 2

Exp.
No.

Workpiece Cutting 
parameters

Varied parameter Energy
density

1 Traditional Baseline n.n. -

2 Additive Baseline n.n. 74 J/mm3

3 Additive Smaller cutting depth ap = 0.05 mm 74 J/mm3

4 Additive Higher cutting speed 
and smaller cutting 
depth

ap = 0.05 mm
Ω = 1200 min-1

74 J/mm3

5 Additive Baseline Stripes [1] 74 J/mm3

6 Additive Baseline 360 W, 50 µm layer 
thickness

80 J/mm3

7 Additive Baseline Stress relief 
annealing

74 J/mm3
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Results

 Comparison experiment 2 and 6
 Experiment 6 shows the results of an additive 

manufactured part with higher energy density

 Here a slightly higher deformation can be observed

 Remarkable is the higher deformation of the workpiece in 
the middle (0°) also after a few cuts

Exp.
No.

Workpiece Cutting 
parameters

Varied parameter Energy
density

1 Traditional Baseline n.n. -

2 Additive Baseline n.n. 74 J/mm3

3 Additive Smaller cutting depth ap = 0.05 mm 74 J/mm3

4 Additive Higher cutting speed 
and smaller cutting 
depth

ap = 0.05 mm
Ω = 1200 min-1

74 J/mm3

5 Additive Baseline Stripes [10] 74 J/mm3

6 Additive Baseline 360 W, 50 µm layer 
thickness

80 J/mm3

7 Additive Baseline Stress relief 
annealing

74 J/mm3
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Results

 Comparison experiment 2 and 7
 Experiment 7, where the additive manufactured workpiece 

has been stress relief annealed, shows the expected 
reduction of the distortion

 This confirms that, although influences of the cutting 
parameter are observed, the distortion comes from the 
residual stresses introduced by the additive manufacturing

Exp.
No.

Workpiece Cutting 
parameters

Varied parameter Energy
density

1 Traditional Baseline n.n. -

2 Additive Baseline n.n. 74 J/mm3

3 Additive Smaller cutting depth ap = 0.05 mm 74 J/mm3

4 Additive Higher cutting speed 
and smaller cutting 
depth

ap = 0.05 mm
Ω = 1200 min-1

74 J/mm3

5 Additive Baseline Stripes [10] 74 J/mm3

6 Additive Baseline 360 W, 50 µm layer 
thickness

80 J/mm3

7 Additive Baseline Stress relief 
annealing

74 J/mm3
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Conclusion and outlook

 The comparison between the different experiments show an expected strong influence of residual stresses induced by the 
SLM process (in comparison the traditional and stress annealed part show only a small distortion)

 A maximal distortion of about 0.08 mm has been observing, while removing a total depth of 1 mm of the outer shell over a 
length of 31 mm 

 This distortion can be drastically reduced by a stress relief heat treatment

 If this is not possible for any reason, other strategies must be developed

 The tested variations of AM parameters (scan strategy and power) don’t show big influences on the deformation of the 
workpiece

 Influence of cutting parameters are observed (fewer deep cuts are recommended for smaller distortions)

 Furthermore, a reduction of distortion can be obtained by minimizing the total cut volume (depending on the precision of 
the additive manufactured process)

 To further reduce distortions with no heat treatment the workpiece can be designed such to have additional cuts, which 
can counteract to the presented distortion

 This can be done for example by removing material also at the internal surface of the shell to introduce a counteracting 
distortion

 Further work including simulation of the process involved could give a better understanding of the behaviour
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Herzlichen Dank 

für Ihre Aufmerksamkeit

www.rhysearch.ch
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-

[1] E. H. Valente, C. Gundlach, T. L. Christiansen, and M. A. J. Somers, “Effect of Scanning Strategy During Selective Laser Melting
on Surface Topography, Porosity, and Microstructure of Additively Manufactured Ti-6Al-4V,” 2019, doi: 10.3390/app9245554


	�Parameter study on distortion during precision turning of additive manufactured half shells in Invar�Raoul Rotha*(3), Rico Weberb, Jasmin Zanolaria, Kabil Ramadania, Adriaan Spieringsb(3), Mileva Pavlica-Patiglerc��71st CIRP General Assembly in Bilbao, Spain, 21-27 August 2022��
	Introduction and motivation
	Introduction and motivation
	Content
	Experimental principle
	Methods
	Methods
	Methods
	Methods
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Conclusion and outlook
	Foliennummer 18
	Foliennummer 19
	-

