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3D Coordinate measuring machine 

Ruby probe and reference object 

3D-Coordinate measuring machine Zeiss Prismo Vast 
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Material design: 

High percentage of alloying 

elements (Cr > 10.5 %) 

Microstructure: 

- ferritic 

- martensitic 

- austenitic 

- austenitic-ferritic 

Main properties: 

Chemical resistance against 

corrosive media 

Favorable  values for 

strength and toughness 

Low heat conductivity and 

high specific heat capacity 

Chemical 

industry 

Construction 

Power engineering 

Offshore 

technologies 

Screws and 

bolts 

Housewares 

Hesterberg 

Burr Formation and Reduction Strategy in 

Turning Austenitic-Ferritic Stainless Steel 

Institute of Machining Technology  



X2CrNiMoN22-5-3 

Machining behavior Mechanical Properties 

ÅThe favorable values for strength and toughness 

lead to high thermomechanical loads in machining 

operations. 

ÅLow heat conductivity increases the thermal tool 

loads. 

ÅThe adhesion tendency leads to material deposits 

on the tool.  

ÅHigh ductility exacerbates chip breakage. 

Tensile strength Rm 

Tensile yield strength Rp0,2 

Notched bar impact work 

Av at RT 

Elongation at fracture Amin  

Hardness HRC 

Reduction at fracture Zmin 

531 N/mm2 

737 N/mm2 

36.7 % 

75 % 

100 J 

28.2 

High loads on the tool 

and the workpiece 

Unfavorable chip breakage 

and affection to burr formation  

Low tool life and 

process reliability 

Heilmann 

Burr Formation and Reduction Strategy in 

Turning Austenitic-Ferritic Stainless Steel 

Experimental set-up ï Workpiece material 
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0.8 mm 

Vz = 250 cmį Vz = 50 cmį 

5 mm 5 mm 5 mm 

Burr Formation and Reduction Strategy in 

Turning Austenitic-Ferritic Stainless Steel 

Vz = 500 cmį 

Material:   X2CrNiMoN22-5-3 Cutting Speed:  vc  = 150 m/min 

Cutting material: HC-M25  Feed:  f  = 0.15 mm 

Tool:  CNMG120408 Depth of cut:  ap = 2.5 mm 

Cooling concept: Emulsion Volume removed:  Varies 
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Turning machine 
CO2 pressure gas cylinder 

Burr Formation and Reduction Strategy in 

Turning Austenitic-Ferritic Stainless Steel 

Lathe Monforts RNC 602 

Driving power: 30 KW at 100 % ED 

Drive torque: 755 Nm at 30 kW 

Speed range: 28 up to 4000 min-1 

Tool magazine: 12 

Max. Diameter: 210 mm 

Max. length: 600 mm 
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Workpiece 

Supply hose 

Control wire 

Device 
CO2 nozzle 

Magnetic valve 
Turning tool 
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critical point 
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Properties of CO2: 

Non-toxic, incombustible, non-corrosive, odorless, 

higher density than air 

The liquid carbon dioxide is 

stored at a pressure of  

p = 60 bar in pressure gas 

cylinders at room temperature. 

At relaxation, the liquid CO2 

cools down rapidly (Joule-

Thomson-Effect). Because of 

that, a mixture of solid particles 

and cold gas is produced. 

The dry ice particles, in 

particular, are an efficient 

cooling medium because of the 

high cooling capacity based on 

their high enthalpy of 

sublimation. In addition, the 

cooling of the chilled goods is 

achieved by the convection of 

the cold gas.  

1 
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3 
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Heilmann 

Burr Formation and Reduction Strategy in 

Turning Austenitic-Ferritic Stainless Steel 

Experimental set-up ï Cooling medium 

Institute of Machining Technology  



Burr Formation and Reduction Strategy in 

Turning Austenitic-Ferritic Stainless Steel 
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Dry machining MQL Emulsion CO2  

a0   g0     kr     re 

6Á   9Á   95Á  0.8 mm 

Burr Formation and Reduction Strategy in 

Turning Austenitic-Ferritic Stainless Steel 

Material:   X2CrNiMoN22-5-3 Cutting Speed:  vc  = 150 m/min 

Cutting material: HC-M25  Feed:  f  = 0.15 mm 

Tool:  CNMG120408 Depth of cut:  ap = 2.5 mm 

Cooling concept: Varies  Volume removed:  Varies 
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EN AW-6060 (AlMgSi0.5) 

Mechanical properties 

Min. tensile strength Rm 

Yield point Rp0.2 

Elongation at fracture A  

Hardness HBW 

60 N/mm2 

120 N/mm2 

16 % 

50 

Machining Properties 

ÅHigh tendency to adhesion leads 

to material deposits on the tool. 

ÅHigh formability makes chip 

breakage more difficult and  leads 

to burr formation.  

milling tool 

CO2 pressure gas cylinder 
Machining center 

CO2 nozzle 

Workpiece 

Face milling cutter 

CO2 Process Cooling for Burr Reduction in Face 

Milling of Aluminum Alloys 

Experimental set-up ï Workpiece material 
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CO2 Process Cooling for Burr Reduction in Face 

Milling of Aluminum Alloys 
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CO2 Process Cooling for Burr Reduction in Face 

Milling of Aluminum Alloys 

Material:    EN AW-6060  Cutting Speed: vc  = 3000 m/min 

Tool:   Face milling cutter Feed per tooth: fz = 0.1 mm 

Cutting material:  HW-N25   Depth of cut:  ap = 1.0 mm 

Cooling concept:  Varies    

Kersting Institute of Machining Technology  

In-process cooling  

(P = 7.6 kW)  

In-process cooling  

(P = 4.5 kW)  

Dry machining 

Pre-cooling 



Material:    EN AW-6060  Cutting Speed: vc  = 1000 é 3000 m/min 

Tool:   Face milling cutter Feed per tooth: fz = 0.4 é 1.0 mm 

Cutting material:  HW-N25   Depth of cut:  ap = 1.0 mm 

Cooling concept:  Varies    
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CO2 Process Cooling for Burr Reduction in Face 

Milling of Aluminum Alloys 
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Source: Bombardier 

Burr Formation and Reduction in Machining 

Thin-Walled Light-Metal Frame Structures 

Hammer / Engbert 

Reinforced 

profile 

Supply element 

Billet 

Container 

Supply channel 

Reinforcing 

element 

Longitudinal drill hole 

Welding chamber 

Die 

Sealing element 

Concept: Source: IUL, Technische Universitªt Dortumund 

Source: Airbus 
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Burr Formation and Reduction in Machining 

Thin-Walled Light-Metal Frame Structures 

Drilling: 

Tool:  Twist drill 

Cutting material:  HW-K30 

Diameter:    d = 8.5 mm 

Cutting speed:   vc = 220 m/min 

Feed:   f   = 0.2 mm 

Bore hole diameter:  d   = 8.5 mm 

140 
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35 
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+ Short cutting time 

+ Minimal machine tool requirements 

+ Slight thermal influences on the workpiece 

+ High flexibility 

+ Favorable chip breakage and removal 

+ Low axial and radial forces 

 

ap 

f 

h 

D 

d 

vc 

Orbital milling: 

Tool:  End milling cutter 

Cutting material:  HW 

Diameter:    d = 5 mm 

Cutting speed:   vc = 375 m/min 

Feed:   f   = 0.024 mm 

Depth of cut:   ap = 4 mm 

Bore hole diameter:  d   = 8.5 mm 
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Burr Formation and Reduction in Machining 

Thin-Walled Light-Metal Frame Structures 
E

x
it

 b
u

rr
: 

Workpiece material: EN AW-6060      

Reinforcement material: 1.4310 (X10CrNi18-8) 

Reinforcment position: Centrical 

Cooling concept:  MQL 

Cutting material: HW-K20 

Cutting speed: vc = 375 m/min 

Feed:  f  = 0.05 mm 

Depth of cut:  ap = 3 mm  

Bore hole diameter:  D = 8.5 mm  

Tool diameter: d = 5 mm  
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Delamination Reduction strategys in Machining 

Fiber-Reinforced Plastics 

Advantages of reinforced  

polymer plastics  

Å Low density (1.6 g/cm3) 

Å High stiffness 

Å Adequate fatigue strength 

Å Good damping 

Å High creep strength 

Å High corrosion resistance 
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Delamination Reduction strategys in Machining 

Fiber-Reinforced Plastics 

Negative effects on 

drill hole integrity  

Cutting direction 

Fiber pull-outs 

Delaminations 

Fiber bundle cracks 

Burr formation 

Fiber bundle 

pull-outs 

Break outs 

Material:   Carbon fiber   Drilling tool:  Twist drill, d = 8 mm 

Fabric type: 2.2 twist   Cutting material: HW 

Polymer matrix: Epoxy resin   Cutting Speed: vc = 120 m/min 

       Feed:  f  = 0.15 mm 
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Orbital milling Drilling 

f = 0.05 mm ap = 0.5 mm ap = 2.5 mm 

 Axial force Fax 

 Width of delamination b 

Material:   Carbon fiber   Tools:  Twist drill / end milling cutter 

Fabric type: 2.2 twist  Diameter:  d  = 8 mm / d = 5 mm 

Cutting material: HW ïK10/ PCD  Cutting Speed:  vc = 120 m/min / vc = 60 m/min 

Fiber volume: 70 %   Feed:  Varies 

Polymer matrix: Epoxy resin  Depth of cut:  Varies   

        

   

Delamination Reduction strategys in Machining 

Fiber-Reinforced Plastics 

f = 0.25 mm 
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Flexible 

picker arm 

Tissue 

spreader 

Memory-

Metalle GmbH 

È Fatigue resistance 

È Damping  

È Wear resistance 

È Biocompatibility 

Properties 

Stent 

Memry Memry 

Burr Formation in Micro-milling of NiTi Alloys 

Experimental set-up ï Workpiece material 
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Material properties of b-NiTi 

 (austenitic, pseudo-elastic)  

Chemical composition 

Ni 

Ti 

49.4 

50.6 

at.-% 

at.-% 

Mechanical Properties 

Tensile strength Rm: 707 MPa 

Elongation at fracture dB: 20.1 % 
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Material:    b-NiTi    Cutting Speed: vc  = 33 m/min 

Tool:   End mill, d = 0.4 mm Feed per tooth: fz  = 12 Õm 

Cutting material:  HW (UF)   Depth of cut:  Varies 

Coating:  TiAlN   Pocket width:  B = 0.8 mm 

Cooling concept: MQL   Pocket length:   l = 10 mm 

Burr Formation in Micro-milling of NiTi Alloys 
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Milling strategy: 

Down-milling 

 

Material: 

Austenitic NiTi 

 

Cutting data: 

vc  = 47 m/min 

ae  = 0.25 mm 

ap  = 0,10 mm 

fz  = 0.006 mm 

Vz  = 20 mmį 

  
fz 

ae 

200 ɛm 

 

Burr Formation in Micro-milling of NiTi Alloys 

Institute of Machining Technology  KahleyÇ 



ɓ
f 
=

 5
0
Á 

 
ɓ

fN
 =

 5
0
Á 

 

 

Cutting data:  

fz 

ae 

200 ɛm 

 

vc =  47 m/min 

ae =  0.25 mm 

ap =  0.10 mm 

fz  =  0.006 mm 

Vz =  20 mmį 

ɓfN 

ɓf f 

f 

ae 

ae 

Cutting edge 

ɓf = 50Á 

ű1 
űn 

Area of surface 

production 

ɓfN = 50Á 

f 

ae 

ű 

l 

l 

 

Transfer of experimental results into simulation: 

Burr Formation in Micro-milling of NiTi Alloys 

KahleyÇ Institute of Machining Technology  



ɓfN = 50Á 

f 

ae 

ű 

l 
ɓf = 50Á 

ű1 űn l 

Optimization of the slope 

(adjustment of the NC-angle, 

avoidance of ɓfN) l 

ű 

Area of surface 

production 

 

Transfer of experimental results into simulation: 

 with display of cutting edge kinematics: 
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Cutting data:  
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vc =  47 m/min 

ae =  0.25 mm 

ap =  0.10 mm 

fz  =  0.006 mm 

Vz =  20 mmį 
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Summary 

Burr Formation and Reduction Strategy in Turning Austenitic-Ferritic Stainless Steel 

Á The use of a carbon dioxide cooling leads to significant burr reduction and minimized adhesive 
tool wear as well as minimized notch wear. 

 

CO2 Process Cooling for Burr Reduction in Face Milling of Aluminum Alloys 

Á The cooling of the exit edge of the workpiece leads to a significant reduction in burr formation. 

  

Burr Formation and Reduction in Machining Thin-Walled Light-Metal Frame Structures 

Á In comparison to drilling, orbital milling has advantages with respect to its flexibility, chip 
formation and bore hole quality. 

Á The helical angle has an influence both on the entry and on the exit burr.  
 

Delamination Reduction strategys in Machining Fiber-Reinforced Plastics 

Á The reduction of axial forces causes a significant reduction in delamination. 

 

Burr Formation in Micro-milling of NiTi Alloys 

Á In 5-axis-milling of NiTi shape memory alloys, the tool inclination angle has an influence on 
burr formation on the tips in direction of the previously machined paths.  
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Overview 

Introduction 

Burr Minimization strategies in Machining 

Operations 

Micro-finishing of hard coated parts  

Detection of grinding burn and cracks by 

acoustic emission 

FEM in Internal Traverse Grinding 

Machining of low-sulfur steels 

Influence of coated surfaces on friction 

coefficients 

Machining of ɓ-titanium alloys 

Waviness reduction  

Simulation strategies 
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vft 

vfa 

F 

External-cylindrical-shortstroke-honing 

F =  Force controlled infeed 

vft = Tangential velocity 

vfa = Axial velocity 

Process kinematics honing 
Following german standard DIN 8589-14 

Á Abrasive process 

 

Á Multi-grain tool with two cutting motions 

 

Á Characteristics are the kind of cutting 

movement (long- and short stroke) and the 

processing point at the workpiece 

(internal, external) 
 

Institute of Machining Technology  Goeke 
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Finishanbaugerªt auf Drehbank 

Supfina 202 auf Boeringer MAG M670

Supfina 202

Schwingweite: 0 - 5 mm

Andr¿ckkraft: 60 - 700 N

Oszillationsfrequenz: max. 20 Hz

Bandvorschub-

geschwindigkeit: 0 - 64 mm/min

Boeringer MAG M670

Antriebsleistung: 25 kW

Spindeldrehzahl: 7,1 - 1400 min-1 

Spitzenweite: max. 1800 mm

Ï Werkst¿ck: max.  690 mm

Workpiece 

Compressed air 

Finish belt 

Tool 

Tool machines 

Lathe ï MAG Boehringer M670 
 

Á Engine output P = 11é25kW 

Á Rotational speed range n = 7,1é1400 min-1  

Á Feed range f = 0,04é2,8 mm/U 

 

Finish equipment ï Supfina 202 
 

Á Oscillation power P = 0,37 kW 

Á Oscillation frequency fos = 2é21 Hz  

Á Amplitude range S = 0é5 mm  

Á Belt infeed velocity vB = 0é64 mm/min 

Á Pressure pn = variable 
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Tools 

Vulkollan Shore 50 A 

Core aluminum 

bearing / screw coupling 

electrostatic arranged 30 Õm Al2O3-finishbelt 

muddled/slurry coated 9 Õm Al2O3-Finishbelt 3 Õm Al2O3-finishbelt 

Press roll 

Finishbelt 

100 Õm 

100 Õm 50 Õm 

grains fixation layer 

top layer base film 

grains base film 

bonding 
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ÁDisplace hard chromate plating under  

Ý Improvements of technological properties of the coating system and 

Ý Reduction of the manufacturing costs 

 

ÁSolution approach:  

Ý Using multilayer-coating-systems made of thermal sprayed carbide-including layer and 

a DLC (Diamond-like-Carbon) top layer. 

Ý Usage of new coating applications: Nano HVOF (high velocity oxygen fuel), FP PVD 

(focused plasma physical vapour deposition) 

Ý Determination of process strategys to machine the carrier material and the HVOF-

coating.  

 

ÁProject aim:  

Ý Development, qualification, machining and illustration of tribology-optimized high 

performance coatings   

 

 

Project idea 
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Fine meshing (le = 1 mm) 

Mid-level mashing (le = 2 mm) 

Rough meshing(le = 4 mm) 

Push roll 

workpiece 

Rotational bearing 

Fixed cylindrical 

bearing 

Push force F = 600 N 

Boundary conditions Meshing 

le  ï  maximal elementsize 

bwz ï  width push roll 

bws ï  width workpiece 

x 

y 

z 

bws = 12 mm 

FE-Simulation loading cases 

Analysis 

 

Å Deformation uy of the tool  

Å Normal stress sn between tool und workpiece 
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Workpiece 

Pressure roll 

Finish belt 

F 

vfa 

vft 

F ï  Pushing force 

vfa ï Axial velocity 

vft ï Tangential velocity 

x y 

z 

Loading cases 

Tool wider than 

workpiece 

x 

y 

z 

Tool and workpiece 

equal wide  

Tool slimmer than 

workpiece 
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Load case  
Ătool width larger than workpiece widthñ 

Push roll  

Vulkollan 75/90 Shore A 

 

Push force  

F = 600 N 

 

 

Simulation results 
 

Max. displacement 
 

uy = 0,7 mm at 75 Shore A 

Ý wrap around angle au = 28,7ϲ 
 

uy = 0,58 mm at 90 Shore A 

Ý wrap around angle au = 25,8ϲ 
 

Max. compressive stress 
 

sn = 30,66 N/mm2 bei 90 Shore A 

sn = 27,31 N/mm2 bei 75 Shore A 

Displacement uy on the tool 

Principal stress sn on the workpiece 
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x y 

z 

Compressive stress 

Pressure film: mid-level pressure 

75 Shore A 
7 mm 

7 mm 

90 Shore A 

75 Shore A 90 Shore A 

low high 

 Due to the low strength of the toolmaterial increases the contact pressure per unit area at 

 the edge of the shaft shoulder 

 

Ý  Confirmation of the simulation results 

Ý  unsteady wear behaviour of the finishbelt possible 

belt infeed 

Validation by pressure films 

Pressure film: low pressure 

7 mm 

7 mm 
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Formgenauigkeit 

Á  Due to higher pushing forces increases the error in form for both tested materials 

Á  Low tool material strength results in an adaption of the tool form with the workpiece  

      form 
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Roundness error Cylindrical error 

240 N 240 N 360 N 360 N 

Pushing Force F 

Material  Abrasive Grain size Force Cutting speed vc 

42CrMo4 QT Al2O3 dK = 30; 9; 3 Õm F = 240é360 N vc = 21,2 m/min 

3D-model of the cylindrical form 

90 Shore A 75 Shore A 
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Aim: Substitution of blasting process by 3-step finishing process 

Carrier material preconditioning 

3 process steps with different grain sizes 

dK = 30 Õm Al2O3 

dK = 30 Õm Al2O3 

100 Õm 

100 Õm 100 Õm 100 Õm 

dK = 9 Õm Al2O3 dK = 3 Õm Al2O3 
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Carrier material  

Rotation beding specimens  

Material: 100Cr6 

Hardness: 250 Ñ 10 HV0,1 
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