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Prediction of Surface Profile in CFRP Machining
Challenges in machining of CFRP
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Prediction of Surface Profile in CFRP Machining %
Definition of spatial engagement conditions in CFRP I

P, Cutting plane
e, Normal vector of the cutting plane

v, Cutting velocity vector

e 1 Unit vector in laminate plane

e » Unit vector in laminate thickness
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Oblique cutting of homogeneous material Oblique cutting of anisotropic material
Face milling (p = 0°) Face milling with tilt (p = 10°)
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Spatial engagement angle ¢, —

Spatial fiber cutting angle 6, ——
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Value ranges of spatial angles

|:> Spatial engagement angle: 0° < o <90°
Spatial fiber cutting angle: 0° <0y <180°

| Unit vector in fibre direction
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Experimental Set-up: Transversal Internal Turning é‘ ’ 2024
Phenomenological [ Prediction Model ] [ Validation ]
Analysis Wavelet- . . .
Internal turning [ Transformation J[ Profile(So,¢o.A) J [ Sidemilling J[ Comparison J

CFRP ring Cutting tool

0,=0° 0,=45° 6,=90° @,=135°

A o] S s P
= S ~ - | =~
S 30 =
0 L
0 30
Chuck Sacrifical Tool
adapter ring clamping — Kk,=9

Transversal internal turning: 6 =0...180°%; y =90 - k,.; £ = 0% 6, = 0; ¢, = arccos(cos(0) - cos(90 — k,.))
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Experimental Set-up: Side milling é‘ ’2024
Phenomenological [ Prediction Model ] [ Validation ]
Analysis Wavelet- . . .

Internal turning [ Transformation J[ Profile(8,9,,A) J [ Sidemilling J[ Comparison J

Side milling cutter
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Surface Profile Analysis in dependence of fibre cutting angle 6 I é‘ ’ 2024
Phenomenological [ Prediction Model ] [ Validation ]
Analysis Wavelet- . . .
Internal turning [ Transformation J[ Profile(So,po.A) J [ Sidemilling J[ Comparison J
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Process: Material: CFRP

a, = 4 mm Orientation: UD

v = 50 m/min  Matrix: Hexply 6376

h = 004 mm Fibre: HTS (12K)

Kk, = 60 ©

a, = 6 © Substrate: HF-N10

Yo = 10 ° Coating: ~ Diamond maximum P

profile height 377298
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Assembly of the prediction model
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Process:
a = 4
v = 50
h = 0.04
K, = var.
a, = 6
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m/min
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Material:

Magnitude —

Interpolation
for each A

CFRP

Orientation: UD

Matrix:
Fibre:

Substrate:
Coating:

Hexply 6376
HTS (12K)

HF-N10
Diamond

[ Validation ]
[ Sidemilling J[ Comparison J
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Forecast for specific engagement conditions
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Phenomenological [ Prediction Model ] Validation
Analysis Wavelet- : : - .
Internal turning Transformation Profile(So,o,0) Sty Comparison
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Process: Material:  CFRP
= 6 mm Orientation: UD
= 50 m/min  Matrix: Hexply 6376
= 0.04 mm Fibre: HTS (12K)
= 0 mm
= 6 © Substrate: HF-N10

10 © Coating: Diamond
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Comparison of predicted roughness and measured roughness
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Process:

a = 6 mm
v, = 50 m/min
h = 004 mm
hy = 0 mm

p = var°

a, = 6 ©

Yo = 10 °
Material:  CFRP
Orientation: UD
Matrix: Hexply 6376
Fibre: HTS (12K)
Substrate: HF-N10
Coating: Diamond
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Summary I

Conclusions

« Data generated with one process can be used to predict other processes
* Process-independent predictions are feasible

« Good Agreement for process-independent prediction

Outlook

* Inclusion of other process parameters e.g. uncut chip thickness h

* Inclusion of kinematic roughness for milling operations

» Testin the model with different machining processes
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