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High speed plunge milling
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Protostar Ti 40

L A B
Ir 1z m . N
dt _ e / o. | Amplitude | Frequenc
o o (An/n) y (Hz)
L 10% 0.1
o 2 | 30% 0.5
n (r/min) g mol
£ 70
— ANEFEHT]/Milling with unequal Z 60
=
1 = |
blade spacing cutter Y
[ 7 30
L 2“
- - ’ \\\ ‘ 0
@f\

Page = 18




=R THAR

B HMEEENIIZRARA—&

SRR FEFLIAR

High speed helical milling of Milling Carbon Fiber Reinforced Plastics
(CFRP)~titanium layer compounds with TiAIN coated solid carbide end mills.

tool bore hole
Vo ve = culling speed
| vi = feed velocity
i Dg = Dbore diameter
! Dh = diameter of helical path
E ap” = depth setting per helical rotat

2,
Dy X

Dg

Kinematics of helical milling

Titanium—

Buildup of the CFRP-Ti layer compound

600 Titani 600 Titani
itanium itanium
§ N _J,a—"ﬂ l.é N F
= - Fmﬂ}\-;
300 300
= = = —‘-"“-\-.ﬂ
aﬂ%q—o
s . fza=6 pm
120 120
CFRP
w N w N F
g0 i o 2 = 60 mlh'
min
g - ﬁ 8 Ff%
£ wf £ @ -

Fil fz = 60 pm

o0 2 4 6 & 10 uym 14 20 40 60 80 100 pm 140
axial feed per tooth fzg tangential feed per tooth fzi

fza=6pum

=
1:1

process. helical down milling material compound:

cutting speed: ve = 40m/min CFRP t=6mm

bore diametar: Dp = 10mm TiAlGV4 t=11 mm
tool diameter: Dwz= 8mm

numbercftesth: z = 3

Dgi49482 BIFW

Process forces in the titanium and the CARF laver in dependence on the axial and tangential feed per tooth
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Cutting burrs

Comparison between helical milling with \
drilling of CFRP and titanium alloy with |
cemented carbide tools. :

1900 I Helical millng 5mm_drilling MQL_5mm_drilling

IDUO | l_ Drillinu ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —_

S B
600
100
200

0

CFRP- TC4- CFRP- TC4- CFRP- TC4-
omm omm  MQL- MQL-  Smm Smm

omm Hmm

Cutting force (N

N MQL_5mm_helical milling 5mm_h'elical milling

Cutting forces in axial direction 8mm_drilling 8mm_helical milling
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What is Sustainable Manufacturing ?

Bearable Equitable
o

Environment . Econemic

“Sustainable manufacturing is a
platform for development of
Innovative manufacturing
technologies which address world
wide resources shortages and
excess environmental load to
enable an environmentally benign
life cycle.”
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Main Concepts:

Low materials
consumption

Low energy consumption
Low waste (solid, liquid,

gas)
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Influence of Velocity, Feed and Depth of Cut on Performance

HSM/HSC (a,, f = constant) HPC (v, = constant)
N Material removal N :«;?;erial removal
rate
- Power
Cutting force
Surface quality Tool life
Tool life Workpiece
" temperature

Cutting forces/ Surf I
specific cutting force urface quality
Workpiece Specific cutting
terpperature force .

Cutting speed v, Feed f, Depth of cut a,

longe——  Cutting time = —— short long «——  Cutting time = —— short

high «—— Cutting energy —— low

\ 4

RS LR EFMTEIRE

high«—— Cutting energy —— low

e YIHIEE
RBEREETIREI 7,

RK=BEEEEDREI A,
BREILARR, FERERE
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Surface roughness
&

: 08
@gemc MQL ':NE@ —&— dry machining
"g . kil ~ 07 - g cooled N2¢-10°C) ~TTTTTTTTETTTTTUUCC
o cooled § 06 L. —E=co {200 .
< M2 -0 = —w— cryogenic MQL{.20C
@ 17 cooled 3. 668 MOL & 05 beeecer———————- o
2 ey \ (1723 caocy o i
E 3 dry _ 2. 602 \\ 2, BE0 ;Ei 04 f----mmmmmmmmmoee- et
b tnac =l _d 2
/ —
1. 854 / \ g 03 p------ : e ecccccccccccacane...
% 2 wet -
X tachining ¢ 02
Eﬂ 1 0,585 5
: - / \ Z 0.1
. ZBN 0

0 1.5 3 4.5 6
cutting time (min)

Tool life & surface roughness of high speed milling Ti6AI4V alloy at different cutting media (cutting tool :
Walter uncoated inserts (WK10). cutting parameters: v,=400m/min, f,=0.1mm, a,=5mm, a, = 1mm)
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Tool life & surface roughness of high speed cutting Inconel718 at different cutting media
(cutting tool: KC5010 cemented carbide. cutting parameters: v =76 m/min, f = 0.1 mm/r, a,= 0.5 mm)
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Flank wear VB (mm)

0.28
0.24:
0.20-
0.16
0.12
0.08;

0.04

Tool wear
v,=180 m/min; a,=1 mm; a,=2 mm

Workpiece material:
PH13-8Mo

Cutting tools:

| —=&— WSP45-air jet z=0.12mm/z WSP45, WXM35

- WSP45-MQ) fz=0.12mm/z Cemented Carbide tool
<A \WSP45-CMQL fz=0.24mmlz>
—v WXM3B-airjet  1z=0.12mm/z  WEffe[aRSelt=lo NanllI[{glo!

0.0

—4 WXM35-MQL fz=0.12mm/z

0 1000 2000 3000 4000 5000 6000 7000 8000
Cutting length (mm)
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