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1 Introduction
New Competitive Factors

B Availability of resources + cost of resources =
preconditions for success in the economic competition

Business success = f (quality, productivity, flexibility)

Resource efficiency is required in production and in the
utilization phase

B Efficient technologies result in sustainable competitive
advantages

fy

Challenges for cutting processes!

!

ZZ Fraunhofer
wu

15.06.2014



Cutting Technologies for Difficult-to-Machine Materials

AGENDA

1 Introduction
2 Material and Components Trends
3 Hybrid Processes

3.1 Characteristics
3.2 Technologies and Applications
3.2.1 Vibration-Superimposed Machining
3.2.2 Media-Superimposed Machining
3.2.3 Machining with Superimposed Movement of the Axis

4 Summary and outlook

\

~Z Fraunhofer
wu

2 Material and Components Trends

IWU-analysis

Sectors 100%
B Automotive a0
B Aviation :

| e B
W Energy 60% . .:

B Tool making

B Medical engineering 40%
Properties 20%
B Geometry
H 0%
B Quality Boeing 777 Boeing 787 A350
® Overall size D_CI_‘,omposite lélumlinum
: O Titanium O Steel

H Materials W Miscellaneous

Components Quality Batch size Materials

« hollow « high-strength

e thin-walled » inhomogeneous

» complex geometry ’ s &

* miniaturization Difficult-to-machine

« larger dimensions

!

ZZ Fraunhofer
wu

15.06.2014



Cutting Technologies for Difficult-to-Machine Materials

AGENDA

1 Introduction
2 Material and Components Trends
3 Hybrid Processes

3.1 Characteristics

3.2 Technologies and Applications
3.2.1 Vibration-Superimposed Machining
3.2.2 Media-Superimposed Machining

3.2.3 Machining with Superimposed Movement of the Axis

4 Summary and outlook

\

~Z Fraunhofer
wu

3.1 Characteristics

Principle, Process Variation, Motivation for Application

Hybrid processes are defined in this presentation as a combination of
additional forms of energy in existing conventional machining processes.

Principle Process Variants

Motivation for

Application
Objectives: d""'.ng improvement of chip
turning
Vibration- breaking
superi grinding
) o machini;g EDM g&zlrﬁ;l/ement of
B Increased quality and productivity ECM producivit
B Improvement of chip breaking Media- high pressure cooling grﬂg%egment of chip
. . superimposed -
B Reduction of thermomechanical machining cryogenic cooling nrease material
tOOI |OadS _ removal rate
Laser-assisted turning improvement of
machining milling machinability
) L A M_at:]hlnlng scissors kinematics increase in dynamics in
=> Shift of existing technological wi DM die and mold making

superimposed

process limits movementof | out-of-round machining
the axis by adaptronic form

honing and form boring

improvement of the
operating properties of
engines

Application of hybrid processes
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3.2.1 Vibration-Superimposed Machining
Deep hole drilling with ultrasonic support — Process principle

Objectives: Experimental setup: tool holder
B Chip control drill |

knot <— /
B Reduction of tool wear .“\‘ -
B Process reliability 4_'..
B Substitution of emulsions with il i

MQL : ; . amplitude

Increasing of productivity Iengi:h\ i : ! ! :/4
N/ N

Tool holder for

ultrasound transmission possible projecting lengths

_r, for high amplitudes

=== * Superimpose of the conventional deep hole

" -4 drilling process with supersonic vibrations
_-F - frequency 25 kHz, amplitudes up to 10 pm

Workpiece

!
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3.2.1 Vibration-Superimposed Machining

Deep hole drilling with ultrasonic support — Results

Tool Life and Tool Wear

Number Industrial Results of research
of holes process .
1 End of tool life not reached
1400
1
T |
1000 — |
- 1
600 T !
1 1
|
200 1
flooding flooding MQL MQL

conventional ultrasonic  conventional  ultrasonic

Results:
B Increase in tool life with ultrasonic support
®  Chip control

conventional
Tool wear i

= ulirasonic
supported

ultrasonic
assisted

(] x o L) Ll

feed path [m]

- Increased process efficiency and reliability in deep hole drilling

of cast iron
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3.2.1 Vibration-Superimposed Machining

Deep hole drilling with ultrasonic support — Results

Influencing Surface Roughness and Chip Breaking

4.0 70 ® Conventional
Ve =70 m/min
H o
35 f=0.025mm/U Ultrasound
L] VHM coated
3.0 LD =30

25
2.0
1.5
1.0
0.5
0.0

Mean Surface Roughness Rz [pum]

180 270
Drilling Depth [mm]

Ultrasound
vc =70 m/min
f=0.03 mmU

Conventional
vc =70 m/min
f=0.03 mm/U

Technologic | Parameters:
Material: X39CrMoV5-3

Amplitude: 8 pm
Frequency: 20 kHz

Effecte:

m Reduction of surface
roughness

m Shortening of chip length
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3.2.2 Media-Superimposed Machining
Application of High-Pressure Cooling

Chip Control and Tool Life in Grooving Titanium TiAl6V4

=1
D
% 2 Ve = 50 m/imin || v, =150 m/min | /v, =100 m/min v, = 100 m/min
a.e p = 40 bar p = 150 bar p = 300 bar p = 150 bar
] o SR 3 FYY )
s , N By 28 -
2 8 y ‘% 5 (a4 Q'rw ~
,I\ O Tool .
{ 06 22 i Yl —
a \ chipping R (=50 i T | T (.\
%, \ _ - !
fo/ | S £
2 = .S 4
% 2 :
2] 5 i
% :
g ! }— TiABV4
: f= 0.1 mmirev
# grooving
T 2 depth 10 mm
/\'I f 1 ————+—+ 1
25 30

c
Workpiece TiAl6V4

Machining time [min]
Effects
m High energy and resource efficiency, low cost, higher productivity

m higher cutting speeds and feeds
B Improved tool life, controlled chip breaking (chip length)
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3.2.2 Media-Superimposed Machining
Application of High-Pressure Cooling

Chip Breaking in Grooving Titanium 5553

p =6 bar p = 270 bar

100 mm

o

Effects of High Pressure Cooling:

B Excellent chip control (optimal chip break)
B Increased cutting speed and productivity

B Reduction of tool wear

B Very good cooling and flushing effect

R a0

=100 m/min

c
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3.2.2 Media-Superimposed Machining
Application of High-Pressure Cooling

Chip Breaking - Turning of difficult-to-cut sintered bronze

p =6 bar

Effects of High Pressure Cooling:

B Increased cutting speed and productivity
B Reduction of tool wear
® Very good cooling and flushing effect

B Excellent chip control (optimal chip breaking)

7 p = 260 bar

—-—
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3.2.2 Media-Superimposed Machining

Application of Cryogenic Cooling

Process principles and cooling media

2 types of coolants

- Differences in generation of cooling effect and handling

Carbon dioxide cooling (CO,)

Taking liquid

media out of a
gas bottle

|

Transfer of
the liquid gas
to the tool

1

-78,5°C  Flowing out

T=15°C
p =~ 60 bar

Expansion and
cooling down of

the gas (Joule- of the tool
Thomson effect)
Sublimation of Cooling of

dry ice and gas the process
convection by

Liquid nitrogen cooling (LN,)

T=-196°C
p=1,5bar

= Heat insulation
of supply lines
necessary

==p Heat insulation
of tool

Heat transfer

\
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3.2.2 Media-Superimposed Machining

Application of Cryogenic Cooling

Process principles and cooling media

Carbon dioxide cooling (CO,)

Temperatures as low as -78,5°C

easy handling and
integration in the machine
tool

B No heat insulation of the |

supply lines necessary
No special tools necessary

Generation of low
temperatures only at tool tip

Liquid Nitrogen cooling (LN,)

Temperatures as low as -196°C

Heat insulation of the supply
lines and machine
components is necessary

Special tools with heat
insulated coolant supplies are
necessary

Long starting times of the
cooling system, because the
supply lines first have to be
cooled down by the medium
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3.2.2 Media-Superimposed Machining
Application of Cryogenic Cooling

Machining examples with cryogenic cooling (Carbon dioxide)

Turning Milling Drilling

Supply through turning Supply through spindle Supply through spindle of

chisel of machine tool and machine tool and drilling
milling tool tool

\
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3.2.2 Media-Superimposed Machining
Application of Cryogenic Cooling

Tool life in milling Titanium alloy using liquid CO,-cooling
06

[

05 1

_E__O,Ar
NAR BN 28
Yl AR
" s " E s ey
flooding Co, Co, =

0.1

Mill diameter d =16 mm, 4 teeth

L

o 2 4 6
cutting time [min]

Effects

H Tool life x2

H reduced tool wear

B Nearly dry milling process
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3.2.2 Media-Superimposed Machining
Application of Cryogenic Cooling

Material removal rate in drilling

40
Workpiece material EN-GJL 250
T 30 —— Emulsion
E \\—4 —= MQL
= 20 - b
- —— Dr!
g y
= 10+ —— Cryogenic CO,
0 \
1 2 3 4
Material removal rate MRR [cm3/min]
MRR [cm3/min] Tool life [m]
Emulsion | MQL Cryogenic
1.14.(75 % v, f,) >31.5 >31.5 >31.5
2.03 (100% v,, f,) >31.5 20.9 >31.5
3.18 (125% v,, f,) >31.5 18.9 >31.5

Tool life 31.5 m - 900 drilled holes (@ 7mm, depth 35mm)

Inner supply through tool

Effects

H Enormous potential for
application verifiable
m Significant higher tool life than

with MQL or dry cutting; analog
emulsion cooling

H Low energy consumption
compared to emulsion systems
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3.2.3 Machining with Superimposed Movement of the Axis

Tribological Optimization — Preventive Final Finishing

|

!

r
Deformation in the
upper range of
the cylinder liner

Challenges

B Cylinder form deviation influences the
tribological system piston — piston rings —
cylinder liner

B Reasons for cylinder from deviations:

static, semi-static and dynamic distortion

resulting from head mounting, temperature differences Distortion of 4th order of cylinder liner

in operation, variable thermal expansion and gas pressure
B 70 - 80% of oil consumption originated from the piston system

B Friction portion of the piston system may amount up to 50% of the
overall engine friction

Motivation: Minimizing of cylinder form deviations
of bores in the cylinder block after mounting

Solution options: Design modification of the components and bore shape

Preventive out-of-round machining

\
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3.2.3 Machining with Superimposed Movement of the Axis
Tribological Optimization — Preventive Final Finishing

Technical machining requirements:
B Development of effective and flexible
fine-finishing process (IT<6, Rz<3pm)

actuator

B High dynamic relative movement between

Honing stone

Supporting bar

tool and workpiece (f>50 Hz, s=10...100 pm)

Solution options:
B Single-axis movement "Adaptronic form honing

”
measuring
device

B Multi-axis movements “Out-of-round drilling”

. piezo
" actuator

(magnetic spindle, sub-kinematic-system)

machine
Process preconditions: I ;Id'“”e
B Integration of a process guiding system =78 € e
.. [z
B Development of measuring concepts and strategy ol —_ .,
(fOI" analyzing 3D shapes) Principle of a Hexapod sub-kinematics system

|
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3.2.3 Machining with Superimposed Movement of the Axis

Tribological Optimization — Preventive Final Finishing

Results of Adaptronic Form Honing
v Realization of an adaptronic form honing tool

v Development of a specific form honing process and
machining strategies

v Functioning of tool and process proven in experiments The adaptronic form honing tool
A

B Shape accuracy of +3 pm/-3 pm

B Requirements on productivity
were achieved
(Q'w 5...10 mm3/mm?2/min)

B Target surface structure and

roughness values realized : ik
B Engine test sucessful: W et
less oil consumption L
(test: 29 g/h > target: <47 g/h) Target shapes max. d\ﬂerenue(FORMwTAHGET)3um. ‘

|
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HONEN SUPERFINISHEN

3.2.3 Machining with Superimposed Movement of the Axis

Tribological Optimization — Preventive Final Finishing

Results of Out-of-Round Drilling
v Realization of a Hexapod sub-kinematics system

v" Development of a specific process and
machining strategies

v Functioning of the process proven in experiments
in crankcases made of aluminum alloys

m Difference between target and

drilled shape <6 pm
B Roughness value Rz < 2 pm achievable
B Rotation speed up to 6000 rpm

|
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3.2.3 Machining with Superimposed Movement of the Axis

Tribological Optimization - Preventive Final Finishing
Combination of Adaptronic Form Honing and Out-of-Round Drilling
Problem:

B Machining time depends on dimension of shape deviations
(radial cutting allowance)

Benefits of the process combination:

B Reduction of the radial cutting allowance in honing process
B Reduction of the machining time

B Constant thickness of coatings

time [s]
) Process combination
Cycle time ~ Fig.: Potential of

P2 - Process combination
critical
cutting
allowance

allowance

\

I_W*P_ ~Z Fraunhofer

wu

Cutting Technologies for Difficult-to-Machine Materials

AGENDA

1 Introduction
2 Material and Components Trends
3 Hybrid Processes

3.1 Characteristics
3.2 Technologies and Applications
3.2.1 Vibration-Superimposed Machining
3.2.2 Media-Superimposed Machining
3.2.3 Machining with Superimposed Movement of the Axis

4 Summary and outlook

!

ZZ Fraunhofer
wu

15.06.2014

14



4 Summary and outlook

Product

utilization

consumption §
mass

frictiond

Trends
Product development

Materials
¢ high-strength
¢ inhomogeneous

Components

* hollow

e thin-walled

¢ complex geometry
® miniaturization

o larger dimensions

Approach

Superposition of
e Vibrations
¢ Media => Cooling strategies
* Movements

Design of functional surfaces

o structuring of surfaces
o surface Oberflachenstrukturierung

Development of hybrid processes

* preventive compensation of deformations

Challenges for
cutting technology

® poor machinability
e component/surface quality

multi-criteria

optimization problem
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Thank you for your attention
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