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Fields of application:
- Deburring
- Cleaning

manpower extended cycle times

- Surface treatment

Source: Ergebnisbericht Spansauber, TU Kaiserslautern, FBK, J.C. Aurich, 2006

Burr at borehole (left), chip in fluidic Extra expenses in production due to
system (right) burrs and chips
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Goals of cryogenic wet-ice blasting
(in short WIB)
Working Principles

Process description of WIB

Experimental Results

Conclusions

Ice particle production machine in the IFQ
ACryo-T a n ferfivet-ice blasting - WIB
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1. Goals of Cryogenic wet-ice blasting WIB

ASimultaneous deburring and cleaning of highly complex
and highly stressed components such as control blocks
and engine parts

ADeburring without solid residues and required
following cleaning

ADefined blasting particle size and hardness
ALimited use of chemical additives - emulsion

ANo damage at the workpiece surface

APotential for surface smoothing

Source: SKL-Maschinenbau GmbH

ANo defined edge geometry
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2. Working Principles

The size of the transferred energy is dependent | Abrasive blasting Effects

on the: l

Aparticle energy, % slashic

Aproperties such as grain shape of the abrasive, deformation
grain materials and grain hardness, l

Aangle of impact

Aproperties of the blasted surface. ,,/% T S ——
Strength compressive strength

The particle energy is calculated according to T ) tensile
the basic physical formula
\ Y /

Ejn= LML o
W//W/ material loss

and thus grows proportionally with the particle
mass and the square of the particle velocity.

Source: Sigg Strahltechnik GmbH
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In case of cryogenic wet-ice G\
blasting (WIB) there are c\ 0\
some other effects: (\
Atemperature-induced stress CR "\ T T
on the surface o\ \ wet-ice particles
_ % 6\ 2. Temperature induced stress
Alow temperature embrittlement Q\ Q\ and/or low-temperature
of the ground material embrittlement

3. Peening pressure and/or

. _ ot
APeening pressure of the multiple Q\G\ g g pressuio
fluid shock waves | £ ]

AJetting pressure of the molten
water on the surface

Based on: F. W. Bach, University Hannover, IW
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Ice particles as a blasting abrasive

AAn | deal bl asting abrasive sh

Mohsa n d

di sintegrates i nto gas

Hardness of wet ice
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The Mohs hardness of ice was checked and confirmed experimentally
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3. Process description of WIB

Manufacturing process of cryogenic wet-ice particles

Water
H.O
110°C
Po=1
ATheCrydbTanko is cool ed down[p¥4 a. a
ring tube in the upper part of the system 5
L - i A Liquid Liquid
by liquid nitrogen LN, till at least -120 AC. Nitrogen —] e ~—_ Nitrogen
LN, -190°C - -190°C N,

AWater atomizes over a full cone nozzle in
the lid of the system and freezes in the
cold atmosphere.

AFrozen ice particles accumulate in the
lower part of the equipment in the hopper,
that feeds them to the outlet opening.

Cryogenic
wet-ice particles
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Jet process

Water ‘ Phase 1: removal

N
,»Cryo-Tank" \ / a\
m
Liquid
Nitrogen LN,
\ Phase 2: rubbing
po =1 Workpiece
Compressed air _L
Dy Phase 3: flush
o0 0000 s s 0s e 3.0 x %% o oarels b be oSt 0ot ¥ ’ -—)
==~ Cryogenic s & o— _
wet-ice particles ' - . <

Source: Piller Entgrattechnik
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Cryogenic ice particles

Cryogenic ice particles in the
ACryo-T a n kiéw from the top)
Free flowing

~ _dice particles

Chair of Cutting Technology, Prof. Dr.-Ing. habil. Prof. h.c. B. Karpuschewski
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Cryogenic ice particles - Analysis
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Form: spherical

Temperature: -100 AC

Mohs hardness: 6-7

Temperature resistance: stable

Free flowing properties: such as dry sand
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3. Experimental Results

Analysis the abrasiveness of cryogenic ice particles - Equipment

1 - test specimen
2 - fixture
== 3-nozzle

‘-i--‘ 4 - ice particles

Injector blasting cubicle (view inside)

Injector blasting cubicle
for practical experiments
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Nozzle handling with cryogenic ice particles
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Measurement equipment for burr measuring

3D surface measurement station MikroCAD
(GFMesstechnik), based on fringe projection

0
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Length [pm]
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Results of deburring with cryogenic ice particles - metallic materials

0,7 Test parameters WIB of metallic
materials
0,6 .
’ Ice temperature [AC] a0
variable 0 Siall
= 0,5
E ™ :
£ Jet_tlme [sec] 40: 80
= 04 variable
Ea , Jet pressure [bar] 15
QO z
< 03 Jet angle [4 70
-
3 0.2 Jet distance [mm] 60
Ice particle size [mm]  0,1-0,7
0,1 Ice mass flow rate 50
[ka/h]
0,0 Diameter air nozzle 4
[mm]
Diameter jet nozzle
10
$ [mm]
‘QQ Ice particle speed
\ 140

[m/s]
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Visual analysis - metallic materials

42CrMo4
WIB deburred

Jet time: 40 sec, Wet-ice temperature: -60 °C, Jet angle: 70°,
Jet distance: 60 mm, Jet pressure: 15 bar, Particle speed: 140 m/s

AThe burr is completely removed from the borehole.

AWIB on metallic materials leaves just the burr root on the part.
AThere is no more risk of loose material fractions during operation.
AThe surface round the bore is not damaged.

Aln case of metallic materials a large jet pressure is required.

Institute of Manufacturing Technology and Quality Management ; 63 e
Chair of Cutting Technology, Prof. Dr.-Ing. habil. Prof. h.c. B. Karpuschewski 2 MAGDEBURG

Y



2nd international autumn school of surface engineering

Results of deburring with cryogenic ice particles - plastic materials

0,5 Test parameters WIB of plastic
0.4 materials
Ice temperature [AC] e
—_ 0,3 variable 40; -80
= .
£ 0,2 Jet time [sec] 20: 40
= variable
< 01
% Jet pressure [bar] 8
< 0,0 - - A
u e Jet angle [A 70
& -0,1 i Jet distance [mm] 80
0.2 Ice particle size [nm]  0,1-0,7
Ice mass flow rate 40
-0,3 [kg/h]
-0,4 O O o O O O O O Diameter air nozzle 3
S O N S o S N N [mm]
N S & 88 i i
q,b © © o o q? o o o o Diameter jet nozzle 6
$ S O O @O §- K C R S [mm]
Qv W v ¥ Qv ¥ v ¥ Ice particle speed 100
Y Y [m/s]
Polyethylene (PE) Polypropylene (PP)
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Visual analysis - plastic materials

Jet time: 20 sec, Wet-ice temperature: -80 °C, Jet angle: 70°,
Jet distance: 80 mm, Jet pressure: 8 bar, Particle speed: 100 m/s

AThe burr is completely removed from the borehole.
AWIB on plastic materials is too abrasive and destroys the
surface of parts.
AThe bore and the surface round the bore is damaged.
Aln case of plastic materials a small jet pressure and short
machining times are required.
Ij ﬁ@ Insti_tute of M_anufacturing Technology and Qua_llity Management _ [ ’3 e
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Impact analysis of cryogenic ice particles

fixed Almen strip for
peening intensity and
drop impingement
measurement
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Analysis of the impact of cryogenic ice particles on a surface

via High speed camera
Flight Impingement Disintegration

Camera:
Photron Fastcam
ultima APX

Chosen frame rate:
15.000 fps

Resolution: _ - .
256 x 256 pixel ~ Disintegration Disintegration
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Conclusions

AThe practical studies have shown the feasibility of deep frozen wet-ice
particles as an abrasive for deburring.

AWith the use of deep frozen and cryogenic wet-ice as blasting abrasive the
removal of burrs on multifaceted component geometries is possible.

AThe temperature-dependent hardness and removal capacity of ice have
been confirmed.

AThe performance of the new method is promising in metallic materials and
highly abrasive in softer materials.

AThe impact behavior of an ice particle on a surface is defined in terms of
four successive phases: flight, impingement, disintegration and expansion.
- Ice particles plastically deform and do not bounce off the surface.
- The spread of particulate matter is generally visible in all directions.
- The largest particle volume moves in the inclined direction of the
surface and is rubbing on it.

Institute of Manufacturing Technology and Quality Management *3 e
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Outlook

AThe process parameters related to WIB jet processing must be adapted to
other materials to be processed.

AThe performance of the WIB machining will be examined for other machining
tasks:
- surface finishing and surface preparation
- decontamination and decoating of surfaces
- cleaning of turbines or turbine parts

ARealization of a jet lance for machining bore intersections.

90

Blaéting lance for WIB in deep bores
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Magneto-Abrasive Machining for the Mechanical
Preparation of High-Speed Steel Twist Drills

B. Karpuschewski (1)2, O. Byelyayev?, - Mail®rodaP

& |Institute of Manufacturing Technology and Quality Management IFQ,
Otto-von-Guericke-University of Magdeburg
b |nstitute of Mechanical Engineering,
Nati onal Technical Uni versity of Ukr
- Introduction
- Experimental setting

- Results

- Conclusion and outlook
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Cutting process as a system

process
input ";'%% output
quantities '9 quantities
I =) I
[T
determined process quantities .
by describe describe
O material o mechanical o workpiece
o thermal o tool
o machine setting o chemical o chips
O characteristics interactions during o machine

of the machine
O supporting media

material removal

O supporting media
after material
removal

IHG,
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Cutting tool properties

cutting tool cutting parameters coolant
—> tool material
macro geometry
—>1 tool geometry |<
micro geometry of the cutting edges
— coating
> cutting edge radius
> cutting edge chipping
> cutting edge form
»I quality of functional surfaces
Institute of Manufacturing Technology and Quality Management 65 :JTL°I‘\'/°£;;E|‘;RKTE
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Quality characteristics of a helical drill

radius of the chipping of the width of flank

cutting edge cutting edge wear land wear of chisel edge

sharp cutting edge E \ / crater wear

rounded cutting edge

quality of the
tool surfaces

flank face«;
margin/land {4
rake face (chip space)

wear of the corner wear of
land (margin)  cutting edge
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Cutting edge preparation methods

. . ; magneto-abrasive immersed
jet machining brushing machining tumbling/
drag finishing
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Basic principle of magneto-abrasive machining

working gap -As workpiece

>

ferromagnetic grains

Institute of Manufacturing Technology and Quality Management
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working head |
\

permanent
magnets

magneto-
abrasive
grains

helical drill
(workpiece)

" sourgesMagnetfinish GmbH

-
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Test system for magneto-abrasive machining with a ring-shaped
configuration

__ rotatable
fixture

tool spindle
working zone

coaxial
ring-shaped
pole shoes

base plate

magneto-abrasive powder

Institute of Manufacturing Technology and Quality Management ; ’5 e
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Orientation of the drill in the MAM-system

moving direction towards
the drill point (— d.p.)

s,
.,

'~
. e
\,\ B>
..

i o I _.j':'{': Y
(dp) A
A-A i J52 Inner B
outer - pole shoe
pole shoe
«©
L‘)'l
4 S i ngw _>. S
centred position (Z) ’ shifted position (V)
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Drill properties

twist drill type N (normal) material composition HSS
diameter D 6.8 mm C 0.828
number of cutting edges 9 Sj 0.312
drill-point angle o 118° Mn 0.283
side rake angle y; 30° P 0.001
diminution standard Cr 3.86
land width by 0.7 mm Mo 4.56
W 5.70
1 Vv 1.64

Institute of Manufacturing Technology and Quality Management
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Varied process parameters

drill |machining time [s]| drill powder type/
group | — d.p. | < d.p. |position particle size [um]

1 untreated drills
2 4x15 4x30
3 4x15 4x15 Z P1 (splintered)
4 = 4x15 160/100
3 4x10 4x20 V
6 4x15 4x30 Z P2 (spherical)
7 4x10 4x20 Vv 315/200
8 4x15 | 4x15 > |powder P2=95%
9 - 4x15 mixture P1=5%

IHG,
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Powder characteristics 1

powder P1 (splintered)

powder P2 (spherical)

S o 57 4
&N - .
o - ] " \. ; "
o ™ :
- Y

.’ ' :
~ _ \

. ; T

- i "

grain size: 160/100 ym grain size: 315/200 ym
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Powder characteristics 2

powder P1
(splintered)

grain size: 160/100 uym
“‘pseudo alloy”

resulting from
spray melting

ferromagnetic matrix

Fe Fe-Si ((2)) with

S embedded carbide
" | abrasive particles
TS o ||| A TiC (D)

Institute of Manufacturing Technology and Quality Management ; ’5 e
Chair of Cutting Technology, Prof. Dr.-Ing. habil. Prof. h.c. B. Karpuschewski " MAGDEBURG



2nd international autumn school of surface engineering

Geometry measurements at the drill
cutting edge chipping Rt
= 2o surface roughness Rz
' flank face

\
Rt
/

stylus fin | ».;' measuring direc,:tion

land
(margin)

flank face

cuttin
edgeg

’

cutting
edge
form \

corner edge roundness rg,,
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)
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Optical cutting edge measurement
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