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Interdependence of design, materials and machining

DESIGN
market service
functionality
costs
MATERIALS MACHINING
properties equipment selection
accessibility influence on properties
Costs Costs
Dieter, 1983
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Interdependence of costs, quality and delivery time

COSTS
DE;JII;ERY QUALITY
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Concurrent Engineering

Research and
development division

Design proposals/
Design alternatives

Product
design
division

Marketing
division

(Round table)

Manufacturing
division

Brainstorming activities (Shanker & Jansson, 1993)
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Product innovation process
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Modification opportunities

POSSIBILITIES OF COSTS OF
MODIFICATIONS MODIFICATIONS

\ \

HIG

LOW
DEFINITION OF _, DETAILED.,
SPECIFICATIONS ~ CONCEPTION™ J= o -1~ PRODUCTIOR™ MARKET
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CREATIVITY MATRIX

12 3 4

1stlevel C C C O PRODUCT

2sStlevel C C O O TECHNOLOGY
3stlevel C O O O PROCESS

- TRADICIONAL CONTROL ORGANISATION
- PROCESS IMPROVEMENT ORGANISATION
- PROCESS MANAGEMENT ORGANISATION

4 - TRANSFORMATIONAL ORGANISATION

THE 'LEVELS OF CREATIVITY' WE FOUND IN SEVERAL UK COMPANIES WHO HAVE CURRENTLY
ENGAGED IN ATTEMPTS TO IMPLEMENT ADVANCED TECHNOLOGIES.

WE HAVE, FOR WANT OF A BETTER PHRASE, TERMED THIS THE 'CREATIVITY MATRIX"!
Levy, Junkar: Manuf. syst. (Aachen), 1995

W N =

Ljubljana, 18% April 2006 8/32




gesvn,  TMCE 2006 symposium
April 18 - 22, 2006

Ljubljana, Slovenia TMCE 2006 tutorial

- PROVIDING ROUGH MEASURING OF CREATIVE INPUT IN
CREATIVITY MATRIX RELATION TO MARKET COMPLEXITY "CLOSED" OR
"OPEN" TO OPERATORS CREATIVITY

PRODUCT
COMPLEXITY & CRITICAL
LOW HIGH
LEVEL OF COMPLEXITY ACTIVITY
LEVEL
TECHNOLOGY

1 st CLOSED | CLOSED | CLOSED | OPEN PLANNING

PLANNING OF

MACHINE
3 st CLOSED OPEN OPEN OPEN PARAMETER

SETTING

Levy, Junkar: Manuf. syst. (Aachen), 1995
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A COMPARISON OF THE MANUFACTURING CONCEPTS

AUTOMATIC
MANUFACTURING

REPETITIVE PRODUCTS
INTENSIVE PRE-PROCESSING

COMPLEX

WELL DEFINED & STRUCTURED
LIMITED

CONCENTRATED

THE SYSTEM

AUTOMATION

ttttt ettt
ARAEREARA

LOW

Classical Modern

. _/
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Product functionality

Design functionality Technical functionality

|

Aesthetic design

Junkar, Kolaric, 2002
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Matching the design and technology

Traditional:

INVENTION

Concurrent:

INVENTION

PRODUCTION SYSTEM

DESIGN MANUFACTURING
p| PROCESS
CONCEPT SELECTION
PROCESS
EMBODIMENT PARAMETERS
OPTIMIZATION
MARKET
DETAIL
DESIGH MACHINING
PRODUCTION SYSTEM
DESIGN MANUFACTURING
C
i "® PROCESS
CONCEPT SELECTION
A PROCESS
EMBODIMENT +— PARAMETERS
P> OPTIMIZATION
B
MARKET
DETAIL
oesign T4 MACHINING

Junkar, Jurisevic: C2I, 2002
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Process selection procedure

|
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i Il TECHNOLOGIST I
| I D — ] ———»  OPERATOR
| | X |
| |
' | |
A ' | 3 |
DESIGN || PROCESS [T SCREENING PARAMETERS PERFORMANCES COSTS | SELECTED
REQURE. | ATTRIBUTES | | DEFINITION ASSESSMENT EVALUATION [ PROCESS
| |
' | ’F T |
: | |
| PROCESS |
' I PROCESS PROCESS PERFORMANCES CONSUMPTION | |
| || CAPABILITIES & PARAMETERS DATABASE COSTS |
: : CONSTRAINTS DATABASE DATABASE :
' | |
| | |
design level _|_process selection

Ll ]

Junkar, Kramar: CIRP J Manuf Sys, 2004
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Process selection software

= CuttingMaster ¥1.0 -{of x| = CuttingMaster v1.0 B -1of x|
Program Program

Step 1: Initial Screening Step 2: Primary and Performance Assessment

aw) | Laser| orc] Pac] wepm|

Material ISIamIessSTEEL - Matenial  [Stainless STEEL ‘wiater Pressure [MPa) Iggg
AW LASER OFC  PAC WEDM
Thickness [mm]  [12 Orifice Diameter [mm) Ig‘3

Thickness (mm] I‘IZ— ﬂ
Tolerance Class 1T ﬁg— o I B | Quality Level [1.2 5] lg— Cutting Velogity (mmiminy I-"—
=4 8 o
N — 8 0
tin. Radius (mm] [2— B Hint 2 Mat 1
Min Holefomd [ B B8 Hirt 2 Mt 1
‘wéitdh of Cut [mm] |—
Section Hate (mm] IS— B B

Hes Shep = )

< Eievious Step | Mext Step > | Exit < Previous Step

w. CuttingMaster ¥1.0 1] =13

Program
Step 3: Economic Evaluation

sl | Laser] orc] pac| wepm]

Mateiizl [Stainless STEEL | Elschicity Prics (EUR/KWH) - [n72
Thickness [mm)] |T2— “water Price [ELIRZ) |ﬁTﬁ5—
Quglity Level (1.2 5] |3— Abrasive Price [ELIR&g) IE]—
Initial Cost (ELIF) Iﬁm— Orifice Price [ELR/part] |T2—
Deprecation [years] |75— Mixing Tube Price [ELUR /part] |35—
Machine Utiization (h/vear] IZDUU— Cutting Yelocity [mm/min] ITD?Z—
Maintenance [EURfvear] I5DUU— Total Cost (EURM) (346
Total Cost (EUR/m) hz—

< FlevluusStep NertStep s |

Exit

Junkar, Kramar: CIRP J Manuf Sys, 2004
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Contour cutting processes

TYPICAL
PRODUCT
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Process optimization

|
product

>, oo

( designer )< | tool en ginccr)
! |
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: | : machining L
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design level | process planning level
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Valentincic, Brissaud, Junkar: J Mater Proc Techn, 2006
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Energy consumption for surface generation

»
>

Specific energy [J/mm’]

cutting

forming

[
»

Speed of surface generation [mm/s]
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Development of machining processes and technologies

MARKET BLOCK DIAGRAM OF THE DECISION MAKING LOOP FOR PROCESS SELECTION

DOMAIN
PRODUCT \‘ PRODUCT
PRODUCT [ >
REQUIREMENTS oEvBOBYCT MARKET
AND DESIGN
CRITERIA
CHOISE: OK | | .......
e e
PROCEsses | EXPERT | seLecTionoF|
R &D EVALUATE COMPETITIVE [€—
RESOURCES || PROCESSES [
| |
| T |
NEW | | ASSES
TECHNOLOGY | TKDB <
PROCESS |
DOMAIN |

DESIGN

po ExPERIMENTS] . NEW EXP.
MEASUREMENTS [€

A 4

PRIOR \
"BACKGROUND"

| GENERALISE
KNOWLEDGE (

| (LEARN)

\7777 \ A
|
|
\
\

Junkar, Sluga: IASTED, 1992
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Overview of basic non-conventional machining processes

MEHANICAL PROCESSES CHEMICAL PROCESSES ~ ELECTRO-CHEMICAL
A PROCESSES
.'( Y
100L

| 8
1 WOFKFEACE
A WWE W OFKPEACE MICH) Hg

ULTRA SOMC MACHIMMG WATER JET MACHIMNMNG ABRASVE JET MACHIMNG CHEMICAL MACHIMING ELECTRO-CHEMICAL MACHINING
(LEM) IR (A [CHM) (ECM)

ELECTROTERMIAL PROCESSES

ENERGY LEVEL

Arlj}’éle
||
Eh ELE"‘

DELEQRIC

-~

1O
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II x“ \_/ j}#‘

FLECTRICAL DECHARGE MACHNING  LASER BEAM MACHINING ~ ELECTRON BEAM MACHINNG |ON BEAM MACHINING ST e
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Machining features of non-conventional machining:

e High speed of surface generation,
e High specific energy,
e Atomic scale processing,

* Metal removal 1s based on several complex physical and chemical
phenomena,

e Their development and applications are still increasing,

e They are suitable for machining hard, brittle and the so called
‘exotic’ materials,

e They are suitable for workpieces with high shape complexity,
e They are suitable for automation of data communication,
e They fulfill high surface integrity and precision requirements,

e They meet miniaturization requirements.
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The twelve death signs of a growing manufacturing company
(case study: “Boiling frog”)

1. The rate of sales/demand acceleration has begun to decline - even though the curve still increases - the
rate of increase is declining - not easy to see unless you do the calculation,

2. Things are described as "nice", as "very comfortable" - here there is a danger of a collusion of
mediocrity,

3. A small increase in complaints or dissatisfaction - either internally or externally,

4. There is an increase in loyalty from existing customers, but a tiny decline in the number of NEW
customers or clients,

5. People don't get in as early as they used to, arrive and leave on time, more often,

6. An increase in the level of inventory/safety stock - either materials, products, ideas not yet put into
action,

7. A feeling of "drag" - harder to get enthused, to get going, to be inspired,

One or several ideas/practices from the "early days" are still in place, and really shouldn't be,

9. The organization is stifled in terms of innovation through over-dependence on technology or one or two
people/small groups,

10. A small but perceptible rise in complaints about the product, service or the relationship. One or two
important “first” customers have moved on,

11. Costs are eating a little more each month into profitability through a “slackness” with resources,

12. There is a hint of “sameness” of boredom, even in an apparently exciting and changing environment. A
lack of real “buzz”.

o

Junkar, Levy: MIT, 2005
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Abrasive Water Jet (AW)])

high pressure water

sapphire insert:

orifice (water nozzle)

Non-conventional machining process

colimating tube
abrasive inlet
abrasive feeding tube

ELEKTRODA

Electro Discharge Machining (EDM)

TMCE 2006 tutorial

LASER machining

DIGLEKTRIK
. v /

mixing chamber

7

focusing tube

7

72
27

7
2722077777777

AN

- all materials,
- no HAZ.

- all electrically conductive
materials.

- high cutting velocity (thin
materials).
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Surface texture after non-conventional machining
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water volume flow [I/min]

Applications of jet based technologies

elastic insertion of plastic erosion of the

deformations deformations  workpiece_ do1<do2<...<dos
A E :
/\& 1~ dos : doy
: ; /_ dO,G
' : /
E i sharp edge
: ; nozzles
o 7
cleaning |ip do
WJ R
forming ! .
/ ol
1
~ 7 > dos
WJ cutting | AW
cutting q
? _(injection systems) 0.2
AWJ :
—  cutting

(suspension systems)

‘ do-

>

water pressure [MPa]

AN |LABORATORY

m

ALTERNATIVE
TECHNOLOGIES

Ljubljana, 18" April 2006

25/32



gesvi,  TMCE 2006 symposium

April 18 - 22, 2006 TMCE 2006 tutorial

Ljubljana, Slovenia

Approach to understanding the machining process

measurements
on real system

PHYSICAL
REALITY

analytical physical
models models

Gunasekara, 1982
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Monitoring and modeling of AW]J process

- rebound based MODELING
acceleration model,

- computational fluid
dynamics approach.

- unit even approach,
- cellular automata approach,
- finite element analysis.

\ 4
AWJ formation workpiece material
process - CONTROLLING o removal process

Ay
stand-off
distance

- sound - sound measurement,
- acoustic emission meas. - vibration measurement,
measurement. - back flow pressure
MONITORING measurement.

Jurisevic et al: 37" CIRP ISMS, 2004

LABORATORY
E?%Enumvs Ljubljana, 18™" April 2006 27/32

TECHNOLOGIES



&w“”ho@ TMCE 2006 symposium
- A April 18 - 22, 2006 1
Ljubljana, Slovenia TMCE 2006 tutorial

Examples of modeling the AW]J process

ABRASIVE PARTICLE MODEL FEA PROPERTIES

’ A i simulation method: EXPLICIT,
da !

elements type:
3D solid (bricks) - workpiece;

rigid 3D solid (tetrahedral) - abrasive,
used FEA software: ANSYS/LS-DYNA,
definition of critical time:
Courant-Friedrichs-Levy criterion,
support program for

fast numerical modeling:

APDL - Python (GPL licence)

contact type:
Eroding Surface To Surface (ESTS).

workpiece
workpiece imaﬁ:tg AWJ material
AWJ material p

LT
AR
f aravaviiviy,
A VAVAY,

Avavavav;v;;
VYAV, 4 .
W > "‘:ﬁ{"/’ - spherical shape,

S
= - rigid body.

WORKPIECE MATERIAL MODEL
E.... elastic module ,
v....Poisson number

p....material density

>

J

simulated crater

True stress

SIMULATION RESULT
d;

@

real surface simulation

True strain T

EXPERIMENTAL SET-UP MEASUREMENT SET-UP

machine: OMAX 2652 A optical microscope:
HP pump: Béhler ECOTRON 403 PAC Leitz Ortoplan,

cutting head: Bohler TJ006060/590

) digital camera:
JVC TK-870E,

processing software:
Image Tool / MatLab.

cutting
step
protractor
( EXPERIMENTAL iet
designed RESULT e .
workpiece deflection

holder

workpiece material

RELEVANT PROCESS PARAMETERS

variable process parameters:
- jet impact angle (o),
- water pressure (pw)

/abrasive particle velocity (va)/.

fixed process parameters:
hso, vr, cutting head geometry (do, dr, IF),
abrasive parameters (type, #a, ma).

Junkar et al: 1 J Imp Eng, 2006 Orbanic, Junkar: WJTA, 2005
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Future trends in machining
Water Jet Incremental Sheet Metal Forming - WJISMF

ipw Process parameters: A p
collimating tube Vr hso .... stand-off distance [mm] pW
——3 Vr...traverse rate [mm/s] 306
continuous nozzle pw .... water pressure [MPa] —
(WJ orifice) dws .... water jet diameter [mm]
fixingnut  cp=0.9 .... continuous nozzle
& discharge coefficient [-]
A T d
> e— WA attributes:
i
Fw. I high-speed Fws .... WJ force [N]
3 ter jet i
2 */wa erje Ps .... surface pressure [MPa] i
! no plastic deformation
g S of the workpiece material
i
v gy p
f 1 sheet metal workpiece SO

Jurisevic, Kuzman, Junkar: 1 J Adv Manuf Tech, 2005
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Future trends in machining: Multi-Material Micro Manufacture

A

e

Bird'T;lﬂcm high,
; |hand + 10 cm long
it :Ef = —te. 0.1m=10cm

b 0.01m=1cm IC Chip + 1 em wide ]

\ Diameter human
= hair = 100 pm
o 1Graln of sand £ Tmm
= L 0.1mm=100um Biological cell =10 yim

T —— -
[Eiephant ~2m high}

IDust particle 1 1-5L|m!

e 0.01pm=10nm

Atomic lettering using
scanning tunneling

Quantum electronic
structures + 200 A

NANOMACHINING | MICROMACHINING

N\ —  1NM=10A microscape
O !_L 0.1nm=1A R - aal
[oms 4] [[ora -2 om wice | .
adou, C
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Future trends in machining: Multi-Material Micro Manufacture

—_ 10km
City
| 1km Relative tolerance Egyptian
pyramid
100 m 100%10% 1% 0.1% 0.01% 0 0001 %
House B 100m I
I— 10m
wal Precision machining
l—1m im
Arm 0 Absolute size
— foem
=)
— 1cm g 1cm Optical lens
=
Optical | — 1mm e
fiber E
l— 100 um E 100 pm
o
L 10um g Absolute tolerar
a (o]
<
Bacteria |— 1pm \/ € 1pum
S IC feature
L 0.1um g Relative tolerances for building
Virus a house and a lithography based
g micromachine
— 0.01um 5 (001 pm__
i)
l— 1nm E Y . .
o \/ Linear size
, tolerance
relative tolerance = _ —-100%
Y Linear size tolerated dimension
Madou, 2002
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Future trends in machining: Micro tooling
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