Cutting with geometrically
undefined cutting edges

Simulation Techniques in Manufacturing Technology
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Review:
From milling to grinding

number of cutting edges
chip thickness
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Review:
Characteristics of grinding

cutting edges possess different
geometries

mainly highly negative chip angle

varying distance of the cutting edges and
thus different chip thicknesses

varying distance of the cutting edges from
the rotation axes

tool consists of three components (grain,
bonding, pore)

tool can be dressed in the machine

e
Q
<5}
T
=

grinding wheel

rake angle

chips pore
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Review:
Modelling and simulation of grinding processes

Molecular Dynamics ® heuristic and empirical models are limited

P e
(MD) PO s and difficult to transfer from one process

O to another

s kinematics ®m Finite Element models are complex to

§ T apply and the necessary material

o Finite Element 2 proporties are often not known

S analysis (FEA) & B Molecular dynamics are very fundamental

A s m fundamental models can be regression
fundamental mik+bi-cx

models with physical background

= CUgsin(wt) - .
X, X, X

regression ‘ W
artificial neural nets %%

rule based M

B kinematics models can be used for
applicable simulations

empirical

9
S
O
O
@
O
| -
S
©
S

Source: CIRP Keynote Paper 2006, Brinksmeier et al.
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Review:
Comparison of model types

@ nighly £ S o) % ‘% 0 >
S S o SE | D £ 21z
® mesiom S| % |95 |25 % || 2E|Est
£ S |38 |Es| 3 |8 | £ |288
O tow S | B |88 |E°| £ |8%| 28 |get
Molecular Dynamics
® o6 o O O | e ® O
(MD)
kinematics A o O o o D D D ® o
Finite Element
. S— ® o6 o O O | e ® O
analysis (FEA) ’
-
fundamental  mibkex YD ® O o o | e | O |0
= CUgsin(wt) X, X, X
regression g D O O O ® ® O O
artificial neural nets =% 3% » | OO0 |0 @ @& | O | O
rule based M ® O | | ®© e O e | O |0
Source: CIRP Keynote Paper 2006, Brinksmeier et al.
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Review:
Difficulties in grinding process simulation

Cutting speeds: LS
v, =15 - 200 m/s \

Temperatures:
peaks above 1200C

Many material properties are

Temperature gradients: not known within these ranges

106 C/s /103 T/mm

Forming speeds:
¢ =~ up to 107 1/s
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The grinding process - Chip formation in grinding

elastic elastic and elastic and plastic
deformation  |plastic deformation deformation and
chip removal
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Energy distribution and heat flow

® Thermal energy flows in all
relevant components of

\ bonding_ svst .
\ N ystem:
h Penetration .
\ oath Workpiece (q,,)
”‘\ Grinding wheel (q,)
A Chlp (qchip)
Cooling lubricant ()
\ workpiece ®m The distribution of the heat
flow can be manipulated
Legend:

o - P. "= cutting power
qt — qcool + qchip + qw+ qs — Pc — Ft -Vc/Ak - F,=tangential force

J \‘ \\\A - v, = cutting speed
- A= contact area

cooling lubricant  chip workpiece  grinding wheel
* g = heat flow
qkss:Rkss' G cIchip :Rchip' o qw@ o qs:Rs' ot
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Calculation of heat flux into workpiece

2-12%

Qw

m heat flux into cooling lubricant g,
— assumption: cooling lubricant can take heat flux until
boiling point
3-38% M heat flux into chip gg,
‘ — assumption: chips can take heat until melting point

4

2 Qchip

m heat flux into grinding wheel g,
— grit contact analysis
— grinding wheel contact analysis

® heat into workpiece g,, can be calculated as
difference of total heat flux g, (calculated from

14 - 84 %
measured forces) and the assumed heat fluxes g,
cIchip and qs
© WZL/Fraunhofer IPT __—— WE} Page 11
Z Fraunhofer
RWTHAACHEN

IPT



Surface integrity of the workpiece

m Surface layer properties:
— residual stresses
— micro structure
— micro hardness
— roughness

— electrical, optical, thermal,
magnetical properties

Source: Brinksmeier, WZL

machined surface

e e s e
(e ————
————————— e
HV 1
texture
/ cracks
hardness residual
stresses
structure
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Surface integrity — Change of structure

® Martensitic steels can
be harmed by grinding
process
— deformation

— rehardening at the
surface possible

— annealing in deeper
regions possible

K Hod "‘fe' M | N
{= e PR " [ & 4 ‘*. f‘." : KF_Q\-, 1‘\.‘::' X
(V' =250mme/mm 0 A0HmM v = 1000 mnf/mm

——

= J - ¥
LSS

. B shown case:

grinding wheel wear
leads to high process
temperatures

material: 16MnCr5,
hard roller burnished

grinding wheel: sintered corundum
ABOHGYV
grinding parameters:

v, =80 m/s; q =-120; Q',, = 15 mm3¥/mms
ext. cyl. circumferential plunge grinding

cooling lubricant  emulsion 5%

.,?‘ ey ‘ P x g :

V= 1000 mn#/mm , 100 pm ]

Source:
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Influence of abrasive material on surface integrity

Residual stresses

(0) (0)
0E ts‘irness"se
Oct —
com- S 800
pressive E
stress E =
=
mechanical thermal ()]
load load %
O 0
m effects of thermal load during CBN =
machining can exceed mechanical =
effects 3 -400
-> positive compressive stresses 3
near surface o
-800

surface grinding
v, =30 m/s
e = 7 pm

material

100 Cr6V (62 HRC)

v,, = 400

mm/s

Lo\

/, ~

N

. Corundum
Y/ '~\/c” A 46 Jot 8V 35

l\Gl CBN

/

NS

e

/Ac” B 64 V 180

-
x

0 40

80 120
Source: Brinksmeier Depth [l.lm]

\
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Principle of 3-component piezo-electric force measu rng

m 3 different quartzes

B measuring orientation by
specific orientation of
crystal axis

o shear effect r g' !?;&,

longitudinal effect S
X
B integration of a charge T
amplifier for each [ & = = =]
component : EEwaeEs
shear effect ESa
e
®m sealed against cooling .

lubricants and other fluids
e

Source: Kistler
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Temperature measuring methods for grinding processe S

Temperature measurement method: 2-color pyrometer

test probe in workpiece

data acquisition

semi permeable
mirror

Source: WZL, Aachen
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Single and double pole thermocouple measuring metho d

Temperature _ _
difference Metal junction

\Y

CE- e

Metal B Measuring point

Iron \/\%

Double pole thermocouple 6,:)

:. i } | i r i
C_apnsta!'_ntan [

e
: \}Voﬁkpieq’e i
Single pole thermocouple
PR Z Fraunhofer WAL e
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Calibration of different sensors

Thermocouple
PT 100 TypK TypJ

120

Typ J (factor = 1.08) =
100 _ |
Typ K (factor = 1.24) —

®
o
<

Reference measuring (calibrated)

Temperature T, [C]
o
o

IN
o
L 4

Thermocouple Typ K

20 -
Tank =3 o ° \
O I I I [ I [ [ I [ |
1 2 3 4 5 6 7 8 9 10 ‘
Measuring point
Heat source Grinding oil
— Reference Measuring PT100 & TypK Typ J J
© WZL/Fraunhofer IPT y Page 19
~ Fraunhofer W/ZL

R\WTHAACHEN



Characteristics of one grinding overrun

Material
Q 50_':,"_"""_7 _____________ I _ 42CrMo4
S—=41 : <—— Workpiece Grinding parameters
© E t | : Q' = 2.5 mm3mms
£ =30 T | | m]}lrinding direction) | v,, = 600 mm/min
2 =20} : : V., =30m/s
- L 41
St ol I Measuring point : Coolant
Q f : . Grinding oil
p] 0 1 - ] | — ] 1
' : | il ' ' Needle nozzle
g 1000+ : : Bres_szlg parameters
— 1 I I Contact length |, g -
o 7507 : L a,y = 15 um
= 1 I (
g 500 1 I Single pole thermocouple Typ J
Q I I
250 1 I I =
g T |, =/a,
0 ; S a— : = ;
167.5 170 172.5 175 177.5
Time t [S]
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Comparing the different measuring methods

Material
42CrMo4
1000 Grinding Parameter
Q' = 2.5 mm3¥/mms
vV, = 600 mm/min
— 250 “ Measuring points v, =30m/s
= Workpiece | | Coolant
Ry InEi Grinding oill
o £, Needle nozzle
E 500 Dressing parameter
o U, =4
- Aeq = 15 pum
250
— @ 2-color-Pyrometer
— @ Typ K
0 = : = : = i J- . O Typ J
168 170 172 174 176
Time t [s]
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System ,Surface Grinding®

/

)

Machine

h
/

.‘ ’—

f
i

I

Workpiece

Tool —

Preparation

Coolant

Process parameters

Input-Parameters

Grinding burn at the

ndition :
B conditio workpiece surface layer?
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Experimental investigation in speed stroke grinding

Machine P max
BLOHM PROFIMAT 40 KW
Material ds max
100Cr6 (HRC 62) 400 mm
Coolant lubricant Ng max
Emulsion 5% 11,000 min
Qoo = 96 I/min
Grinding parameters Dressing parameters
Q‘W VW Vc V‘W U aed q
[mm3/mms] [m/min] [m/s] [mm3/mm] d [um] d
10 - 45 12 - 180 80 - 160 1000 4 3 0.6 -0.8
Grinding wheel Dressing tool
B181 LHV 160 Form roller
© WZL/Fraunhofer IPT L Page 24
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BLOHM PROFIMAT 408 HT
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Procedure of FE modelling processes

Hypermesh Abaqus CAE User-Subroutine
Geometry * Material properties * Heat source
Mesh « Boundary conditions « Material behavior
Input File Abaqus Standard
Pre-Processing * FE-Models *Moving heat source | Abaqus solver !
. (DFLUX) Rttt

© WZL/Fraunhofer IPT Page 27
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From the real process to a Finite Element Model

Cooling lubricant Grinding wheel speed v,
2 AN -’

YT Grinding wheel
N = [ — _——"‘:ﬁ

\ -

> »

Contact length |,

Table speed v,
—_—

N\ Fixed at the table&

\\\\\\\\

Workpiece

Adiabatic surface
hi=0

Workpiece M,

Boundaries
B Two-dimensional model
® Linear moving heat source

® Temperature-independent thermal material
properties

B The surface of the solid is adiabatic
B Bottom surface is set to 20C

B Maximum temperature of the coolant
lubricant is t; = 120T due to the boiling
point of emulsion

m Heat flux into the workpiece
0w = Yt — s — Acool — thip

In this approach of a Finite Element Model

‘ y only a thermal load is considered.
To,Uuy=u,=0 X
© WZL/Fraunhofer IPT y Page 28
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Analytical calculation of different heat flux profi les in grinding

13 Table speed v O Model by Carslaw and Jaeger
W niform
-— A ® heat source has a triangular distributed
10,4 o 7 — :
//./ \ heat flow density
g 7.8 / \\ Triangular | | ® heat source moves linear and with
< / 7 \\ \ ‘ constant speed over the surface
S /'"Jf : . .
B 52 : A\ — B heat source has an unlimited expansion
= \\ Square vertical to the direction of movement
2,6 \ | m the heated solid is semi-infinite, i.e. it is
‘Contact length, | l l only limited at one side
O T I\ ® T — |

-3 -2 -1 0 1 2 3
' 2x/lg
i V, . .
W — ?122?2;53: For the evaluation of the triangular heat
flux profile experimental temperature

measurements are necessary.
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Results:
Practical investigation for heat flux profile evalu ation

I T ! Material

: P 42CrMo4

1 I I Contact length |g Vi Grinding Parameter
I | —

Q' = 2,5 mm3/mms
vV, = 600 mm/min
v, =30m/s
Coolant lubricant
Oel

Needle Nozzle

Single pole thermocouple type J

o

© 5
M | ) M
—— .

Temperature T [C]
|_\

ol ~ =)

8 & 8

167,5 170 172,5 175 177,5

Dressing Parameter
Time t [s] U, =4
Aeg = 15 um
Bond Chip Experlme_ntal investigation shoyved
that a triangular heat flux profile | = T
\ _ Insulation v shows best results. g — V& O
Workpiece < P
~-._ '._. Constantan
Principle single pole thermocouple type J
© WZL/Fraunhofer IPT y Page 30
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Results:
Simulation results for the creep grinding process

Bl co7°c I 620°C 561°C 494°C 426°C  Material

358°C 290°C 223°C B 155°C B io°c 100Cr6 (HRC 62)
Grinding wheel
B181 LHV 160
Grinding parameters
V,, =12 m/min

Q’,, = 40 mm3/mms
vV, =160 m/s
Coolant lubricant
Emulsion (5%)

TS

Depth z [mm]

Austenizing temperature = 750°C

®)

°. 600

£

= 450 .

2 ®m Austenizing temperature was not reached
g 300 during the simulation of different grinding
o processes.

o

= 190 ®m Therefore, it is assumed that no phase

0 transformation will take place.
0 1 2 3
Depth z [mm]
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Results:

Temperature history at the hottest point of the sur face layer

800

Material

(@)
~
o

/—\

100Cr6 (HRC 62)
Grinding wheel

N
[o%e)
o

w
N
o

B181 LHV 160
Grinding parameters
History point at the surface

\
e

Temperature T ., [°C]

/
o |

Q’,, = 40 mm3/mms
T v, =160 m/s
Coolant lubricant

Emulsion (5%)

— V,, = 12 m/min

=

v,, = 80 m/min

0.999 1.009

1.019 1.029 1.039

Time t [s]

1.049 — V,, = 120 m/min

The maximum temperature and the temperature gradient can be predicted for high table speeds.
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Results:

Comparison between simulated and experimental tempe

rature

Temperature T ., [°C]

800
640
& )
\ S
480 o
)
\ Q
\\ ’ E
320 e
E._N . =
B e - E
160 o B o GE)
g
O T T T L|>j
0 50 100 150 200 * |
Table speed v , [m/min]
Grinding wheel  Grinding parameters Coolant|  ubricant

B181 LHV 160 Q’,, =40 mm3/mms
Material v, =160 m/s
100Cr6 (HRC 62) V', =1000 mm3/mm

Emulsion (5%)

B Maximum simulated temperature

2-colour-pyrometer test set up

Overrun n
Overrun (n+1)

Blind hole

Silica fibre
(dfipre = 250 pm)

Workpiece

®m For low table speeds the
thermal impact has a main
influence on the surface
layer.

m With increasing table speeds
the grinding mechanism
could not be considered
completely.

\
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Results:
Validation of the FEM Simulation

Depth z [mm]
c 01 02 03 04 Simulation results
400 1 | .
o 00 [—*< 800 Austenizing temperature = 750°C -
btllJ) 200 - ,‘ - N IS s IS DS DS DEE EEE ESE EEE  EEE
0 H S | D640 T~
N — ,7 2
d g pog | 0. =40 mm¥mms : / \
» E 1400 { - 480
- > | _ —
3 Z{ 600 Vs = 160 m/s 0 / T~
2 | = 320 ,
D 800 © Martensite temperature = 220°C
GE) 160
V,, = 12 m/min = ‘
0 ‘ ‘ ‘ ‘ ‘
0.999 1.009 1.019 1.029 1.039 1.049
Time t [s]
© WZL/Fraunhofer IPT L Page 34
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Results:

Validation of the FEM Simulation

Depth z [mm]

0 01 02 03 04 0 01 02 03 O04}]lo 01 02 03 0.4
400 { [+ -
o [ S
éﬁ 200 1 . ]
., 0 ',' . . S i = = J.’%‘*-"’":“-—-: :
— | |
& E[200 1, | 1)
& £ L400 .'l O'.. =40 mm3¥mms 1! .‘;
E Z.1 500 ! Vs =160 m/s It _
'O B
‘w800 - )
()
@ 11000+ ]
V,, = 12 m/min V,, = 80 m/min V,y = 180 m/min
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System ,External-cylindrical Grinding*

) _ N ;
O ) ¥ R S ! - -
- N e
) k I. .' ‘----.....
s What happens
al here...?
-
o
-
o
-
_ Boundary condition
© WZL/Fraunhofer IPT y Page 37
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Grinding machine and

parameters for external-cylin

drical grinding

Machine

EMAG KOPP SN 204
Material

38MnS6 (BY)
Coolant

Emulsion (5%ig)
Needle nozzel

2 @

Grinding parameters

Dressing parameters

Q‘w Vi Ve Ae U Aeq q
[mm3/mms] [m/min] [m/s] [mm/U] d [um] d
0.3-20 43-17.2 80 0.004 - 0.2 5 3 0.5

Grinding wheel

Dressing tool

CBN 151 VSS 3443 J1 SNV 360 E
(500 x 20 x 203.2)

301 SG 071P-140-0,5

rotating

ds,max

500 mm

Pnenn

30 kW

ns,auBen,max

7,500 min-

VC, max
150 m/s
KSS

Emulsion/oll

© WZL/Fraunhofer IPT
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Temperature measurement for external-cylindrical gr iInding

, Slide track

. ¥
Rotorelectronics — A

K1-RK1-R2
Shaft

Constantan wire
(Typ J)

Coil for transmission of
measurement data

GreenGlass (GFK)-disc,
devided

wd MICROTEL K1
AL B

KT &
’ =W
1---!' e i b
== =
A,
o |FF 8, e e

0 2% o
Stator unit Feedback unit
SK1-S4 K1-WK1-T Output
© WZL/Fraunhofer IPT L Page 39
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Results:

ng

Experimental results of external-cylindrical grindi

Material

38MnS6 (BY)
Grinding parameters
Q' = 20 mm3/mms
— Vv, =0.168 m/s

600 _ ~
Q = . Normal force
5 — 400 -
L L ]
200 - .
_ Tangential force
15

- v, = 80 m/s

CBN - grinding wheel
Coolant

Emulsion (5%ig)
Needle nozzle

5 1 Contact time t 1, =21 ms Dressing parameters
L e ——+—— — U. =5
28 29 30 31 32 33 34 q d — 05
1000 + d — ™
2 7501 Beq = 3 HM
g_g 00 1 B Normal force
c 250 1 Tangential force
© 18 . 1 Wi ! jL . e Grinding spindel
° " | 30.5 | 31 | 315 32  Ppower
Time t [s] B Temperature
© WZL/Fraunhofer IPT y Page 40
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From the real process to a Finite Element Model

workpiece

J
1
1

Werkstiick

Boundaries

® Two-dimensional model with a quadratic moving heat source

m Temperature-independent thermal material properties

®m The surface of the solid considered with heat convection

m Bottom surface is set to 20C

® Maximum temperature of the coolant lubricant is tg = 120T due to the boiling point of emulsion

© WZL/Fraunhofer IPT L Page 41
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Results:

Validation of cylindrical grinding simulation resul ts

1000 |
Experimente

Material
38MnS6 (BY)

__ 800 | Grinding parameters
© Q‘,, = 10 mm3/mms
— | v, =0.168 m/s
Iq_, 600 v, =80m/s
3 CBN - grinding wheel
g 400 | Coolant
3 Emulsion (5%ig)
£ 200 Needle nozzle
Dressing parameters
| Uy =5
0 ' qq =0.5
0 45 90 135 4 L =3um
e
Time t [ms]
The triangular heat source fits best.
© WZL/Fraunhofer IPT L Page 42
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Results:
Cylindrical grinding simulation results

20C

Bl \Vaterial

82 B 3gMns6 (BY)
146 [ .
200 [ Grinding parameters
270 =g Qw= 10 mm¥mms
335 mmm Vw =0.168m/s
308 mm Vs =80m/s
461 1 CBN - grinding wheel
524 [ Coolant
587 1 Emulsion (5%ig)
649 I  Needle nozzle
712 B Dressing parameters

L. g =05
- I Aoy = 3 UM

The visual representation of the thermal effects allows a better understanding.

© WZL/Fraunhofer IPT
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Results:
Cylindrical grinding simulation results

1000

_____________________________ ) Material

- 38MnS6 (BY)
Grinding parameters
Q' = 10 mm3/mms
v, =0.168 m/s
Ve =80m/s
CBN - grinding wheel
Coolant
Emulsion (5%ig)
Needle nozzle

800 [ ...

600 | ‘ ________________

400 |

.................

Temperature T [ °C]

OQ Dressing parameters
% Uy =5
P 10 0 10 20 30  Ga =05
2 Agg =3 UM
3 ed M
7

Circumferential direction x [mm]

The temperatures in the workpiece can be determined at any time, anywhere. Thus, the temperature
history for the workpiece is known.
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Open discussion

Thanks for your attention!

—————————————————————————————————————————————————————————————

Modelling and simulation of grinding processes are
complex but not impossible.

Dipl.-Ing. Michael Duscha
Email: m.duscha@wzl.rwth-aachen.de
Tel.: +49 241-80-28185
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Starting a new model: main window

== Abaqus/CAE 6.9-1 [Wiewport: 1]

[Z] File: Model ‘Miewpork  Miew Part  Shape  Feature

Help K?

NOR=e e AL E AR 8 SR 0

£ Model Database j > B "@"’

<+ Toolbars

4 Models (1)
=l Model-1
Eg Parts

ol Steps (1)

lﬁ Tirne Poinks

'ﬁ Interactions
gﬂ Contack Controls
Q] Constraints

= F Fields
IE Amplitudes
[ Loads
JI

Femeshing Rules
“Y Sketches

~A Annotations

=] ii Analysis

,g. Jobs

LB co-executions
4] A

- B Field output Requests
%:[ History Outpuk Requests

- B ALE Adaptive Mesh Constraints
E Interaction Properties
- g?' Contack Initializations

@ Connector Sections

- [ Predefined Fields

> %ﬁ Adaptivity Processes

j Madel: IModeI—l j Part:l

=

7

)

B
>

4 new nodell database has been created.
The model HModel-1" has been created.

y

A

Model/Results Tree

Messag

e area/

command line interface

Viewport: where the model
and results will be displayed

Model Tree/Results Tree:
graphical overview of
model/results

Prompt area: shows prompts
related to the current tool
being used

Message area: displays
status information and
warnings

Command line interface:
allows use of command line
inputs

Toolbox area: displays tools
available in the current
module
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Creating a part

Model I Results I

|g Model Database j - " Q‘
1

2 Madels (1)
=] Madel-1
IE Parts 4——

- [F2 Materials

Double-click
“Parts”

m “Base Feature”

1]

ﬁ!'__r} Sections

- @‘ Profiles

[ ﬁ Assembly

H ol Steps (1

- % Figld Qukput Requesks

- % History Outpuk Requests

IE Time Painks

- Bp ALE Adaptive Mesh Constraints
E Interactions

- E Interaction Properties
ﬁii Conkack Contrals

- 51?’ Contact Initializations
“Q:l Constr aints

@ Conneckar Sections

M F Fields

IE amplitudes

<[ Loads

[ BCs

-fm Predefined Fislds

-- Remeshing Rules
ﬂb Sketches

- \.f Annokations
I'_—'Iig Analysis

.g. Johs
@,ﬂ Adaptivity Processes
Bl co-executions

=)

Il Create Part |

Marme: I

— Modeling Space

30 & 2DPlanar ¢ Axisymmetric

— Type

{* Deformable
" Discrete rigid
" analytical rigid
| Euleriam

— Options

Mone available

— Base Feature
& shell
™ Wwire
" Paint

Approximate size: IEEI

| Conkinue, .. I

Zancel |

controls the
feature type used to sketch
the basic form of the part.

“Approximate size” controls
the size and spacing of the
grid used for sketching the
part. It should be
approximately equal to the
largest dimension of the part
in the model units.
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Sketching the part

Madule: [Part Model: [Modett 7] Part: | =
: + ! The toolbox contains tools for
; (@ 1y sketching the part
| &3 _l.l?'
| z/D 1’H_:)| .
~ Tools for creating
N basic shapes
<
2L A
-+
| gl
|
1 26 Tools for
o[> adding
: =L fix constraints
149
| I ; : K &
_t o Cancelprocedure gy omple use of | [ Mg
lﬂ?fw_dm___@ ______ : the prompt area to :gEEE
AN Go to previous step define a dimension 3
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Defining material properties

Model I Results I

|g Model Database

=84 Madels (1)
= Model-1
I% Parts
--lﬁ,ﬁ Materials
ﬁ!',_r} Sections
- E‘ Profiles
[+ ﬁ Assembly
ol Steps (1)
- a?’ Field Cukput Requests
- Ef' History Oukput Requests
Iﬁ Time Poinks
- E;; ALE Adaptive Mesh Constrainks
ﬁ Interactions
- E Interaction Properties
ﬂli Conkact Contraols
- ;ﬁ_f" Caonkack Initializations
Caonskraints
@ Connectar Seckions
M F Fields
E amplitudes
<[ Loads
[ BCs
- Predefined Fislds
-- Remeshing Rules
ﬂb Sketches
- ‘\.f Annokations
I'_—'Iig Analysis
,g. Johs
@ﬂ Adaptivity Processes
B Co-executions

j : :':L'-‘a :,;;)*.
Double-click
“Materials”

d [ 2]

Il Edit Material

Marne: IMateriaI—l

Description:

— Material Behaviors

General

Mechanical | Thermal =~ Cther

EN Edit Material E3
Marne: WS_100Cre
Edit... |

Description:

— Material Behaviors

Density
Specific Heat

General  Mechanical  Thermal  Other |Delete|

Heak Generation

Inelastic Heat Fraction
Joule Heat Fraction
Latent Heak

Specific Heat

Cancel |

— Conductivity

Type: IIsotropic "I

™ Use temperature-dependent daka

Fy

Mumber of Field variables: 0=

— Data

_I Conductivity I

A e
\

Enter property value here

Cancel |

_o |
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Defining temperature-dependent material properties

N Edit Material . . . . .
— ® The individual entries in the data table do not
Oesertion: st need to be entered individually. A table can be
~ Material Behaviors copied from Microsoft Excel, for instance, and
pasted into the Material Editor.
Specific Heat
General  Mechanical  Thermal — Cther |Delete| < 50 800 g;
— Conductivity Q E
Type: IIsotropic VI SeIeCt the .; 40 640 8 —_—
W' Use temperature-dependent data —— temperature- g — %¥
TLII:I;ﬂb:rDF field variables: 0o dependent Optlon E ¥ 30 480 % 3,
_I Conductivity I Temp | 1= 8 -g ' , g 5:'
1| 40.8 20 \ — = 520 320°; E
— . 2nd column E . —— Thermal conductivity Lo go
: . @
ﬂ =2 = appears - --41--- Specific heat capacities =%
: )
|5 | 416 45 -
7| 41.7 50 0 T ‘ ‘ ' J ! r 0
ﬂ b > 0 200 400 600 800 1000 1200
10| 21 65 = Temperature 8(C)
oK | Cancel |
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Defining a section

Madel I Resulks I Material Librarsy I

|@ Model Database

= fi3 Madels (1)

= Model-L

# [ Parts (1)
[+ lﬁ,ﬁ Materials {13

- @‘ Profiles

Elﬁ Assernbly

| ol Skeps (1)

- ﬂ? Field Cutput Requests

- Ef' Hiskory Output Requests
|“j Tirne Poinks

- Bm ALE Adaptive Mesh Constraints
E Interactions

- E Interaction Properties
ﬂj Contact Controls

- ;1?' Contact Initislizations
ﬁﬂ] Constraints

@ Conneckor Sections

# F Fields

r‘j Amplitudes

[ Loads

- [ BCs

- [la Predefined Fields

-- Femeshing Rules

Y sketches

“Parts”

I%... 051

=)

Double-click

Il Create Section x|

Marne: =-:.:.': -

— Category | [ Type

" solid

" shell Generalized plane strain
¢ Beam Eulerian

 Other Composike

Conkinue. ., I Cancel |

ik

I Edit Section

Mame: ‘Workpiece

Type: Solid, Homogeneous

This model represents a

homogeneous solid, so the section

should be “Homogeneous Solid”
even though the model is 2-D

(“Shell” is for parts with a thickness
that is much smaller than the other

two dimensions).

Material: |w5_100Cre R

Creats,..

—— Create a new one

[T Plane stress/strain thickness: |1

(0] 4 | iZancel |

EI/SG|6C'[ an existing material

/ or
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Assigning a section to a part

= II"II!':":I--ﬁ ﬂﬂ Select the regions ko be assigned a section EI
Al et ) Under “Parts”,
Ea_-_ﬁ Faatures (5) expand the Model Follow the directions in the
T b Tree for the part Prompt Box and select the
@ Skins ) regions of the part usin
ﬁ Stringers _~h L 1 g p g
EE Section Assignments €—— DOU)&HG _C“Ck Steftlon the mouse (selected
- e Qrientations . . . .
- By Camposite Layups SSIgnmen S r6g|0ns W|” be hlghllghted
Eaﬁg Engineeting Features :
- B Mesh (Empty) in red)
[# lE Materials (2] | |
[+ ﬁ}_r,‘»« Sections (1)
EX Edit Section Assignment
m Assigning the section to a part region defines [ s
what material properties are used for that part secton: [3teel _
reg |O n. hote: I.;I;;Ili::anl:flzllzz I?ELF:EEI;EIII::'EHEIS regions.
. . . . Type:  Solid, Homogeneous
® The material properties assigned to a region can Material: WS_100Crs
be easily changed by changing the Section ~ Region
definition. The Section Assignment does not Region: (Picked)
need to be changed.
g Ik | Zancel |
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Creating an assembly

= Madel-1
% Parts (1)
[F2 mMaterials (2)

- ﬁ Conneckor Assignments
[# ﬁ]g Engineeting Features

Fl ol Skeps (13

- % Field Qukput Requests

- % Hiskary Output Requests
Iﬁ Time Poinks

- Bm ALE Adaptive Mesh Constraints
ﬁ Interactions

- E Interaction Properties

ﬂIi Contact Controls

- ;ﬁ_’" Contact Initializations

'ﬂ] Canstrainks

@ Cannector Sections

H F Fields

E amplitudes

[ Loads

[ BCs

[ Predefined Figlds

-- Femeshing Rules

Y sketches

()

ﬁﬁ Sections (1) Expand the
E’ Prafiles “ ”
2 A Hssemby «—— “Assembly
|E| Insktances
~ e Position Constraints group anq
- Features double-click
"g oets “Instances”
- Surfaces

=)

m The assembly contains all the parts involved in an
analysis and defines their relative locations and

orientations.

— contains one or more parts

— may contain multiple copies (“part instances”) of a single part

— the orientation of a part instance in the assembly is not
necessarily the same as its orientation in the “Part” module

EN Create Instance

— Parks

— Instance Type

& Dependent (mesh on part)

" Independent {mesh on instance)

Mote: Tochange a Dependent inskance's
mesh, wau must edit its part's mesh,

[™ Auto-offset from other inskances

(4 I Apply I Cancel |

Additional copies of a part
or other parts can also be
added to the assembly by
repeating the process.

The current grinding
simulation includes only a
single part instance of the
workpiece.
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Meshing the model: element type

= W_ﬂ Expand “Par‘ts" {:_. E}-.i: ﬂﬂ Select the regions ko be assigned element bypes SeIeCt mOdeI
O parts (1) 4 - regions
=gk 20 «——FExpand the [ #8 ]
H & Features (8 ﬁ 4
Eﬂﬁ:l__f Seks {3) part to be AE \“Assign ﬂEIementTrpe B
= @? SUFFEIEES F—_"I 1 I — Element Library Family = - —~
B ® <kins meShed :ﬂ, ; Element I & standard € Explicit | | | zeneralized Plane Strain 1 -~ .fj} -
) srrgers e | Typer e
= gE Section Assignments (1) > S el T T
“ sSteel (Solid, Homogeneous) —— I [l | SIS SR =l i
] ] I Element Controls F St Ij Ij r E | t ) ]
B Orientations -+.E wi I W e | alnioll; Hplliel izeneralized Plane Strain
. -:I CDmstitE—' La':."ul:ls 2 4 4 I ™ Dispersion control I
43 Engineering Featu - - | jﬂﬂ : bezD: Adnode inearbed [~ Geometric Order — | | | pigzoelectric I
- Bm Double-click fovz) A || & Linear © Quadratic | | |Plane Strain I
=l 22 materials (2) “ ” + e \ _____ 1 I
- Mesh — | ' o |
® Element type can be defined before or after defining the \ e I
mesh \ | Element Controls
' \ [ ol 1
o ™ CorvectionDiffusion I
m  Abaqus Explicit supports fewer element types than \ 1 _
\ r Dispetsion control |
Abaqus Standard (Heat Transfer elements are only \ I :
available in Standard) \ : D204 & 4-node linear heat transfer quadrilakeral, |
® The current model uses linear quadrilateral Heat Transfer \\ I I
elements \ | :
|

® Documentation on Element Types:
Manual, sections 23-28.

Abaqus User’s

Note: To select an element s
select "Mesh-=Control

Ok |

Defaults |
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Meshing the model: seeding the part

Click and hold

Eﬁi I}gﬂ; v

s B [ [ [ [ [

m Seeding the part guides Abaqus in generating the mesh.
The “seeds” are placed along the edges of the part or part
regions, and Abaqus will then place the element nodes at
the seeds whenever possible.

m Methods of seeding

My~ “Seed Part"—seeds all edges in the part based on the
— desired average element size (creates “Global seeds”)

B “Seed Edge: by number'—seeds selected edges, based on
—  the desired number of elements along that edge (“Local

seeds”)

seeds”)

— “Seed Edge: Biased’—creates a non-uniform seed

L — “Seed Edge: By Size"—seeds selected edges, based on the
desired average element size along that edge (“Local

distribution along selected edges (“Local seeds”); the User

defines the “Bias Ratio” (the desired ratio between the

largest and the smallest element lengths) and the number of
elements to be put along the edge

® Documentation on seeding:
Manual, section 17.4 “Understanding seeding”

Abaqus CAE User’s
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Meshing the model: generating the mesh

Click and hold

e B (i B

l

Mesh part

Mesh region

mesh

Delete
region mesh

i
=
B Delete part
4

® Meshing techniques:
— Structured meshing—simple, predefined mesh geometries are adapted to the
geometries of the part (prefer)

— Swept meshing—a mesh is generated on one side of the region and copied
one element layer at a time along the “sweep path” until it reaches the target
side

— Free meshing—unpredictable, unstructured meshing technique that uses no
predefined mesh geometries

— Bottom-up meshing—a manual, incremental meshing technique, in which the
tie between the mesh and the part geometry is not as strict as in the automatic
meshing techniques.

®m Abaqus indicates possible meshing techniques for part regions using
color coding, and provides more detailed documentation about these
techniques in the Abaqus/CAE User’'s Manual, chapter 17. Adding
partitions or changing the element type can affect the available meshing
techniques.

— Structured meshing—color code: green, section 17.8.1 Swept meshing—color
code: yellow, section 17.9.1

— Free meshing—color code: pink, section 17.10.1
— Bottom-up meshing—color code: light tan, section 17.11.1
— Unmeshable—color code: orange
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Creating analysis steps

m Abaqus analyses involve multiple
steps in which different loads and
constraints are applied to the model

m Abaqus automatically creates the
step “Initial”. This step can be used
to apply initial conditions or
boundary conditions with the
limitation that all constraints applied
in “Initial” must have a value of 0.

— l.e. Step “Initial” can define the initial
temperature to be 0 or constrain a
set of points to have zero
displacement. It cannot define the
initial temperature to be 20 or define

a non-zero starting velocity for a
point.

® Analysis steps and output requests

= Madel-1
El % Parts (1)

- [# Black_2-D
lﬁ,ﬁ Materials (2)
ﬁ?_r,"« Sections (1)

E’ Profiles

ﬁ Assernbly

ol Seps (1} «————
o Intial

- % Field Cutput Requests

- % Hisktory Cukpuk Requesks

- Iﬂ Time Poinks

- E Interactions

E Interaction Properties
- ﬂli Conkact Controls

- j?’ Contact Initializations
EQ] Caonskraints

@ Connectar Sections
® F Fields

& Amplitudes

[ Loads

[ BCs

- [la Predefined Fields
-- Remeshing Rules

- E;;u SLE Adaptive Mesh Constraints

Double-click

HStepS”

=

[N Create Step

Mame; IHeat Load

Insert new step after

N Select where the
step will be inserted
in the sequence

Procedure tvpe: IGeneraI I:

Crynarnic, Temp-
ze0skatic Linear perturbation

Heat transfer
Mass diffusion
Soils

Skatic, General
Skatic, Riks
Visco -

Continue, .. I Zancel |

General steps can deal with

must be created by the user 15 sketches linear or non-linear behavior.
Linear perturbation steps
only for linear behavior.
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Creating analysis steps

EN Edit Step E3

Marme: Heat Load

Tvpe: Heat kransfer

Basic I Incrementation I Other I

Description: I.ﬂpply moving heat source bo top surface of the workpiece

Response: . Steady-skate {* Transient [N Edit Step

Time period: I I

Migeom: OFf \

Mame: Heat Load

Type: Heat transfer

Sets the simulation
time for this step
(i.e. the loads in this
step will be applied
for a simulated
period of 1 second).
The total simulation
time is the sum of
all steps.

o |

Automatic incrementation allows
Abaqus to increase or reduce the
| step size during the simulation

Basic |

Type: % Automatic © Fixed

Maximunm number of increments: IlEID |
Initial Miriirmum A—MH

Increment size: |1 I 1E-005 |1

[™ End step when kemperature change is less than: I

IMax, allowable temperature change per increment: I
Max, allowable emissivity change per increment: IEI.I \

The max. allowable temperature change per
increment affects the increment size and the
accuracy of the simulation. If the calculated
temperature change for an increment exceeds
this value, Abaqus will try again with a smaller
increment size.

The maximum number of
increments should not be set too
i low, or the simulation will be
terminated partway through.

L Likewise, the minimum increment
size will also terminate the
simulation if set too high.

The current model uses a maximum
number of increments of 80000 for
3 seconds of simulation time and a
minimum increment size of 3E-008.

Ok | Cancel |
/Fraunhofer y age
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Controlling output data

= Model-1

Black_z-D

- Profiles select
H ﬁ Assembly

ol Steps (2)

o= Initial l
o8 Heak Load
=0 Ficld Output Requests (1)
- E History Cukpuk Requests
I*j Time Paoinks

E Inkeractions

- -E Inkeraction Properties
ﬂli Conkact Conkrols

- ;j*ﬂ' Conkact Initializations
“ﬂ] Constraints

@ Cannectar Sections
# F Fields

- E Amplitudes

[ Loads

-5 Bs

- [la Predefined Fields
-- Remeshing Rules

S pats (1) Right-click
[+] |F_‘E Materials (23 “Field OUtpUt
[+ ﬁr,_[} Sections (1) RequeStS";

“‘Manager”

- B ALE Adaptive Mesh Constraints

=

m There are two types of output request

— Field output: records data from the entire model or from large
portions of the model (intended to be at relatively low frequency)

— History output: records data for a smaller region of the model at
high frequency

® When an analysis step is created, Abaqus automatically
creates a default “Field Output Request” that records default
output values for that step type. This output request can also be
edited to add or remove output requests

[H Field Output Requests Manager

_I Mame I Heat Load I edit... | <— Click “Edit”
v F-Cubput-1 Move Left

M Right

fctivate

[LEEE

[Deackivate

Sktep procedure: Heat kransfer

Yariables: Preselected defaulks
I Sketches Skatus: Created in this step
Create...l Copy. .. | Rename...l Delete. .. I Disrniss I
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Field Output Request options

EN Edit Field Output Request
Marme: F-Cutput-1
Skep: Heat Load
Procedure:  Heat transfer PR “
Domain:  [whole model ] _” -
_________________ — -

| Frequency: IEverynincrements

Tirnirig: IOutput at exact bimes

— Dutput ¥ariables
" Select from lisk below % Preselecked defaults © all & Edit variables

|HFL,NT,RFL,

B [ Displacement/velocity Acceleration
P I Energy

w* [ Thermal

¥ T, Modal temperature
I- TFMP Flement Fermnerabire

1] |

Mote: Error indicators are nokt available when Domain is Whole Model or Interaction.

[ output For rebar

Cukput at shell, beam, and lavered section points:

* Use defaults (& Specify: I

¥ Include local coordinate directions when available

i1
il
3
(m]
LN

o |

| Frequency:

Ewvery nincrements

|
I Timing: E Last increment :
1

Every nincrements

“ LMggnets Evenly spaced time intervals w
[ " Select f Every = units of tirme W Coal O Edi!
) ) 1
B RS LRl N— \ -

The evenly spaced time intervals option
could help reduce the size of the output
file and make the data from multiple
simulations easier to compare (I had not
seen this option, so | have not tried it).

The abbreviations of all currently
selected variables are shown in this field

So far, the default heat transfer outputs
(nodal temperature, heat flux vector and
reaction fluxes) have been used for the
simulations
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Creating a boundary condition

=l Model-1
El % Parts (11
- [ Block_2-D
lE Makerialz (2]
ﬁEw Sections (1)
E‘ Prafiles
ﬁ Assemnbly
=l ol Skeps (23
o= Initial
8 Heat Load
[+ % Field Output Requests (1)
- % History Qukput Requests
I"j Time Poinks
E;;! ALE Adaptive Mesh Constrainks
ﬁ Inkeractions
- E Inkeraction Properties
ﬂli Contact Controls
- ;ﬁ_’" Contact Initializations
- Caonskrainks
@ Cannector Sections
B F Fields
|E Amplitudes
[ Es
. [’Ir_’| <
P Predefined Fislds
-- Remeshing Fules
I& Sketches

“BCS”

=)

Double-click

[N Create Boundary Condition

Marme: IBC-I

[l Create Boundary Condition

Marne: IBC-l

Step: | Initial
Procedure;

— Category — |

> Skep: IHeat Load

ERS

— Types for Selected Step

Symmetry ! Antisymmetry [Encaskre

Displacement/Rokakion

Yelociky Angular velociky
Acceleration/angular acceleration
Caonneckor displacerment
Connector velocity

Connector acceleration

Zance| |

\/

— Category —
€ Mechanical
" Other

E

Procedure; Heat kransfer

— Types for Selected Step

Temperature

Connectar material Flow
Submodel

Conkinue. .. |

Cancel |

The available BC types are
limited based on the step type.

E.g. No mechanical BCs can be
set in a heat transfer step.

Documentation : Abaqus/CAE User’s Manual, section 16.8.2 “Creating
boundary conditions”; 16.10 “Using the boundary condition editors”
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Selecting the region to apply a boundary condition

:._ﬂ_ﬂ Select regions For the boundary condition | Sets...l gj
Instructions appear in
the Prompt Box. » Regions are selected by clicking on features (edges or

e \ areas) of the model.

" Heat source g,

*Features are highlighted in orange as the cursor moves
over them; a selected feature is highlighted red.

*Hold down the shift key to select multiple features.

— Heat convection

=» Heat transfer
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Setting the distribution of a boundary condition

I
Il Edit Boundary Condition Eq | Distribution: |[User-defined F Create. .. l

Marne:  BC-1 'I Magnitude: W I .
7/ - -
Typei  Temperature PR R N ___. A (non-time-dependent)
2 . . . .
Step:  Heat Load (Heat transfer) 7 non-unIfOI’m dlS'[I’IbUtIOﬂ
o 7/ e .
Region: . Defining the can also be defined
___________ 4 . . -
I Distribution: |niform [ Create... | d IStrIbUtlon as here .
L - — 7 H ”
Magnitude; |2|:| U se r_d efl ne d [N Create Expression Field E
amplitude: I{Instantanenus]l j Create...l WOUId requwe Name: [AnalyticalField-1
attaC h I n g a Descripkion: I
ik | Cancel | . Enter an expression by typing and selecting parameter names and operators below,
Su bro Utl n e " v Mokte: Farameter names and operators are case sensitive,
EX Edit Boundary Condition Ed Example: 2.5 + powl(Y,3)
Name:  BC-1 [[ Clear Expressianl
Type:  Temperature Local system: (Global) Edi... | Create. .. | [~ Operators —
tep: Heat Load (Heat ¢ : Local swstem type: Rectangular A,E - parameters
B eak Load (Heat transfer) — Parameter Names 0 a
Region: (Picked)  Edit Region... . +
v _
< ﬁistril:uutiu:un: iLIser-u:IeFined Vb Create... | *
Magnitude: IZIII I i,
ote: User subroutine DISP must be pi
attached to the analysis job. e |
Ok | Zancel | Ok | Cancel |
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Boundary conditions: Degrees of freedom

®m The degrees of freedom are numbered as shown in the
figure. The 1-, 2- and 3-directions are the x-, y- and z-

directions, respectively.

Numbering for degrees of freedom (from
Abaqus documentation)

1 Transkation in the 1-direction (U1} 2
2 Transkaton in the 2 -diraction (U2}

G| B
3 Transketion in the 3-direction (U3 ).

4 Rotation about the 1-direction (UR1).
810

& Aolation about the 2-direction (UA2).

& Aotation about the 3-direction (UR3). clof 3
dof 4

chof 1

dofé
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Creating a load

= Model-1 El Create Load Ed EN Edit Load Ed

E s Parts (1)

Al 0 i Mame:  MowingHeat
Elack_2-D Marne: IM:::wngHeat
P2 materials (2) Step: [Heat Load | Type:  Surface heat flux
Z, i Step:  Heat Load (Heat transfer
Hg iec:.llans () Procedure: Heat transfer P I: :I
rofles _ _ Region: (Picked) Edit Region. ..
ﬁ Assembly Category Types for Selected Step
El ol Steps (2 " Mechanical Surface heat Fux Distribution: ILIser-u:IeFineu:I j Create...l
o= TIniikial % Thermal Biody hieat: Fluz ;
: Magritude; |1
8 Heat Load ' Aooustic Concentrated heat Flux
B2 Field Gutput Requests (1) P Mote: User subroutine DFLLE must be
: % Histary OutpuE Requests Fluid attached to the analysis job,
; i i ! Elecktical
Iﬁ Tire Poinks O | Cancel |
- B ALE adaptive Mesh Constraints " Mass diffusion
- Interackions 1 1 1 1
g nwersctons € Gtfer The distribution options
- E Interaction Properties
Al contact Controks for loads are similar to

- j‘ﬂ' Contact Initializations

“ﬂ] Constraints Continue. .., | Cancel | those for boundary

@ Canneckor Sections

@ F Fields conditions.
E Amplitudes

ﬂ;‘; Loads .

Hbgm Double-click Thg types of loads are
Mect 4 oads” limited based on the

- P Predefined Figlds

" Femeshing Rules H Step type

- I& Sketches

Documentation : Abaqus/CAE User’s Manual, section 19.8.1
“Creating loads”; 16.9 “Using the load editors”
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Subroutines

m Subroutines provide more flexibility for specifying certain model parameters than is
provided by normal input methods.

m Different subroutines with different specifications are required for different purposes. l.e.
a different subroutine is required for specifying a heat flux distribution (DFLUX) than is
required for specifying a distribution for a boundary condition (DISP).

®m Subroutines are written in Fortran, and a suitable Fortran compiler is required to use
them in a simulation.

® Documentation:
— Abaqus Analysis User’'s Manual, 14.2 “User subroutines and utilities”

— Abaqus User Subroutines Reference Manual (includes discussion of individual subroutines and
their requirements)
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Incorporating previous results as a predefined fiel d

[N Create Predefined Field

Mame: IF'reu:IeFineu:I Figld-2

R

ﬂﬂ Select regions For the field or press Done to use calculated temperatures

Step: |Initial R

Frocedure:

— Category — | [ Types for Selected Step
" Mechanical | | Rl o

Material assignment
Initial Stake

¥ Other

|

Documentation : Abaqus/CAE
User’s Manual, section 16.8.3
“Creating predefined fields”; 16.11
“Using the predefined field editors”

[N Edit Predefined Field

Mame:  Predefined Field-2

Twpe:  Temperature
Skep:  Calc stresses (Dvnamic, Implicit)

Region: Read from file

From results or oukput database File

Direct specificakion

From results or output database file
User-defined
From results or output database file and user-defined

Distribution:

File name:

Beqin step:

End step:

Begin increment: I

End increment:

Mesh compatibility: % Compatible © Incompatible
[ Interpolatem

Create. .. |

/7 -Step number in the ODB where the data

to be read starts (default: 15t step in ODB)
b -Increment number where the data to be
read starts (default: 1t available

\increment)
-Number of the step where the data to be

read ends (default: same step number as
in “Begin step”)

[*-Number of the increment where the data
to be read ends (default: last available
increment)

o |

Cancel |

Compatible : the mesh in the source ODB and the current
model are the same or differ only in the element order

Incompatible : dissimilar meshes
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Creating a job

- @ Conneckor Sections

| F Fields

(%5 Amplitudes (1)

H [ Loads (2)

H [ BCs (2)

- [z Predefined Fields
" Remeshing Rules
]]b Sketches

Annokakions

{ g B o Y ey O |

Analysis

4
Sk
B

Jobs {13
- % Grinding_07-06_600_TB
%@ fdaptivity Processes
Il Co-executions

Double-click
“JObS”

:

Ll

[N Create Job
Marne: m

Source: [Model

2-D_Sma||'u'erifin:atiDnEIu:u:k_riI
HighSpeedBlock1
HighSpeedBlackl _mech
HighSpeedBlock] _tempabhs
ThickerBlock,

1] |

Conkinge, .. I

Cancel |

The source

<«<—— can be either

a model or

an input file.

EN Edit Job
Mame: Job-2

Maodel: Model-1

Description:

Submission

— Preprocessor Prinl:uzl:\

Generall Mermory | Parallelization | Precision |

[ Print an echo of the input data
™ Print contack constraint data
™ Print model definition data

[ Print history data

If using a subroutine,

attach it under the
“General” tab

scratch direckory:  Select, . |

/

User subroutine File: Select...l /

_o |

Zancel |
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Submitting

the job

Right-click on the job name

/

8 annotations
Elii Analysis
= &, 10bs (1)

/

Switch Conkext Chrl+

Space

By adaptivity p
“El Co-executio

Edit...

Copy,..
Rename...

Delete. .,

Del

\Write Inpuk
Data Check.

Zankinue
Manitat. ..
Fesulks

Options:

m “Write Input” creates an input file without running the job. This
can be used for running a job in the Batch System.

m “Data Check” checks for errors in the job, including subroutines.
It is useful for checking that a subroutine compiles can be
compiled.

m “Submit” actually runs the job (creating an input file and a data
check are both included in the submitting process).

® “Monitor” can be used to check the progress of a running job or
see messages produced during an already completed job.

E‘" t m “Results” opens the results file of an already completed job.

xpar [
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Monitoring a job

Right-click on the job name and

select “Monitor”. :>

Errors usually result in the
simulation being terminated.

Warnings are things the user

should be aware of that might

cause problems.

El HighSpeed12_1sec Monitor =] E3
Job: HighSpeedlZ 1sec  Stakus: Running
Severe . . —
" Equil Total Total Step Tlmf_-,.-"LP[-J
SHET | IR AL D;:;l:l‘l Iter Iter Time Freq Time,/LPF Inc
2 1 3 ] 3 3 1 ] 2.13928e-0
2 1 4 ] 3 3 1 1.75414e-06  1.75414e-0
2 2 1 ] z2 z2 1 3.50828e-06  1.75414e-0
2 3 1 ] 2 2 1.00001 5.26241e-06  1.75414e-0 -
1 |

LE'I Errors | I'Warnings | Ckpuk | Data File | Message File | Stakus File

Al
Completedyfnalysis Input File Processar
Skefted:  AbagusfStandard j
Search Text
|7Text to find: | I~ Matchcase Il mMext {f Previous

Kill | Disrniss |

The data file (file extension .dat), message file (.msg),
and status file (.sta) can be monitored here. These files
are saved to the working directory and can be viewed in
a text editor.
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Structure

Repetition of lecture 9

Thermal heat flux

Force and temperature measurement

Practical investigation

FEM simulation for surface grinding

FEM simulation for cylindrical grinding
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Agenda

Repitition of lecture 9

Thermal heat flux in grinding

Force and temperature measurement

Practical investigation

FEM simulation for surface grinding

FEM simulation for cylindrical grinding

Attachement
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Backup

\
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Procedures of finite element analyses in thermal si mulation

Grinding process

Input process parameters

table speed v,, heat profile, heat flux density q,, etc.

Specimen definition

geometry, material properties, etc.

1

|
Mathematical Formulation ||.:>

Does the simulation result
match with the experiment?

. ﬁ NoO
Finish —|
< Yes

Heat transfer model

Finite Element Model (FEM)

Material properties

Loads

Boundary Conditions

Heat Input Formulation

Solution Scheme

0

Post Process

TEMPERATURE

© WZL/Fraunhofer IPT

\

~ Fraunhofer
IPT

WAL
RWTHAACHEN

Page 75



