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Validation of Forging Smulations - Examples of industrial applications

Validation: By whom? Why? How?

A) Software developer
- to check the correct implementation of the algorithms used
- to check the internal data management
- to check new approaches i.e. material modelling, friction, damage
- etc.

- by comparison with analytic solution (for simple applications)

- by examining the internal data transfer

- by using links to external data processing software to analyse local results
- etc.

B) Software user
- Increase the acceptance of simulation as a reliable tool in process design
- Increase the understanding of the local and global results of a simulation
- In crease the technological understanding of the processes
- etc.
BY
- comparison of global results with available measured process data
- checking the volume constancy during simulation
- comparison of the simulated geometry with measurements of real parts
- comparison with local defects like folding or other marks
- etc.

(c) CPM GmbH, Herzogenrath, Germany - 29th SENAFOR -  Porto Alegre, RS, Brazil




Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding

Problem:
folding on the bottom of the part
after the second operation.

Question:

Is the simulation able to show
the same folding so that

it can be used

for optimizing the process?
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding
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Measured profile with folding Simulation result without folding
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding
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Measured profile with folding
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding

MATERIAL: I 2 4EEE, Inconel 718, 350-1070 ["C). 0.1-10[1/zec]. DO=ASTM & [c]
[max. 80 Char ]
" Ausweahl einer FlieBkuryenbeschreibung IHenseI-SpitleI ﬂ
kot i bark deopy- S0E
o Lo |G ecesy-2-form V4.30M(2D-axial-symm.) LIZ.NR. THYUO! 07.03.2009 16.42
Sl %EE INFO1: #9507 - 82,6kg - 8" INFO2: FuP -0002 Rev.00 S S
e E INKR. 474 (474) POS. WERKZ. 1: 55.00 0.00000 0.00000
— 9507-stoeckel-vore.fin 0.00000 0.00000
o TEMP 0.00000 0.00000
e 200 (e 0.00000 0.00000
= b5
o e B 9760
| o . 1507 - et60 (= Tahellarische D efirition van PHI # KF
FEssUNEN g - 856.0
—= = 100 796.0 PHPKT [ 0700 1.00 | 100 0.00 | 0.00
C o e || @ L 7360 Anzah
z | nza F = = = =
) = 50| = 676.0 Temperaturenl 4 HI 5 HI 4 HI 0 HI 0 H
E oo Temp 1. | 95000]  96000] 50,00 -
s 0 496.0 Temp. 2: 330,00 920,00 330.00
436.0 T @ 1mooo]  WEoo]  Ngioon] \
-50- 3780 T & 1o7000] 10400 10D
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Temperature gradient at the bottqln (< 500C) Applied YS — strain curve without data aﬂMweratures

Lowest values are at 950C
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding

MATERIAL: IINED 718 enweitert um tisfere Temperaturen

" Ausweahl einer FlieBkuryenbeschreibung

[max. 80 Char ]

IHenseI-SpitleI

i

A bank dcopy-1 EEE
eesy-2-form V4.30M(2D-axial-symm.) LIZ.NR. THYUOQ1 07.03.2009 16.46
S S INFO1: #9507 - 82,6kg - 8" INFO2: FuP -0002 Rev.00

0.00000 0.00000 INKR. 474 ( 474) POS. WERKZ. 1: 55.00

0.00000 0.00000 9507-stoeckel-vor-fk-erwe.fin

0.00000 0.00000 160 ‘ [ werkzeug 1

0.00000 0.00000 140 : { 8007 )
120 ) :l, f,(. 1 lWerkfeug 2

. _ Z g8 ( 300°C )
* Tabellanzche Defintion won PHI # KF . =
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PHIPKT | o100 .00 | 100 | 0.00 | 0.00 = L P
Anzahl = = = N = E
Temperaturenl 10 HI 5 HI 5 HI u HI 0 H = 60 mﬂﬁ
Temp. 1: 316.00 800,00 500.00 - R %EEEEE{ %
Tenm 2 472,00 550.00 550.00 N — ﬁ%
Temp. 3 53200 100000  1000.00 20-Eoi W’("TH‘// ﬁé& ]
T & gs000 110000  1100.00 0 e
Temp. 5 TRO.00 115000 115000
-20
TEn'lp. B: =00.00 j I T T T T T T T T T
0 20 40 60 80 100 1\140 160 180 200 220 240
X-Koordinaf§ in mm
Cancel | 0k I \
[ esyat-gefusgel2o0g-03-0515507-stosckel it Fie eingelesen \ 7

YS — Strain curves added at lower temperatures
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding

MATERIAL: IINED 718 enweitert um tiefere Temperaturen
[max. 80 Char ]
" Ausweahl einer FlieBkuryenbeschreibung IHenseI-SpitleI ﬂ
q L 95nrstng < = — =loixi
e 2 ecesy-2-form V4.30M(2D-axial-symm.) LIZ.NR. THYUO! 07.03.2009 16.47
R B el 5 INFO1: #9507 - 82,6kg - 8" INFO2:  FuP -0002 Rev.00
0.00000 0.00000 — 2 INKR. 474 ( 474) POS. WERKZ. 1: 55.00
0.00000 0.00000 — 9507-stoeckel-vor-fk-erwe.fin
0.00000 0.00000 e 140 LINIEN
W
e | v | 120+
% Tahbellarizche Definiti PHI / KF _teve | sieaw |
aoellansche Lennikion Vo e c (00
—Ir—mswm &
PHIPKT | o100 .00 | 100 | 0.00 | 0.00 e =
Anzahl — - - — - o e 2 1
Temperaturenl 10 HI 5 HI 5 HI o HI g H | e £ 40l
Temp. 1: 600 a00.00 500,00 - S w0l
Temp. 2: 472.00 550,00 950,00 N
Temp. 3: R33.00 1000.00 1000.00 20+
Temp. 4: ER0.00 1100.00 1100.00 0
Temp. 5 TRO.00 1150.00 1150.00 MIN/MAX
-20 0.0000
Temp. B: 300.00 j T T T T T \ T T T T T T 0.0000
0 20 40 60 80 100 1\140 160 180 200 220 240
X-Koordinat§ in mm
Cancel | ak. I \
[Gessy2i-gefusge|2005-03-0519507 stoeckel v sngalesen \ 7
YS — Strain curves added at lower temperatures With the added data the simulation shows the folding
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding

L] eesy-2-form Yers. 4.30M Liz:THYUD1

9507-stoeckel-vor-fk-erwe.fin
Datel  Pre FreCLAST Grafk-Werkstick Grafik-Werkzeug Run Fur-ClAST --=Datenbank  System Hardcopy-Typ  EXIT
(GEDMETRIE { WERKSTIICK )

Inkrementatswahl

i A ¥ el v e [

2 eesy-2-form V4.30M(2D-axial-symm.) LIZNR. THYUOD1 07.03.2009 16.48
300 INFO1: #9507 - 82,6kg - 8" INFO2: FuP -0002 Rev.00
Eponder | 410 INKR. 474 ( 474) POS. WERKZ. 1: 55.00
swierkstickkaniu _
ssibeshe | M 9507-stoeckel-vor-fk-erwe.fin

I Historns Elemente

;

LINKE Maustasts:
Grafikoptionen

FECHTE Maustaste:
Anzeige von
Knoterkooidinaten

Geometry with folding

d|eesya-efusge|Z009-03-05|3507-staeckebvor-fhesrwe.fin Fn-Fie eingelesen.
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding

eesy-2-form V4.30M(2D-axial-symm.) LIZNR. THYUO1 07.03.2009 16.48
INFO1: #9507 - 82,6kg - 8" INFO2: FuP -0002 Rev.00
INKR. 474 ( 474) POS. WERKZ. 1: 55.00
9507-stoeckel-vor-fk-erwe.fin

\
\

e e,

'A

Forged disc with folding Simulation result showing the folding
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Validation of Forging Smulations - Examples of industrial applications

Example 1: Inconel 718 disc with a folding

Fazit:
The simulation is sensitive enough to react to differences in the material data.

With correct material data the position and the size of the folding will be predicted correctly.
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

Problem:
Measurement showed
and area where the
hardness was

not sufficient.

Question:

Periodic failure

in the wire or wrong
process design leading
to non sufficient plastic
forming and therefore
to lower hardness after
heat treatment?

L | eesy-2-form Yers. 4.30x Liz:ORIG36 axle-a-41efin o (=] 5]
Datei  Pre Pre-ELAST  Grafik-Werkstick  Grafik-Werkzeug  Rum RuncELAST - Datenbank  System  Hardoopy-Typ  EXIT
Inkrementauswahl
— |alvl sl | | [ wlelw]
25
?g eesy-2-form VW4 30x(20-axial-symm.) LIZMNR. CRIG3A g9.03.2008 1540
Bg IMFO1: Axle INFO2: 4 station operation
150 INKR, 300 ( 300) POS. WERKZ. 1: 19200
175 :
Evport der 200 axle-a-41efin
werkstiickkontur
alz IGESFile
[T Histarp-Elemiette
LINKE Maustaste:
Grafikoptionen
RECHTE Maustaste:
Anzeige von
Enatenkoordinaten
!d:Ieesy2F'l,examples_apriI_2004'|,4-station-axle'l,axle-a-‘tle.Fin |PROTOKOLL definiert. ’_ﬁ
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

[ eesy-2-form Yers. 4.30% Liz.:0RIG36 axle-a-11e.fin =[]
Datei Pre PreELAST  Grafik-werkstick  Grafik-Werkzeug  Run Fun-ELAST  --= Datenbank  System Hardcopy-Typ  ERIT
Inkrementauswahl
e eesy-2-form VW4 30x(20-axial-symm.) LIZ NR. ORIG36E 08.03.2009 1500
lgg INFOT: Axle INFO2: 4 station operation
ggg INKR. 0 ( 600) POS WERKZ . 1: 32506
300 axle-a-11efin
350
Export der igg T |:| Werk '
‘wierkstiickkantur ErkZeu
A IGESHe | | 500 2507 !
550
00
0 l Werkzeug 2
2004
E
E
I~ | Histary-Elzmente £ 1804
1]
J_:] B D 1a0°c
E
=
LINKE Maustaste: 5 1004
Grafikoptionen =]
X
RECHTE Maustaste: 1
Anzeige von =
Krotenkoordinaten
504
n4
T T T I T T T
-150 -1a00 -50 0 a0 100 150
Cutt Oﬁ . X-Koordinate in mm
1. operation
|d:'l,eesy2Fl,examples_april_20D4'|,4-stati0n-axle'l,axle-a-1 1e.fin |PROTOKOLL definiert. ’;
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

Strain distribution
after 1. operation

(c) CPM GmbH, Herzogenrath, Germany

L eesy-2-form Yers. 4.30x Liz:ORIG36 axle-a-11e.fin & |E|Ill
Datei  Pre Fre-ELAST  Grafik-Werkstick Grafik-Werkzeug Run FUR-ELAST --»Daterbank  System Hardcopy-Typ  ERIT
Hifie | o Kontur/Vektor-Plots { WERKSTUCK )
HEL
| EP3Y  siGV SDD gesy-2-form W4 30x(20-axial-symm.) LIZ NRE. ORIG36 09.03.2009 1553
B (RS Ee ] 100 INFO1: Axle INFO2: 4 station operation
epsay | sy || 120
200 INK.F. B00 ( 6800} FOS. WERKZ. 1 23750
EPSPHI | siGPHI || 250 )
300 axle-a-11efin
EPS-=Y | TaAblxy igg :
SIGM | SIGT 450 ; ERa=Y
s 25804
siEMKF| SIE2 || 5 { - )
I |
dEPSHE/ dt
2004 1.5800
dEPS-Y 4 dt 14300
dEFS-PHI / d
: £ 1.2700
dEPS-HY / dt E 11100
Wi | GESCHW, = 1580+ .
WY KRAFT B 0.9500
TEWE | SIGNN < 0.7300
GLEITLINIEN 2 1oo4 0.6300
=
FLIESSLIMIEM = 0.4700
X
n.n. ] 0.3100
>_
* automatisch a0 0.1500
ol Minday [~
HistamElemente [T
04 MMM A X
i 1.7173
T T T T T T T p.0298
-150 -100 -50 0 50 100 150
X-Koardinate in mm
!d:1,eesy:ZF\,exampIes_apr'il_'2DD4'|,4-station-axle'l,axle-a-1le.Fin |FIN-FiIe eingelesen, l_ﬁ

- 29th SENAFOR -
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

Deformation and

therefore strain hardening by
backward reduction in the punch
and by forming the centring

at the bottom of the shaft

No significant strain in the shatft.

Strain distribution along the axis
after 1. operation

L eesy-2-form Yers. 4.30x Liz.:ORIG36

axle-a-1

1e.fin

Datei  Pre PreELAST  Grafik-Werkstick Grafik-Werkzeug  Run
SCHNITTDARSTELLUNGEN

Hilfe: ke

PUn-ELAST - Datenbank  System  Hardcopy-Typ  ERIT

=lalx|

| EPSY | SIEY 590 eesy-2-form W4 30x(20-axial-symm.) LIZMR. ORIG36 08032008 1503
EBrlS a0 INFO1: Axle INFO2: 4 station operation
Epsay | simy || 120
%gg INKE. 800 ( 600} POS WERKZ. 1: 23740
SIG-FHI
i ?ﬁi. 300 axle-a-11efin (SCHMITT BEI ®x = 0.0000E+00)
" at .
s | s61 || 150 — EPS-V
SIGMKF|  siG2 ggg 88+ { -
dEPSY /i i
P53 dt '
dEPS Y/ o 45
dEPS-PHI / dt
dEPS Y/ Al
Sl — FE
VY i
| e
+ RSchnit 257
X-Koord.l 0.0000 a.
hniitt
Y-Kood. o] 184
D_
05
a i i i 1 i i i i i i i
20 40 G0 a0 100 120 140 180 180 200 Z2i40
Y-Koordinate in mm
!d:'l,eesy2F'l,examples_april_20ﬂ4\4-station-axle'laxle-a-1 1e.fin |PROTOKOLL definiert. |_ﬁ
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

[ eesy-2-form Yers. 4.30% Liz.:0RIG36

axle-a-21e.fin

Datei Pre PreELAST  Grafik-werkstick  Grafik-Werkzeug  Run Fun-ELAST  --= Datenbank  System Hardcopy-Typ  ERIT

Initial situation

2. operation

Inkrementauswahl
e eesy-2-form V4 30x(20-axial-symm.) LIZNR. ORIG36 08.03.2009 15035
lgg INFOT: Axle INFO2: 4 station operation
%gg INKR 0 (1000) POS. WERKZ. 1. 268.14
ggg axle-a-21efin
Export der 400 300 T
‘wierkstiickkantur 450 |:| Werkzeug 1
als IGES File 500
550
£00
£50 2504
700
R | lWErkzeug 2
800
850
900 E 2004
950
1000 =
I~ | Histary-Elzmente =
ot 1580+
ﬁ m |:| 100°¢C
E
=
LINKE Maustaste: )
Grafikoptionen =] 100+
X
RECHTE Maustaste: 1
Anzeige von =
Krotenkoordinaten
50
04
i
T T T T I T T T T
-200  -1&50 -100 -50 0 a0 100 1450 200
X-Koordinate in mm
|d:'l,eesyZF\,exampIes_apriI_2DD4'|,4-station-axle'l,axle-a-Zle.Fin |PROTOKOLL definiert, ’;

(c) CPM GmbH, Herzogenrath, Germany

- 29th SENAFOR -  Porto Alegre, RS, Brazil
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

L eesy-2-form Yers. 4.30x Liz:ORIG36 axle-a-21e.fin o _IDILI
Datei  Pre Fre-ELAST  Grafik-Werkstick Grafik-Werkzeng  Rum RUTPELAST  --» Datenbank  System  Hardoopy-Typ  ERIT
Hile | s Kontur,/Vektor-Plots { WERKSTULK )
L4
| EP3Y  siGV SDD gesy-2-form W4 30x(20-axial-symm.) LIZ NRE. ORIG36 09.03.2009 1507
B (RS Ee ] 100 INFO1: Axle INFO2: 4 station operation
Epsy | sy || 120
200 INKR. 1000 (1000) POS. WERKZ. 1; 216.50
EPS-PHI | SiGRHI || 250 )
300 axle-a-21efin
EPS-=Y | TaAblxy 350 |
6 | siet || 40 ! EPS-V
500
SiEMKF| 562 || &g { - )
3 | E00
dERSA /b £50 2004
dEPSHE/ dt ;gg 1.6200
dEPSAYY / dt 200 13700
dEpsPH 2 || 220 '
— 5 E 1.2200
dEPS-HY / dt il 16504 10700
WX | GESCHW, = ’
WY KRAFT 2 0.9z200
TENE | SIGHN < 0.7700
GLEITLINIEN 5 1009 0.8200
o
FLIESSLIMIEM = 0.4700
X
fn. ! p.3200
>_
* automatisch 50 0.1vo0
ol Minddan [~
HistamElemente [T
0 MM WA X
i 1.6340
T T T T T T T 0.0a77
. . . . -150 -100 -50 0 a0 100 150
Strain distribution . g g
. H-Koardinate in mm
after 2. operation
!d:1,eesyZF\,exampIes_apriI_'2DD4'|,4-station-axle'l,axle-a-Zle.Fin |PROTOKOLL definiert. l_ﬁ

(c) CPM GmbH, Herzogenrath, Germany

- 29th SENAFOR -

Porto Alegre, RS, Brazil
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

L eesy-2-form Yers. 4.30% Liz:0RIG36

Slight increase of the
strain level in general
by further reduction
in the punch

and upsetting

in the shaft

Strain distribution along the axis
after 2. operation

(c) CPM GmbH, Herzogenrath, Germany

Hilfe |

axrle-a-21e.fin =10l =]
Datei  Pre Pre-ELAST  Grafik-Werkstick Grafik-Werkzeng  Rum FUTPELAST --» Datenbank:  System Hardoopy-Typ  ERIT
eesy-2-form W4 30x(20-axial-symm.) LIZ.NR. ORIG368 08.03.2009 1509
IMFOT: Axle IMFOZ: 4 station operation
INKR, 1000 (1000) POS, WERKZ. 1: 216.50
axle-a-21efin (SCHNITT EBEI X = 0.0000E+00)

EPS-Y
t = 4

Inkr.
| EP3Y  siGV 0
—— 50
EPsset | sigeed || 1o
150
EPS | SIGYY || ong
i i 2580
EPSPHI | SIGPHI || 50
EPS | Talsy || 350
400
S1G-M 51G-1 450
500
SiEMKF| 562 || &g
dERSY A dt €00
—I £50
dEPS334 / o 700
750
dEPSAYY / dt 200
as0
dEFSPHI / dt 00
I 950
dEPS34Y / b
e TEMP |
Yy
n.h. |
{* ¥:Schritt
X-Konrd.l 0.0000
{7 Y-Schnitt

‘Y-Koord, | (RN

20 40 60 80
Y-Koardinate in mm

100 120 140 180 180

I T = o %
i\ eesy2flexamples_april_200414-station-axlelaxle-a-21e.fin

|PROTOKOLL definiert.

- 29th SENAFOR -

Porto Alegre, RS, Brazil
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

L eesy-2-form Yers. 4.30% Liz:0RIG36 axle-a-3iefin

Datei  Pre Fre-ELAST  Grafik-Werkstick Grafik-Werkzeug Run FUR-ELAST --»Daterbank  System Hardcopy-Typ  ERIT

Inkrementauswahl

e eesy-2-form W4 30x(20-axial-symm.) LIZ.NR. ORIG368 08.03.2009 1510
?g INFO1: Axle INFO2: 4 station operation
Bg INKR. 0(350) FOS WERKZ . 1; 247 .69
150 axle-a-31efin
175
Export der 200 ]
‘Werkstickkortur | | 225 D Werkzeug 1
aks IGES-File 230
275 2504
300
325
D 30 lWerkzeug 2
2004
E
E
[T Histars-Elzmiente £ 150
@
J_:] ® D 100°¢C
=
=
LINKE Maustaste: 5 1004
Grafikoptionen =]
RECHTE Maustaste: KI
Anzeige van . =
Knatenkoordinaten 504
D -
T T T T T T T T T
- . . =200 -150 -100 -0 0 a0 100 180 200
Initial situation . g g
. H-Koardinate in mm
3. operation
!d:1,eesy:ZF\,exampIes_apr'il_'2DD4'|,4-station-axle'l,axle-a-Sle.Fin |PROTOKOLLdefiniert.

(c) CPM GmbH, Herzogenrath, Germany - 29th SENAFOR - Porto Alegre, RS, Brazil



Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

Strain distribution
after 3. operation

(‘. eesy-2-form Yers. 4.30x Liz:0RIG36
Datei  Pre Fre-ELAST  Grafik-Werkstick  Grafik-Werkzeug

axle-a-31e.fin

Run PURFELAST --»Daterbank  System Hardcopy-Typ  ERIT

Hile | s Kontur,/Vektor-Plots { WERKSTULK )
L4
| EP3Y  siGV 295 gesy-2-form W4 30x(20-axial-symm.) LIZ NRE. ORIG36 09.03.2009 1510
i [l | INFO1: Axle INFO2: 4 station operation
epsyy | sy || 2
100 INK.F. 350 ( 350} FOS. WERKZ. 1 188.00
EPS-PHI | SiGRHI || 125 )
150 axle-a-31efin
EPS | Talxy || 175 |
SIGM | SIGT 522 220 ; ERa=Y
SIG-MAKF| 5162 ggg S { - )
dEPS Y/ dt | %gg
dEPSS /ot 1804 2.3600
dEPSAY / — 3 1300
dEFSPHI / dt £ Toan
dEPS34Y / b E 1404 ' 5700
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i
. i 60 0.5200
>_
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0 MIN /M A X
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-150 -100 -50 0 50 100 150
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!d:1,eesyZF\,exampIes_apriI_'2DD4'|,4-station-axle'l,axle-a-Sle.Fin |PROTOKOLLdefiniert. l_ﬁ
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

L eesy-2-form Yers. 4.30% Liz:0RIG36

axle-a-31e.fin

Datei  Pre FPre-ELAST  Grafik-Werkstick Grafik-Werkzeng  Runm RUT-ELAST --» Datenbank:  System Hardoopy-Typ  ERIT

Hilfe | Ik SCHNITTDARSTELLUNGEN { WERKSTUICK )
kK

Further reduction [Esv _awv |0
. h h EPsa | siGae || mn
In the punc epsvy | s ||
and upsetting in the epopi | siaem || 122
o EF5= Ll 175

middle of the part. —r &
sigaarke| sis2 || 2

dERSY A dt 200
—I 325

dEPS# ¢ dt
dEPS-7Y / dt
dEPS-FPHI / dt
dEPS-#Y / dt

\\ji TEME |
No further forming in the shaft. — . |

(* H-Schritt
g = [0.0000

¥ Schit T~

=10l x|

eesy-2-form W4 30x(2D-axial-symm.)] LIZ.NR. ORIG36

IMFOT: Axle IMFOZ: 4 station operation

INK.R. 380 ( 3580) FOS. WERKZ. 1

09.03.2009 1527

1898.00

axle-a-31efin (SCHNITT BEI X = 0.0000E+0D)

Y-Koord, | 00000
0 e e = R F T (A == | =
. g . 2 20 40 60 80 ;oo 120 140 1680 180
Strain distribution along the axis S nariiadte Y mm
after 3. operation
!d:'l,eesyZF\,exampIes_apriI_2DD4'|,4-station-axle'l,axle-a-Sle.Fin |PROTOKOLL definiert. |_£
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

Initial situation
4. operation

(c) CPM GmbH, Herzogenrath, Germany

L eesy-2-form Yers. 4.30x Liz:ORIG36 axle-a-41e.fin _|E||1|
Datei  Pre Fre-ELAST  Grafik-Werkstick Grafik-Werkzeug Run FUR-ELAST --»Daterbank  System Hardcopy-Typ  ERIT
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e eesy-2-form W4 30x(20-axial-symm.) LIZ.NR. ORIG368 08.03.2009 1528
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0 4004 lWerkzeug 2
E
£ 1504
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1]
J_:] B D 1a0°c
P
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T T I I T T T
-150 -100 -50 0 50 100 150
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!d: \eesy2fiexamples_april 200414-station-axle)axle-a-41e.Fin

|PROTOKOLL definiert.
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

Strain distribution
after 4. operation

(c) CPM GmbH, Herzogenrath, Germany

L eesy-2-form Yers. 4.30x Liz:ORIG36 axle-a-41e.fin _IDILI
Datei  Pre Fre-ELAST  Grafik-Werkstick Grafik-Werkzeng  Rum FUTPELAST  --» Datenbank:  System  Hardoopy-Typ  ERIT
Hil | o Kontur/Vektor-Plots { WERKSTICK )
L4
| EP3Y  siGV 295 gesy-2-form W4 30x(20-axial-symm.) LIZ NRE. ORIG36 09.03.2009 157249
i [l | INFO1: Axle INFO2: 4 station operation
Epsy | smy ||
122 INK.F. 300 ( 300) FOS. WERKZ. 1
EPS-PHI | SIG-PHI
150 axle-a-41efin
EPS-=Y | TaAblxy ;Eg 290 |
SiGM | s || 205 ; S
SIGMAF|  SIG2 %?g 2004 { -
EPsy /o | T
dEPS / 1804 7 5400
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dEFS-PHI / d
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dEPS-HY / dt E 1404
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WX | GESCHW, =
yay | KRAFT v 120+ 1.5400
TENE | SIGHN < ynod 1.2800
GLEITLINIEN e 1.0400
o
FLIESSLINIEN o 80+ 0.7800
X
. >'_ RO 0.8400
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ol Minddan [~ 40
HistamElemente [T 204
0 R e
2673
T T T T T T T 01675
-150 -100 -50 0 50 100 150
H-Koardinate in mm
!d:1,eesyZF\,exampIes_apriI_'2DD4'|,4-station-axle'l,axle-a-‘tle.Fin |PROTOKOLLdefiniert. l_ﬁ
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

High strain by finishing
the head

| EP3Y  siGV 295 gesy-2-form W4 30x(2D-axial-symm.) LIZ NF. ORIG36
— i |_SE>°L ?g INFO1: Axle INFO2: 4 station operation
S| e ) INKR. 300 ( 300) POS WERKZ. 15 13200
EPSPHI | siGRHI || 122 L
150 X el (SCHMNITT BEEI X = 0.0000E+00)
EPssr || Tatis || 175
200 T T P

L eesy-2-form Yers. 4.30% Liz:0RIG36 axle-a-41e.fin
Datei  Pre Fre-ELAST  Grafik-Werkstick Grafik-Werkzeng  Rum RUTPELAST --» Datenbank  System  Hardoopy-Typ  ERIT

Hilfe | Ik SCHNITTDARSTELLUNGEN { WERKSTUICK )
kK

09.03.2009 1529

No further forming in the shaft

=> Non sufficient hardness
after Heat treatment

Strain distribition along the axis
after 4. operation

S1G-M 51G-1 225
SIGMAF|  SIG-2
dERSA / di |
dEPS-+34 / dt
dEPS-7Y / dt
dEPS-PHI / dt
dEPS-HY / dt
W TEME: |

Y

% HSchritt
X-Konrd.l 0.0000

" Y-Schnitt

“-Koord, | (RN

i

20 40 60 g0 100 120 140 160
Y-Koardinate in mm

180

!d: \eesy2fiexamples_april 200414-station-axle)axle-a-41e.Fin |PROTOKOLL definiert.
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Validation of Forging Smulations - Examples of industrial applications

Example 2: Shaft with non sufficient hardness

The simulation explains the non
sufficient hardness found in measurements.

The strain distribution along the axis can be used
as criterion to optimize the process design.

(c) CPM GmbH, Herzogenrath, Germany - 29th SENAFOR -  Porto Alegre, RS, Brazil



Validation of Forging Smulations - Examples of industrial applications

Example 3: body of a spark plug (investigation in material flow)

4 forming operations
with
final additional piercing

(c) CPM GmbH, Herzogenrath, Germany - 29th SENAFOR - Porto Alegre, RS, Brazil
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Example 3: body of a spark plug (investigation in material flow)

] eesy-2-form Vers. 4.30%_Liz-ORIG36

eesy-2-form V4 30x(2D-axial-symm.)
Nedschroef INFO2

EA5T;

> Datenbank  System Hardcopy-Typ  EXIT
LIZNR. ORIG36
Spark-plug
INKR, 850 (984)  POS. WERKZ.1: 23,42
nedgb11efin
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INFO1
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£
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5
0
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X-Koordinate in mm

D Werkzeug 1
l Werkzeug 2|
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[PROTOKOLL defevert,

B p £l

eesy-2-form V4.30x(2D-axial-symm.)
nedschroef INFO2

> Datenbark  System Hardcopy-Typ  EXIT
LIZNR. ORIG36

INKR. 1000 (1000) POS. WERKZ. 1: 1281
ned9z3tefin

09.03.2009 10.24
spark-plug -korr, WZ

INFO1
Export der
‘Werkstiickkontu
als IGES-File: 354
%
55 30+
e 575
&0
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S e 254
700 E
sl 75 <
I oy Enee | 12 S 204
75 2
800 -
s & ]
= 5 18
UNKE Maustaste: | 875 5
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25 < 104
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-25
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. Werkzeug 2|
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PROTOKOLL defriert

(c) CPM GmbH, Herzogenrath, Germany

nedgazze.fin

Datel Pre FroflAnT GrafkWerkstick
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Export der
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s IGES File
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Validation of Forging Smulations - Examples of industrial applications

DWerszug 1
lwmzeug 2
lWerszug 3
D 120°C

[zcpmieesy2fiexanples_opri_2004spark_phginedsazze i

PROTOKOLL defiet.

ned9z41efin

Detel Pre Preclis] GrafkWerkstick GrafiWerkoeug Run unflAsi —>Datenbank  System Hardcopy-Typ  EXIT

OMETRIE_( WERKSTUCK )

09.03.2008 1025

D Werkzeug 1
. Werkzeug 2|
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Inkrementauswahl
z eesy-2-form V4 30x(2D-axial-symm.) LIZNR. ORIG38
1 INFO1:  Nedschroef INFO2:  spark-plug
= INKR. 1000 (1000)  POS. WERKZ. 1:  8.86
Bl nedzdle.fin
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tic it 4
diceste || 2 40
35
™
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s
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RECHTE Maustase: X s
Arzige von > 1
Krerenkoodinsten
o
-5
1o
i
-30 20 -10 0 10 20 30
X-Koordinate in mm
| apri_2004\spark_ [PROTOKOLL definiert.
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Example 3: body of a spark plug (investigation in material flow)

alv] slel |||zl

> Datenbark

eesy-2-form V4.30x(2D-axial-symm.)

System Hardcopy-Typ  EXIT

LIZNR. ORIG36

INFO2:  Spark-plug

950 (964)  POS. WERKZ. 1: 23.42
nedghi1efin

08.03.2009 10.18

INFO1 Nedschroef
INKR
Evport der
Wekstickkoetur
s IGES File

LINKE Maustaste:
Grakoplonen

FECHTE Maustaste:
Anzeige von
Knotenkoardnaten

Fpmiesyaisianies ool Z00par pUaedibi 1o i FieFis gl

ned9z31efin
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0 INFO1 nedschroef
0 INKR

RI
T GraflkWerkstick GrafikWerkaeug  Run 7 ELAST > Datenbark  System Hardcopy-Typ

[GEOMETRIE_(WERKSTOCK )

250 eesy-2-form V4.30x(2D-axial-symm)

Ear

LIZNR. ORIG3B

INFO2:  spark-plug -korr

1000 (1000) POS. WERKZ. 1:  12.81
ned9z31e.fin
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Grafkoptionen 0
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eige von
Knoterkooidnaten  JSRAL~ ]
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(c) CPM GmbH, Herzogenrath, Germany
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eesy-2-form V4 30x(2D-axial-symm.) LIZNR. ORIG36 08.03.2009 10.18
INFO1 Nedschroef INFO2:  Spark-plug
INKR. 1000 (1000) POS. WERKZ. 1: 1484
Evpart der ned9a22e.fin
Wetkstickkontur
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LINKE Mastaste:
Grafioptionen
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i Liz:ORIG36  neddzdl -lgfx|
Datel Pre froiiis] GfkWerbstick GraflWerkaeug Run 7 fl >Datenbark  System  Hardeopy-Typ  EXIT
I
0 AlY| ] e
50
10 eesy-2-form V4 30x(2D-axial-symm) LIZNR. ORIG36 08.03.2008 10.20
2 INFO1 Nedschroef INFO2 spark-plug
£ INKR. 1000 (1000) POS. WERKZ. 1 8.86
Expot der 0 ned8z4 fefin
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alsIGES File 500
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60 P —
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=
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Validation of Forging Smulations - Examples of industrial applications

Example 3: body of a spark plug (investigation in material flow)

The cut surface of the
cut off (no phosphate)
forms into the shatft.

=> Shining area“

(c) CPM GmbH, Herzogenrath, Germany - 29th SENAFOR - Porto Alegre, RS, Brazil
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Validation of Forging Smulations - Examples of industrial applications

Example 3: body of a spark plug (investigation in material flow)

[ eesy-2-form Yers. 4.30% Liz..ORIG36 ned9clle.fin -0l =l
Datei  Pre Pre-ELAST  Grafik-Werkstick  Grafik-Werkzeug  Run  Fun-ELAST  --= Datenbank  System Hardcopy-Typ  EXIT

GEOMETRIE ( WERKSTUCK ) {Scrollen: Pfeiltasten)
Inkrementauswahl

NN - | eesy-2-form W4 30x(2D-axial-symm ) LIZNR. ORIG3B 09.03.2009 10.53
20 INFOT: spark plug INFOZ: 1. op

40 INKR. 0 ( 200) POS. WERKZ. 1: 32.40

&0 nedSciiefin

Export der a0
wherkstlickkontur a0 40 4 Werkzeug 1
al: IGES-File oo

140 .
an | 1o : lWerkzeug 2
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=
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te in mm

(o]

[y

|

[
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1. operation :
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E Maustaste:

i
T T T T T T T T T T T T T
-30 -25 -20 -1&8 -10 -5 0 5 10 15 20 25 30

¥ -Koordinate in mm

|d:'l,ppt-présentationen'l,nedgc1 1e.fin |FIN-FiIe abgespeichert | '7
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Validation of Forging Smulations - Examples of industrial applications

Example 3: body of a spark plug (investigation in material flow)

('. eesy-2-form Yers. 4.30% Liz:ORIG36

neddcile.fin

Diatei

Inkrementauzwahl

Export der a0
swherkstlickkartur | | 30
als IGESFile

3D |
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ﬂ 1592
1593
LIMNKE Maustaste:
Grafikoptionen
RECHTE Maustaste:

Anzeige von
I37e)

Geometry after
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Y -Koordinate in mm

PBre Fre-ELAST  Grafik-werkstick  Grafik-werkzeug
GEOMETRIE ( WERKSTICK )

Bun  PUR-ELAST  --»Daterbark  System  Hardoopy-Typ  EXIT

(scrollen: Pfeiltasten)

LIZMNR. ORIG36

IMFO2: 1. op

18989 ( 200) POS. WERKZ. 1:
ned8cllefin

eesy-2-form W4 30x(20D-axial-symm.)
INFO1:

spark plug
INKR.

08.03.20049

23.34

40+
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254

20+

showing part of the cut off
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the shaft
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Validation of Forging Smulations - Examples of industrial applications

Example 3: body of a spark plug (investigation in material flow)

L | eesy-2-form ¥Yers. 4.30x Liz:ORIG36 neddclilefin _|EI|1|
Datei  Pre Fre-ELAST  Grafik-Werkstiick Grafik-Werkzeug  Run FUn-ELAST --=Datenbank  System Hardcopy-Typ  EXIT
Hilfe: | i Kontur/Vektor-Plots { WERESTUCK ) (Scrollen: Pleiltasten)
EPS- | SIGA %g | gesy-2-form W4 30x(20-axial-symm.) LIZ NF. ORIG36 09.03.2009 11.01
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Validation of Forging Smulations - Examples of industrial applications

Example 3: body of a spark plug (investigation in material flow)

L | eesy-2-form ¥Yers. 4.30x Liz:ORIG36 neddclilefin i _IEllll
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a0 nedf9cllefin
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Validation of Forging Smulations - Examples of industrial applications

Example 3: body of a spark plug (investigation in material flow)

Fazit:

The simulation is precise enough to show the local material flow
leading to the forming of the cut surface in to the
cylindrical shaft surface.

Therefore for other effects resulting from the material flow
similar precision can be expected.

(c) CPM GmbH, Herzogenrath, Germany - 29th SENAFOR -  Porto Alegre, RS, Brazil
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Validation of Forging Smulations - Examples of industrial applications

Example 4: ,Inner Race* (with typical under filling)

Problem:

After operation 1
and after operation 2

as well the ,Inner Race*
shows under filling in the
lower area.

Question:
Can the simulation predict
these under fillings?

(c) CPM GmbH, Herzogenrath, Germany - 29th SENAFOR - Porto Alegre, RS, Brazil
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Validation of Forging Smulations - Examples of industrial applications

Example 4: ,Inner Race* (with typical under filling)
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Validation of Forging Smulations - Examples of industrial applications

Example 4: ,Inner Race* (with typical under filling)
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Validation of Forging Smulations - Examples of industrial applications

Example 4: ,Inner Race* (with typical under filling)
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Validation of Forging Smulations - Examples of industrial applications

Example 4: ,Inner Race* (with typical under filling)
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Validation of Forging Smulations - Examples of industrial applications

Example 4: ,Inner Race* (with typical under filling)
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Validation of Forging Smulations - Examples of industrial applications

Example 4: ,Inner Race* (with typical under filling)

Fazit:
The simulation is precise enough to show the under fillings.

The contact stresses on the tool surface can be used to analyse the contact situation
and to optimize the filling.
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