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Situation leading to the project

Metal forming simulation in forging showing
- geometry and material flow
- stresses and tooling loads
- microstructure

= Requirements to the quality of material data (yieldstress-strain, etc.)
- completeness of data
- reliable measurement method
- precise and reproducible measurement

— necessity to formulate a guideline to describe
- the measurement method
- the necessary equipment
- the measurement technique
- the documentation
- etc.

=> Find a guide line (best practice) “how” to measrte yield stress - strain
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Fliesskurve ist nur zwischen 950 und
1070°C definiert!

MATERIAL: | 2ABR8, Inconel 718, 350-1070°C). 01-10 [145ec], DO=ASTM B ]

[max. B0 Char.]
™ Auzwahl einer Flielkurvenbeschraibung | {enzal-Snittal _]
' Tabellarische Definition yan PHI 7 KF

PHIFKT | 0100 1.00 | 100 | 0.00 | 0.00
Anzahl 2 z

TemperalurenJ 4 4 EJ L E' 0 E
Temp. 1: J 350.00 950.00 350, -
Temp. 1 980.00 980.00 380.00
Temp. 1010.00 1010.00 101000 l
Temp. 4: 1070.00 1040.00 10497
Temp. 5 | el 107000
Temp. B _'.]

Cance ‘

10. October 2008 28 th SENAFOR

© Peter Janschek, Leitritz Turbinenbau GmbH, Remscheid, Germany



Materialdaten Definition

NCO 718 hrniedung










140

120

100

80

60

40

20

-20

“Anderung dés Eckénradils al

R =

20 mm — Simulation ohne Fehler

N

o

s

i

L[]
|

jé\
o
:
BEAEE
ﬂ

[T T T T T I T

RN
N T I

L1

1]

[T
[

T Y A A I

]
|

il

—

I i s ) gy

a=

10. 8ctober 20029

80

100 1%8thSEN%8:OR4O 60 80 100 120 140 160

© Peter Janschek, Leitritz Turbinenbau GmbH, Remscheid, Germany

180 200






28° SENAFOR — 12 International Forging Conference - Importance of yied stress — strain curves...

Das Schmiedetell zeigt sich nach der
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|AM Duisburg
Anonymous 1 tancelleg

IEHK Aachen
IFU Stuttgart
IFUM Hannover

Anonymous 2 (ater stopped
IMFT Freiberg

LFT Erlangen

Anonymous 3 (ater stopped
Anonymous 4 tancelleg







Specification of specimen shapes by the institutestl Mai 2006
Agreement with two ind. Partners to make the speciens: till Mai 2006
Specimen drawings sent to the industrial partnersf2. 06. 2006

Specimens for the cold tests sent to the institute@9. 10. 2006

First results of Yield stress — strain curvegcold): 13.03.2007

First project meeting: 14.03.2007




Specimens for the hot tests sent to the institute46. 03. 2007

Further results of Yield stress — strain curvegcold): : till 17.12.2007

Results of Yield stress — strain curve§eference test - cold)till 17.12.2007

Further results (cold) related to ‘specimen shape* and ‘corrections': tl 17.12.2007
First results of Yield stress — strain curveghot): till 17.12.2007

Second project meeting: 18.12.2007




Corrected results for thereference test (cold)till 05.05.2008

Results for thereference test (hot) till 05.05.2008

Third project meeting: 05.05.2008

Corrected results for thereference test (hot) July 2008
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Werkstoffauswahl (Industriebefragung)

Firmen Halbwarm

Presta

Presta

Presta

KN, Daimler

DP Bharat (650...950)

ridingen

ridingen

Werkstoff- Firmen Kalt
\Werkstoff-Nr. bezeichnung Werkstoffnorm
|EN AW-5754 |EN AW-Al Mg3 [DIN EN 573-3: 2003-10 |EJOT
|EN AW-6060 |EN AW-AI MgSi |[DIN EN 573-3 : 2003-10 |EJOT
EN AW-AI
EN AW-7075 |Zn5,5MgCu DIN EN 573-3 : 2003-10 EJOT
AISi1Mg
AISi1MgCu
AlMgSiCu
1.0214 QST 36-3/10C 10 |DIN 1654 / EN 10263-2 TEXTRON
1.0205 Rst 36-2 TEXTRON
1.0234 QSt38-3/C15C |DIN 1654 / EN 10263 TEXTRON
1.0303 QSt 32-3 TEXTRON
DIN EN 10250-2 (12/1999), Presta 20,100,200,250,300,350,400,450,500
1.0503 C45 DIN EN 10277-2 (10/1999) °C
Presta 20,100,200,250,300,350,400,450,500
1.0535 C55 DIN EN 10250-2 (12/1999) °C
1.1132 Cq 15 DIN 1654 / EN 10263 TEXTRON
1.1152 Cq 22 TEXTRON
1.1192 Cqg45 DIN EN 10263-4 (02/2002) Presta
1.1199 49MnVS 3
1.1213 Cf53 GKN, Daimler
1.1303 38MnSV6
38MnVS5
38MnSi6
1.1352 30MnVS6
1.1519 17CiNi6
1.4016 X 6 Cr17 TEXTRON
1.4301 X 5 CrNi 1810 TEXTRON
X 5 CrNi Cu 189 TEXTRON
1.4305 X8CrNiS 18-9
1.4541 X 6 CrNiTi 1810 TEXTRON
1.5213 27MnSV6
1.5508 22 B2/23 B2 DIN 1654 / EN 10263 [TEXTRON
1.5508 25 CrB2 TEXTRON
1.5508
(Sondergiite) |18 B3/23 B2 DIN 1654 / EN 10263 [TEXTRON
1.5511 35 B2 DIN 1654 / EN 10263 TEXTRON
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Werkstoffauswahl (Industriebefragung)

Werkstoff- Firmen Kalt
\Werkstoff-Nr. bezeichnung Werkstoffnorm
1.5535 23MnB4 DIN EN 10263-4 EJOT, Textron
1.6580 30CrNiMo8
1.6587 17CrNiMo6
1.7015 15Cr3 Daimler
1.7018 9 SMnPb28
1.7034 37 Cr4 TEXTRON
1.7076 32 CrB4 DIN 1654 / EN 10263-4 TEXTRON
1.7131 16 MnCr 5 TEXTRON, Daimler, Hirschvogel
1.7147 20MnCR5 DIN EN 10084 : 1998-06 IGKN, Hirschvogel
DIN EN 10263-3 (02/2002), Presta 20,100,200,250,300,350,400,450,500
1.7149 20MnCrS5 DIN EN 10277-4 (10/1999) °C
1.7168 20 MnCrB5 TEXTRON
1.7182 27MnCrB5 2
1.7220 34CrMo4 DIN EN 10263-4 EJOT, Textron, Daimler, Hirsc _hvogel
1.7225 42 CrMo 4 TEXTRON
42CrMoV4
1.7321 20MnCr4 Daimler
DIN EN 10084 (06/1998), Presta 20,100,200,250,300,350,400,450,500
1.7323 20MoCrS4 DIN EN 10263-3 (02/2002) °C
1.7325 25MoCr 4
Presta 20,100,200,250,300,350,400,450,500
1.7326 25MoCrS4 °C
1.7333 22CrMoS3 5
1.7335 15CrMo5
1.7709 21 CrMoV57 DIN 1654 / EN 10263 [TEXTRON
1.8519 31 CrMoV9
100Cr6
70MnVS4
C70S6
23MnCrMo5 Daimler
21NiCrMoS6 Hirschvogel
SAE1050
2.4668 Inco718
3.7164 Titan64 TiAIGV4
Ti6246
Ti6242
Tig34
Tig29
Tigll
Ti679
Aluminium2618 UNSA92618

10. October 2008

28 th SENAFOR

Firmen Halbwarm

© CPM Gesellschaft fur
Computeranwendung, Prozess-
und Materialtechnik mbH



Material:

Temperatures:

Strain rates

Material:

Temperatures:

Strain rates

16 MNnCrS 5
20°C, 100°C, 200°C
0,1/sec, 1,0/sec, 10,0/sec

38MnSiVS5
800°C, 950°C, 1100°C
0,1/sec, 1,0/sec, 10,0/sec
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Available results for the yield stress- strain curve (cold), phase 1

20°C 100°C 200°C
0.1 1 10 | 0.1] 1 10| 0.1 1 10

MPIE

|AM
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16MnCrS5, 20°C, 1.0/sec

FlieRspannung in MPa

16MnCrS5, 20°C, 0.1/sec
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16MnCrS5, 100°C, 1.0/sec

FlieRspannung in MPa

16MnCrS5, 100°C, 0.1/sec
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16MnCrS5, 200°C, 1.0/sec

FlieRspannung in MPa

16MnCrS5, 200°C, 0.1/sec
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16MnCrs5, 200°C, 10.0/sec
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16MnCrS5, 20°C, 0.1/sec
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=—kalt-3 20°C

—&—Kkalt-3 20°C
(korr.)

==kalt-3 100°C

—&—kalt-3 100°C
(korr.)

===kalt-3 200°C

—¢—Kkalt-3 200°C
(korr.)
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Available results for the yield stress- strain curve (cold), phase 2

20°C

100°C
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Points to be investigated about their influencéh@enmeasurements:

- specimen dimension / specimen quality
- specimen shape

- lubrication

- extended methods of data correction

—standard teawith same specimen geometry, same specimen dinmenarad
same lubrication

Specimen shape: Cylinder
Lubrication: Teflon
Parameter: Temperature: 20°C, Strain rate: 1.0/sec

=> Further investigationelated to specimen shape and correction methods
(performed by kalt-5)

© CPM Gesellschaft fur
10. October 2008 28 th SENAFOR Computeranwendung, Prozess-

und Materialtechnik mbH



28° SENAFOR - 12 International Forging Conference - Importance of yidd stress — strain curves...

Porto Alegre, RS, Brazil, 9.-10. October 2008

Available results for the reference test (cold)

Temperature 20°C

Strain rate h/s

MPIE

|AM

LFT

IMFT

IFUM
IFU
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16MnCrS5, Zylinderstauchprobe m. Teflonfolie, 20° C, 1.0/sec
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16MnCrS5, Zylinderstauchprobe m. Teflonfolie, 20° C, 1.0/sec

—tr=Lalt-5
(ohne Korrektur)
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16MnCrS5, Kegelstauchprobe, 20°C, 1,0/sec

——kalt-5
(ohne Korrektur)

e—kalt-5
(mit Reibwert-
korrektur)

e—alt-5
(mit Reibwert-
und Temperatur-
korrektur)

©
o
s
=
[=2}
c
>
c
[=4
©
o
2]
()
o
T

0,2 0,3 0,4 0,5 0,6 0,7 0,8
Umformgrad




28° SENAFOR — 12 International Forging Conference - Importance of yiéd stress — strain curves...

Porto Alegre, RS, Brazil, 9.-10. October 2008

Available results for the yield stress — strain cures (warm)

800°C

950°C

1100°C
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Points to be investigated about their influencéhl@enmeasurements:

- specimen dimensions

- specimen shape

- lubrication

- determination of the yield point
- heating procedure

—standard teawith same specimen geometry, same specimen dinmenarad
same lubrication

specimen form: cylinder
lubrication: Lubrodal BN
Parameter: temperature: 850°C, strain rate: 1.0/sec
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Results of the reference test (hot)

Temperature 850°C
Strain rate h/s
IAM
LFT
IMFT
IFUM
IEHK
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Result of the project
,Richtlinie zur FlieBkurvenaufnahme*
by CPM together with the participating institutson

The guideline formulates requirements like:

- form of specimen
- least number of specimens to be tested

- tooling

- lubrication

- setup of the testing machines
- measurement techniques

- data processing

- documentation




