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Enhancement of Process Limits > Combination of Quasistatic & High Speed Forming

Prosesses
Deep Drawing Process
Electromagnetic Pulse Forming

Characterisation
Forming Limit Diagram (FLD)

Nakajima Test major strain

combined

\_/ high dynamic

quaisstatic

- Development of a High
Speed Nakajima Testing
Device

minor strain
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Testing Device
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Characteristcs
Pneumatic testing device
Working pressure up to 300 bar
Punch velocity max. 30 m/s
Nakajima test according to DIN EN 12004

L . zylinder

piston

punch
blank holder

blank

drawingring

110

Testing Device, diagramm

Nakajima test

Tool of 50 mm diameter
Blanks of 100 mm diameter
6 diffrent Geometries
Lubication: oil + teflon foil
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Specimens
according to DIN EN 12004
EN AW 5083
7,5 mm; 10mm; 15 mm; 35 mm and 55 mm width
or full diameter

Thickness 1 mm

Evaluation
GOM/ Argus- system
Specimens used for the 35 +0,20*
Nakajima Test - ‘
Walzrichtung | &2 % 3
N ol 2
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Optical sensors
Typ mircoepsilon optoCONTROLL 1200
20 x 3 mm
Resolution: 10 mm bzw. 100 kHz

Evaluation
Impact velocity
Springback velocity
Impact energy
Springback energy
—> energy absorption of the blank

Sensor-position

Voltage [V]

S

=
T

Sensor-position, diagramm

Time [s]
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Videos of a Nakajima Text

Experimental parameters

Specimen width

= 7,5,10 and 15 mm
Air Pressure

= 100bar

Punch speed = 21 m/s




Institut fiir Werkstoffkunde

S e pe Ci m e n S afte r fra Ctu re Prof. Dr.-Ing. habil. Dr.-Ing. E.h. Dr. h.c. Fr.-W. Bach

Fracture position
Width > 35 mm
Fracture in the center of the specimens
Width < 35 mm
Excentric fracture
2. fracture occurs
Full diameter
High number of not fractures specimens

EN AW 5083, 100 bar air pressure, 21 m/s punch speed
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Punch speed
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Speed and air pressure

Linear correlation of speed and pressure

17 m/s ... 25 m/s

Springback depends on specimen

geometrie
punch speed
30
25 /M
— & 6//4//0
£ 15
>
10
5 ¢ V[m/s] —Linear(V[m/s]) -
0 T T T T T 1
0 50 100 150 200 250 300
p [bar]

displacement [mm]

20

18+

16

14+

12+

10F

[N ] E=N 7] [e]
T T T T

region |

region Il
region Il|

region IV

regionV

1 1
52 5.4 56

time [s]

1! 1
58 B 6.2
x 104

© Leibniz Universitit Hannover, IW

Seite 12



Leibniz
Universitat
Hannover

Institut fiir Werkstoffkunde

F ra Ctu re C h ara Cte rl Stl CcS Prof. Dr.-Ing. habil. Dr.-Ing. Eh. Dr. he. Fr-W. Bach

Fracture Surface

+  Ductile fracture

‘ - No clear influence of speed/ strain
rate

- Deformation due to surface contact

- o e, ¢ Pty ) » -
WD = 14mm Hochsp. = 20, Leibniz Uni Hannover WD = 13mm Hochsp. = 20.00 kV Vergr. Leibniz Uni Hannover
Ubersicht x 100 SE 04.ti s SE1 ] Institut f, Werkstoffkunde. Ubersicht x 400 SE 05.1if Signal A= SE1 Institut f. Werkstoffkunde.

tr”

i -
" . g & < v o W
WD’ = 11mm Hochsp.=20.00 kV Vergr.= 100X  100pum Leibniz Uni Hannover WD = 11mm Hochsp. = 20, = 400X 20pm Leibniz Uni Hannover
—

Ubersicht x 400 SE A=SE1 ] Institut f, Werkstoffkunde.

Ubersicht x 100 SE 03.tif Signal A= SE1 Institut f, Werkstoffkunde.

QS, 0,001 m/s, 35 mm width, EN AW 6082
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0,4
’ 10-2 g1
Punch speeds: 1 mm/s and 10 m/s QS, 10%s
Approximate strain rates: 102 s and 102 s c ~~o % _LoeemTTT
= ~ -
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Strain rate change results in s Ss--
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deformability - - 69 - - - -
0,2 -0,1 0,0 0,1 0,2 0,3 0,4
minor strain
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Forming limit curves
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Punch speed: 21 m/s at 100 bar
Approximate strain rates: 102 s

Strain maxima near 2. fracture

10.1.100.arqus llog] 10.1.100.argus llog]
Visualization | Hauptformanderung 0417 Visualization ] Nebenformanderung 0.0431
Stage from to | 0->1 Stage from to | 0->1
0.0000
0.350
-0.0750
0.300
0.250 -0.1500
0.200
-0.2250
0.150
-0.3000
0.100
v
0.050 -0.3750
L 0.000
-0.031 -0.4696
major strain, width = 10 mm minor strain, width = 10 mm
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Punch speed: 21 m/s at 100 bar
Approximate strain rates: 102 s
Strain maxima near 2. fracture

flog] flog]
0.431 0.0613
0.400 0.0400
0350 0.0000
0.300
-0.0400
0.250
-0.0800
0.200 I
i -0.1200
0.150
-0.1600
0.100
-0.2000
¥ 0.05
35.1.100.argus 0.000 51000 ara0s -0.2400
. Visualization | Hauptformanderung Visualization [ Nebenforménderung
Stage from 1o | 0->1 -0.041 Stage from to | 0->1 -0.2759
major strain, width = 35 mm minor strain, width = 35 mm
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Forming limit curves
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Punch speed: 21 m/s at 100 bar
Approximate strain rates: 102 s

Strain maxima near 2. fracture

major strain, width = 35 mm
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A pneumatic high speed nakajima testing device was developed and tested

Maximum punch speeds of 25 m/s are possible at 240 bar

Change in strain rate results in

Drop of forming limit curve

Shift to lower right side
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