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FEi = Test Facilities for Different Strain Rates
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Special Devices,
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Split-Hopkinson-Bar —
Inhomogeneous Deformation
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Tube Drawbacks:
. 1 » Stress and strain waves in specimen
Strain rate ¥ in s° = Non constant yield stress level
4,700 = Non constant strain rate during process
= Level of strain and strain rate is coupled
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Principle
Pneumatic vs. electromagnetic acceleration

Pneumatic

- hammer velocity
up to 15 m/s

- specim. strain rate:
up to 1500 s-1
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Electromagnetic

- hammer velocity:
up to 70 m/s

- specim. strain rate:
up to 105s-1
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e Electromagnetic Accelerated Tool System
Ff:‘ri Z Fraunhofﬁlﬂ Principle
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e Electromagnetic Accelerated Tool System
Fﬁ Z Fraunhoflcvavﬂ Principle
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e Electromagnetic Accelerated Tool System
Fﬁ Z Fraunhoflcvavﬂ Principle
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e Electromagnetic Accelerated Tool System
Fﬁ Z Fraunhofﬁlﬂ Principle

Impulse current
generator
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Electromagnetic
accelerated
tool

Crack initiation

Shear specimen

Max. strain rate =~ 10,000 s’
Max. tool velocity =~ 70 M/
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e Pneumatic Accelerated Tool System
Fﬁ Z Fraunhofsvﬂ Principle

Piston
Lifting rod
Hammer chamber

Hammer

Cylinder

Base plate

Shear specimen

Max. strain rate =~ 1,500 s!
Max. tool velocity =~ 15 M/
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Acceleration Shadowing principle
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Acceleration a in m/s?
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Measurement Principle — Displacement
Accelerometer
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= Measurement Principle — Displacement
Z Fraunhofer Shadowing principle
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Electromagnetic
accelerated flyer

Fiber clamping

Optical fiber
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Lensé section
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Photodiode

Specimen
(e.g. shear)
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= Measurement Principle — Displacement
# Fraunhofer Shadowing principle

\
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AU~d

Specimen
(e.g. shear)

} Advantage: high sampling rate > 1MHz
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= Measurement Principle — Displacement
Fﬁ # Fraunhofer Accelerometer vs. shadowing principle
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e Measurement Principle —
Fﬁ # Fraunhofer Force / Strain
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Fﬁ  Fraunhofer Impact and Acceleration

2 Modes

Mode 1: Ad>0

Mode 2: Ad=0
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2 Modes
FEi 7 Fraunhofer Impact and Acceleration

Mode 1: Ad>0 Mode 2: Ad =0

P P

< 1,600 [N AU E— S i = 1,600

() ()

2 === /" 2

< 1,200 . | < 1,200

= = - c

S Pavg = 1,475577 | S

» 800 < 800

Z =

3 400 > 400

o ()

o 0 o 0

> >

< 0 0.1 0.2 0.3 0.4 05 | < 0 0.1 0.2 0.3 0.4 0.5
Equiv. strain in - Equiv. strain in -

2Md Sino-German Workshop| Characterization of velocity dependent flow-curves and yield-surfaces - 18 -



\

FF# 7 Fraunhofer Strain Rate in Shear Specimen

Iwu

Mode 1: Ad>0 Mode 2: Ad=0

= | ower strain rates
= Evolving amplitude
= Reduced oscillation

= Higher strain rates
= Nearly constant amplitude
= QOscillation by stress waves

Equiv. strain rate in s
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Material Parameter ldentification —
Inverse Procedure

c=(A+B-e")(1+C-lIn é/g.o)(i —Tm)

Experimental data

= Displacement vs. time
= Strain vs. time

» Time at material failure

Input data

= Coll current vs. time (EMF machine)
= Material Law (Johnson Cook)

= Material Parameter

» Effective Damage Evolution Law

= Damage parameter

FE-Simulation
(MSC.Marc & LS-Dyna)

Comparison

|dentified parameter
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FEi Z Fraunhofer Experimental and Numerical Results
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= Two experimental setups for high strain rate testing procedure
= Choice between acceleration and impact mode possible
=  Adjustment of strain rate evolution during test
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