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A Study on the Determination of Material Property by Cylinder Compression Test
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Abstract

In the study, the flow stress of material and friction condition were determined by using the cylinder
compression test and numerical method. We proposed the flow stress equation including the initial yield
strength to predict it from the upper bound method. The upper bound technique uses the velocity field which
includes two unknowns to effectively express bulging. Also, inverse engineering technique uses the object
function to minimize area enclosed by load-stroke curve. The friction factor is determined from the radius of
curvature of the barrel by cylinder compression test. Flow stress and initial yield strength predicted from the
above techniques are verified through the finite element simulation.
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Table 1 Material property for simulation
CASE 1
Elastic modulus, E, (GPa) 717
Poisson ratio, v 0.33
Flow stress, o, (MPa) 103 + 299.79°%54%
Friction factor, m, 0.12
CASE 2
Elastic modulus, E, (GPa) 200
Poisson ratio, v 0.29
Flow stress, o, (MPa) 310+ 661.536"°"
Friction factor, m, 0.12
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Fig. 11 Load-Stroke curve of CASE 1
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Fig. 12 Load-Stroke curve of CASE 2
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Fig. 16 Friction factor of CASE 1 and 2

Table 2 Determined material properties

CASE 1
Stiffness Coefficient, K (MPa) 301.08
Work-Hardening Exponent, n 0.2555
Friction Factor, m, 0.12013
Yield strength, o, (MPa) 167.2
Object Function, E 2.21358¢*°
CASE 2
Stiffness Coefficient, K (MPa) 661.28
Work-Hardening Exponent, » 0.2322
Friction Factor, m, 0.1199
Yield strength, o, (MPa) 472.2
Object Function, £ 8.52677¢”
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Fig. 17 Before compression test

Fig. 18 After compression test

Fig. 20 After experiment
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1200 : Table 3 Material property by experiment
—o—Experiment : : 0]
= O- Initial Guess P07
.- -STEP 1 : 0 -~ Aluminum 7075-O0
900 L|—y— STEP 2 C e -
—<--STEP 3 _ o é ) Elastic modulus, E, (GPa) 71.7
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g : /o o0 NPT Poisson ratio, v 0.33
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g o 5° =G=0= Stiffness Coefficient, K (MPa) 176.87
AR A" Work-Hardening Exponent, n 0.1465
200k p 27
Friction Factor, m, 0.3413
; : ‘ : Yield strength, o, (MPa) 239.08
[+ 1 1 1 1
0 z 4 8 8 1 Object Function, E 3.34638¢™
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Fig. 21 Load-Stroke curve of Aluminum 7075-O
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Flow Stress, o,
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Table 4 Initial yield stress and strain

o )
CASE 1 167.2 0.00233
CASE 2 472.2 0.00236
Aluminum 7075-O 239.1 0.00333
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Fig. 24 Stress-strain curve of CASE 1
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