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Elastic constants are indispensable for mechanical design and stress analysis as material constants
that govern the deformation and natural frequency of materials. And they are closely related to
various physical properties and important physical properties. In addition to the development of
lightweight and high-strength materials non-ferrous metals with a hexagonal close-packed structure,
such as magnesium alloys and titanium, are attracting attention as the next generation of lightweight
materials, analysis of elastic anisotropy and high-accuracy measurement of materials have become
important issues. In this study, we established a precise measurement method of resonance frequency
under free vibration using a small test piece (Multi-Mode resonance method), and completed a
natural vibration analysis (Inverse analysis method) combining the finite element method and the
Rayleigh-Ritz method. The objective is to determine the elastic modulus matrix of a material with
high accuracy. The purpose of this study is to realize elastic anisotropy analysis of Magnesium
alloy, Titanium alloy and Pure Titanium alloy that are assumed to have elastic anisotropy by
plastic working. We discuss the results of calculating the elastic modulus matrix obtained by

RBAE

inverse analysis.
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Fig. 1 Resonant frequency measurement system
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Table 1 Sizes of cylindriacal test specimen

Diameter Height Density

Material
averia (mm) (mm) (g/cm?)
AZ31B 5.98 6.03 1.79
Ti 6A1-4V 5.99 6.01 4.36

Table 2 Sizes of rolled material test specimen

Material | 01 )| (am)| (aem)
AZ31B 10.00 10.00 1.99 1.76
Ti 6Al-4V 10.00 10.00 2.05 4.35
TP270C 10.00 10.00 1.99 4.50
TP340C 10.00 10.00 1.99 4.50
TP340H 7.00 7.00 4.05 4.48
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Fig. 2 Tension test specimen

3 Rayleigh-Ritz BRERMEHT
3.1 MAREFHER

ESEMEOEG, RBRA Z2MHERE 562 212k DR
FEIERES LD, D OMTEELNH ET AR HRH5.
MBI E UTER 2R, W 2L O MR Z AR
(CLAE) EIRELT, c11,012 cas BE R 5. fEHTIZITERE
#ik X Rayleigh-Ritz 5% W T, REREIBULFIRE NI
SABRK, HEARCVY Yy RVEIENX, BOMREICE
FREZLEZEHUCHET 2. BERIL Fig. 31287 &S
12, FREARO AN R S % & < FIREESR (r,0,2) 12, BR
FEAEA D ZHl G M % (u,v,w) et & Ul BAL u,v,w
ZRNITRT. w I FARIIKTH O, FWE f ok L



T, w=2rf TRIN5.

R, ()0, (0) P.(2)
Ry (r) 0 (0) Py (2) (1)
Ry (1) 0y (0) Py (2)

u
v
w

—~
—
—

w

Fig. 3 The clylinder model
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Fig. 4 The cuboid model
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Fig. 6 Resonance mode specified by 20-1
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Fig. 7 Resonance mode specified by 2E-1
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Table 3 Resonance frequencies of TP340C rolled

plate
No Calculation Mode Observation
(kHz) (kHz)
1 82.673 EEE-1 -
2 108.958 OOE-1 -
3 140.052 OOE-2 -
4 187.432 OEE-1 200.580
5 275.824 OEO-1 -
6 282.79 EEO-1 -
7 299.524 EOE-1 302.320
8 314.501 OOE-3 -
9 320.118 EEE-2 318.70

10 324.277 000-1 -

11 366.693 EEE-3 -

12 387.785 000-2 391.660

13 423.575 EOO-1 411.980

14 459.003 OEE-2 460.660

15 493.841 OOE-4 491.040

16 494.031 EEO-2 503.380

17 527.562 OOE-5 532.920

18 544.002 OEE-1 -

19 558.85 EEO-3 565.280

20 572.651 OEO-2 -

21 581.943 000-3 -

22 660.848 OEO-3 -

23 688.256 000-4 -

24 724.757 OEO-4 712.160

25 739.042 EEE-4 732.920

26 747.917 OEE-3 749.300

27 767.247 EEO-4 761.320

28 779.072 EOE-2 -

29 791.701 EEO-5 -

30 806.501 EEE-5 -
Table 4 Resonance frequencies of TP340H rolled
plate

No Calculation Mode Observation
(kHz) (kHz)
1 235.569 EEE-1 -
2 297.167 OOE-1 -
3 375.591 OOE-2 -
4 387.05 EOO-1 -
5 396.476 000-1 -
6 400.812 EEO-1 -
7 434.214 OEE-1 433.800
8 449.636 000-2 468.560
9 481.467 EEE-2 488.420

10 507.043 0O00-3 -

11 539.413 OEE-2 537.240

12 594.77 OEO-1 -

13 655.009 EOE-1 -

14 667.56 OOE-3 -

15 669.474 OOE-4 -

16 675.455 EEE-3 -

17 677.626 EEO-2 -

18 718.643 EEO-3 706.320

19 722.31 EOO-2 -

20 725.055 000-4 -

21 727.583 000-5 727.620

22 739.826 EOO-3 740.020

23 760.501 OOE-5 755.440

24 763.196 EEE-4 -

25 776.062 EOE-2 778.580

26 782.613 OEO-2 -

27 792.978 EEO-4 -

28 808.864 OOE-6 -

29 824.833 EEO-5 -

30 842.853 000-6 -

L OMBMETH B,

v
[
N

Il

S22 =

ZZTHWBEXEZ U TICRT

= cosf

sin 6

=sl* + (2512 + 544)l2m2 + s9om™

312(14 + m4) + (s11 + s22 — 344)l2m2

sim® 4 (2512 + s4a)>m” + s20l*

S4a = 2(2811 + 2820 — 4512 — 844)127712 + 844(l4 + m4)
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Fig. 12 Elastic constants of AZ31B
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Fig. 13 Elastic constants of Ti 6Al-4V

Table 5 Elastic stiffness of AZ31B cylinder spec-
imen (MV is Mean Value, SD is Std. Deviation)

C11 C12 Caq E
(GPa) | (GPa) | (GPa) | (GPa)
Mean Value (MV) 52.8 12.9 16.6 40.5

Std. Deviation (SD) 0.299 0.733 0.139 0.498
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Elastic constants of Pure titanium

Table 6 Elastic Constants of AZ31B rolled plate

S11 S12 S22 S44
MV 0.0227 -0.00668 0.0215 0.0657
SD 0.00164 0.000615 0.00106 0.00108

Table 7 FElastic stiffness of Ti 6Al-4V cylinder

specimen
C11 C12 Ca4 E
(GPa) | (GPa) | (GPa) | (GPa)
MV 171 96.4 43.9 118
SD 3.73 5.04 0.236 0.960

Table 8 Elastic Constants of Ti 6Al-4V rolled

plate
S11 S12 S22 S44
MV 0.00898 -0.00251 0.00842 0.0276
SD 0.000299 0.000193 0.000296 0.000128

Table 9 Elastic Constants of Pure titanium rolled

plate
S11 S12 S22 S44

MV | 0.00911 | -0.00410 0.0113 0.0218
TP270C

SD | 0.000280 | 0.000311 | 0.00103 0.00203

MV | 0.00996 | -0.00456 0.0115 0.0208
TP340C

SD | 0.000596 | 0.000375 | 0.000396 | 0.000274

MV | 0.00878 | -0.00407 0.0105 0.0213
TP340H

SD | 0.00200 | 0.000474 | 0.000249 | 0.00123
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