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Dispersion Characteristics and Field Distributions
of Longitudinal Modes in Anisotropic Elastic
Rods of Square Cross Section

by Masanori KosHiBA and Michio Suzuki

In this paper, the finite element method is applied to the problem of longitudinal
wave propagation in various anisotropic elastic rods of square cross section. Dispersion
characteristics and field distributions of longitudinal modes are presented for square
rods of orthorhombic, tetragonal, hexagonal and cubic systems. It is confirmed by
computer analysis that owing to the symmetry with respect to the diagonals the
longitudinal mode in square rods of tetragonal, hexagonal and cubic systems separates
into a longitudinal mode and a first screw mode, and Nigro’s results for dispersion
characteristics of longitudinal modes in square rods of tetragonal and cubic systems

must be reinterpreted.
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Fig. 1. An elastic rod of square
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Fz—1 PpkER (X101 dyn/cm?)
Table 1. Stiffness constants

(X101 dyn/cm?2)
topaz | NiSOy4 | zinc copper H '
B\ | (EH) | (55| (25 ! ,
<a%?f~> (a‘%¥> (tﬁa¥> <sfaff~) f 8
e 2810 | 321 | 1430| 17.10 e or s RIS S Bl
cr2 12.60 2.31 170 | 12.20 '3>n?d\es 25""(‘;;’“
i 840 | 021| 330| 1220 0
22 34.90 3.21 | 14304 17.10
o5 8.80 0.21 330 | 1220 .
O 29.40 | 293| 500 17.10 I I
c 10.80 1.16 4.00 6.91 | |
o5 1320 | 116| 400| 691 | |
co | 13.10 1.78 6.30 6.91 | |
] | |
(0, DT EBERE ERTO I LT
A 2 oD & %‘ . @—2 (a)’v(d) 1z }O‘H‘ A g 4.elements 18-elements
13-nodes 47 -nodes
FR X ThLth 16, 32, 4, 18, HiS$ux (©) &)
FTh¥h13, 25 13, 47 Th 5, B—2 IETHM o EHH S o
2.2 HFERORSH Fig. 2. Element divisions for a square rod.
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us(z,y) = —uy(y, ) \
I (2)

uz(J% y) = _'uz(y;aﬂ
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Fig. 3. Relative field distributions of particle displacements in the
first quadrant of the cross section (fa=1.0).

£2 VHABAREHHMEBEEKC ST 5 L £~ ¥ 0 5HHEH (copper)
Table 2. Dispersion characteristics of longitudinal modes in a square
rod of cubic system (copper).

X-2 (a) X-2 (b) -2 (c) X-2(d) X #k 13)

5 Lo L, Lo L, Lo L, Ly L, branch 1 | branch 2
0.1 1.002 1.002 1.002 1.001 1.001

05 | 0988 | 2693 | 0988 2673 | 0987 | 2651 | 0.987 0.987 2.64
10 | 0943 | 1.345| 0941 | 1319 | 0939 | 1.309 | 0939 | 1.304 0.939 1.30
20 | 079 | 0774| 0779 | 0733 | 0769 | 0716 | 0767 | 0.712 0.711 0.77
30 | 0739 | 0720| 0713 | 0679 | 0699 | 0663 0695 0654 0653 0.70
40 | 0759 | 0752 0734 0715| 0721 | 0703 | 0715 | 0.685 0.68 0.71
50 | 0795 | 0792| 0771 | 0758 | 0760 | 0.750 | 0.744 | 0.713 0.71 0.74
6.0 | 0741 | 0.714 0.71 0.74
7.0 f 0730 | 0709 | 071 0.72
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Fig. 4. Dispersion curves of Ly modes in
square rods.
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