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Abstract

The research of magnetostrictive materia in a laminated shell under therma vibration was
computed by using the generalized differentia quadrature (GDQ) method. In the thermoelastic
stress-strain equations that contain the terms linear temperature rise and the magnetostrictive
material with velocity feedback. The dynamic equilibrium differential equations with
displacements were normalized and discretized into the dynamic discretized equations by the
GDQ method. Two edges of laminated shell with clamped boundary conditions were considered.
The values of interlaminar thermal stresses and center displacement of shell with and without
velocity feedback were calculated, respectively. We find that with velocity feedback and with
suitable values of k. c(t) can reduce the amplitude of displacement and stresses to a smaller
value.
Keywor ds. magnetostrictive material, laminated shell, thermal vibration, generalized differentia
guadrature, GDQ, velocity feedback.
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3. ¥ % >z GDQ method

We used the GDQ method to approximate the derivatives of function [6]. The GDQ method
was presented by Shu and Richards in 1990 and can be restated that: the derivative of a smooth
function at a discrete point in a domain can be discretized by using an approximated weighting
linear sum of the function values at all the discrete points in the direction [10][11].

4. 3 % ¥ 334# Some numerical results and discussions
We used the following coordinate for the grid point in the GDQ computation.
x = 0.51— cos(l'\l;lln)] Li=12..N

We consider the total three-layer (0™/90°/0°) cross-ply laminated shell with the upper surface
magnetostrictive layer, the inner layer and outer layer of typical host materials. The superscript of
m denotes magnetostrictive material. Each layer has the same thickness. The materia properties
of the typical inner, outer of host material and magnetostrictive materia are listed in the

following Table 1. The magnetostrictive Terfenol-D coupling moduli is e, =e,, =E™d™ and

E™=265GPa, d™ =1.67x10°mA™.



Table 1 Properties of typical host and Terfenol-D

Properties Typical host Terfenol-D
Inner Outer

E1

— 25 40 1

EZ

G

= 0.5 0.6 13.25

E, 26.5

Vi, 0.15 0.27 0.0
p(Ib/in®) 0.087 0.283 0.334179

a,(1/°F) 6x10°  6.5x10° 12x10°°

a,(11°F) 6x10°  6.5x10° 12x10°°
We firstly to investigate the dynamic convergence of the frequency parameter f~ and center
displacement W(L/2) with R/h=500, L/R=10, circumferentiad wave number n=4,
T,=100°F, 0 =1 radian, time t=1 sec and k.c(t) =0 under clamped-clamped boundary

condition. Table 2 shows that f° and W(L/2) with respect to N for (0™/90 /0°)

laminated magnetostrictive shell. We find that the N = 73 grid point has the good convergence
results and can be used further in the GDQ computation of time responses for deflection and

stresswith suitable k.c(t) valuesto reduce the amplitude of displacement.

Table 2 Dynamic convergencefor (0™/90°/07),

by the GDQ method
N f W(L/2)
23 0.0128564 0.944165
41 0.0128571 0.913904
49 0.0128564 0.914536
73 0.0128564 0.915959

Fig. 1 shows that dominant norma displacement W aong X under AT:%TOX,

T,=100F , 6=1 radian, time t=1 sec, N = 73, for (0™/90°/0") laminated
magnetostrictive shell by using the GDQ method. The amplitude of displacement W is large
when without velocity feedback k_c(t) = 0. We find that with velocity feedback and with suitable

values k_c(t)= 10° can reduce the amplitude of displacement to a smaller value. Fig. 2 shows
that dominant therma stress ¢, =o0,/E, on Z=-1/6 adong X under AT = %Tox :

T,=100°F , 6=1 radian, time t=1 sec, N = 73, for (0™/90°/0") laminated
magnetostrictive shell by using the GDQ method. The amplitude of thermal stress &, is large
when without velocity feedback k_c(t) = 0. We find that with velocity feedback and with suitable
vaues k.c(t)= 10° can also reduce the amplitude of thermal stress &, to asmaller value. Fig.

3 shows that dominant normal displacement W along X under AT :%Tox, T, =100°F,

0 =1 radian, time t=1 sec, N =73, for (0™/0°/0") laminated magnetostrictive shell by
using the GDQ method. The amplitude of displacement W is large when without velocity
feedback k_c(t) = 0. We find that with velocity feedback and with suitable values k. c(t) = 10°
can reduce the amplitude of displacement to a smaller value. Fig. 4 shows that dominant

3



therma stress ¢,=o0,/E, on Z=-1/6 aong X under AT:%TOX, T,=100F, 6 =1

radian, time t=1 sec, N =73, for (0™/0 /0") laminated magnetostrictive shell by using
the GDQ method. We find that without velocity feedback and with suitable values k.c(t) = 10°
amost have the same amplitude of thermal stress &, attime t=1 sec.

Fig. 5 shows that dominant normal displacement W aong X under AT :%Tox, with

respect to T, =0"F, 250°F , 500°F , respectively, without velocity feedback k.c(t)=0, 6 =1
radian, time t=1 sec, N =73, for (0™/90°/0") laminated magnetostrictive shell by using
the GDQ method. The amplitude of displacement W is larger when T, =500°F . We find that
the higher values of temperature get the higher amplitude of displacement. Fig. 6 shows that

dominant thermal stress 6, on Z=-1/6 adong X under AT:ileox, with respect to
R

T,=0'F, 250°F , 500°F , respectively, without velocity feedback k.c(t)= 0, 8 =1 radian,
time t=1 sec, N = 73, for (0™/90°/0°) laminated magnetostrictive shell by using the
GDQ method. The amplitude of thermal stress &, islarger when T, =500°F . We find that the
higher values of temperature get the higher amplitude of thermal stress &,. Fig. 7 shows that

dominant normal displacement W along X under AT :%Tox, with respect to T, =0°F,

250°F , 500°F , respectively, without velocity feedback k.c(t)= 0, 6 =1 radian, time t=1
sec, N =73, for (0™/0°/0") laminated magnetostrictive shell by using the GDQ method.
The amplitude of displacement W islarger when T, =500°F . We find that the higher values of
temperature get the higher amplitude of displacement. Fig. 8 shows that dominant thermal stress

o, on Z=-1/6 adong X under AT:%TOX, with respect to T, =0°'F, 250°F , 500°F ,

respectively, without velocity feedback k.c(t)=0, 6 =1 radian, time t=1 sec, N = 73, for
(0™/0°/0°) laminated magnetostrictive shell by using the GDQ method. The amplitude of
thermal stress &, is larger when T, =500°F . We find that the higher values of temperature
get the higher amplitude of thermal stress &, .

Fig. 9 shows that the time response of dominant norma displacement W at
X =0.543578with respect to time t =1, 100, 200, 300, 400, and 500 sec, respectively, under

AT :%Tox, T,=100'F, 6 =1 radian, N = 73, without velocity feedback k.c(t)= 0 and

with suitable values k_c(t)= 10°, for (0™/90°/0") laminated magnetostrictive shell by using
the GDQ method. We find that with velocity feedback and with suitable values k_.c(t)= 10°

can reduce the amplitude of displacement to a smaller value. Fig. 10 shows that the time response
of dominant thermal stress 6, a X =0.543578, Z =-1/6 with respect to time t=1, 100,

200, 300, 400, and 500 sec, respectively, under AT :ileox, T,=100F, 6 =1 radian, N
R

= 73, without velocity feedback k.c(t) = O and with suitable values k.c(t) = 10°, for
(0'/90°/0°) laminated magnetostrictive shell by using the GDQ method. We find that with
velocity feedback and with suitable values k_c(t) = 10° can reduce the amplitude of thermal
stress o, to a smaller value. Fig. 11 shows that the time response of dominant normal

displacement W at X = 0.768650 with respect to time t =1, 100, 200, 300, 400, and 500 sec,
4



respectively, under AT:%TOX, T,=100'F , 6 =1 radian, N = 73, without velocity

feedback k.c(t) = O and with suitable values k.c(t) = 10°, for (0™/0°/Q0") laminated
magnetostrictive shell by using the GDQ method. We find that with velocity feedback and with
suitable values k.c(t)= 10° can reduce the amplitude of displacement to a smaller value. Fig.

12 shows that the time response of dominant thermal stress &, a X =0.768650, Z =-1/6
with respect to time t =1, 100, 200, 300, 400, and 500 sec, respectively, under AT = %Tox,
T,=100'F, 6 =1 radian, N = 73, without velocity feedback k.c(t)= 0 and with suitable
values k.c(t)= 10°, for (0™/0°/0") laminated magnetostrictive shell by using the GDQ

method. We find that with velocity feedback and with suitable values k.c(t) = 10° can reduce
the amplitude of thermal stress o, toasmaller value.
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5. Z&#% ¥k Conclusions

The GDQ method can be successfully applied to compute the time responses of
displacement and stresses in the laminated magnetostrictive shell subjected to thermal vibration.
We find that with velocity feedback and with suitable values of k_c(t) can reduce the amplitude
of displacement and stresses to a smaller value. The higher values of temperature get the higher
amplitude of displacement and stresses.
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