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In this study, the free vibration characteristics of a rectangular sandwich panel with an auxetic
honeycomb core mounted on the wall of a fluid-filled tank have been investigated. The sandwich panel
consists of two aluminum face sheets and an auxetic honeycomb core made of aluminum. For the
homogenization of the honeycomb core, in addition to the Gibson and Ashby model, one of the latest
models (the Turna-Ban model) has been also employed. Three types of analytical models have been
proposed for modeling the sandwich panel, and their advantages and disadvantages have been compared.
An equivalent single-layer analytical model has been used to model the sandwich panel under Navier
boundary conditions and in contact with fluid. The fluid has been considered ideal (incompressible,
inviscid, and irrotational).The proposed solution methods, the homogenization relations of the
honeycomb core, and the mathematical framework of the panel—fluid interaction have been validated
using results from previous studies as well as three-dimensional finite element analysis. Finally, the
effects of various parameters such as the tank-to-panel length ratio, fluid height from the bottom edge of
the panel, the position of the panel on the tank wall, and the honeycomb cell geometry on the wet natural
frequencies have been investigated.
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Fig. 1 Auxetic honeycomb sandwich plate with a coordinate system in
contact with fluid
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Fig. 2 Origin of the coordinate system located at the interface between
the plate and the fluid
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Fig. 3 Geometry-dependent auxetic honeycomb sandwich panel
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Fig. 4 Geometric properties of a commercial re-entrant honeycomb cell
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Table 1 Convergence of natural frequencies (Hz) for an auxetic
honeycomb sandwich plate in contact with fluid versus M and N (M_B
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Table 2 Convergence of natural frequencies (Hz) for an auxetic
honeycomb sandwich plate in contact with fluid versus M_B and N_B
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Table 3 Geometric properties of the auxetic honeycomb sandwich plate
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Table 4 Geometric specifications of the fluid domain
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Table 6 Comparison of the first five dimensionless natural frequencies

of a Levy-type isotropic square plate with a thickness-to-length ratio of
0.1
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Table 7 Natural frequencies (Hz) of a rectangular honeycomb sandwich
plate with Navier boundary conditions
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Fig. 6 Wet dimensionless fundamental frequency vs. tank-to-plate
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Fig. 10 Variations of the shear correction factor versus the ratio of
core thickness to plate thickness.
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Creep behaviour comparison in thermoset polymer matrix composites based on

single integral schapery and four parameter burgers models
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In this study two viscoelastic analytical models -the four-parameter Burgers model and the single-integral
Schapery model- were compared, analyzed, and evaluated for predicting the long-term creep behavior of
glass/vinylester composite laminates. The parameters of the Burgers viscoelastic model were characterized
using available experimental data. Since using the same set of characterized parameters from the creep
stage in the recovery stage resulted in significant discrepancies between experimental results and the
Burgers analytical model, the model parameters for the creep and recovery stages were characterized
separately. The results obtained from the Burgers model showed significantly better agreement with
experimental data for glass/ vinylester composite laminates, especially at high temperature and stress levels,
compared to the Schapery model. This agreement was observed clearly in both the creep and recovery
stages. Furthermore, the effects of temperature and stress on the variations of the Burgers model parameters
were investigated, revealing that these parameters change with varying temperature and stress levels.
Subsequently, the governing equations describing the variation of these parameters with respect to
temperature and stress were derived. Finally, the creep compliance, creep modulus, damage factor, and
creep strain rate were calculated at each stage. The results for glass/ vinylester composite laminates indicate
that with increasing temperature and stress levels, the creep compliance, damage factor, and creep strain
rate increase, while the creep modulus decreases.
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Fig. 2 Variations of the burgers model parameters E;, E,, 11,, 5 during the creep stage as a function of static stress at 75°F
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Table 1 Fitted Equations for the Burgers Model Parameters During the Creep Stage at 75°F

R? c b a Function Parameter
1 159.1 0.5221 -74.97 f(x) =aocy? + ¢ Eq
1 3655 0.9041 3157 f(x) = acy? + ¢ E,
1 1.62B+05 5.62E+05 9.7E+05 f(x) = aoy? + boy + ¢ 12
1 1.09E+07 2.043+07 1.52E+07 f(x) = agy? + bay + ¢ 13
|.2 T T T Ll 1 I [ ]

] -
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Fig. 3 Comparison between the creep response of schapery and bergers models and experimental tests performed at different stress levels and
temperature 75°F

T5F (sles yo cilidee (235 gslaw 1 00 plail (025 slogisail 5 S s rd slade (555 Gy e amlie 3 IS0

130 T T T T T T T T T T r . . r
3200 oo
ks = Ciirve filting ] 3200 = Curve fitting
- @ Result from experiment 3000 F © Result from experiment
120k T=75F " _ T=75 F
g ust E Z 2600F
s =]
o 10 J < 2400}
L g
2200
105F 1
2000
00 1
J 1800 F
05 " L L " L L L s L 1600 L L L L L
0.15 0.2 0.25 0.3 0.35 04 0.45 0.5 0.55 0.6 0.65 0.1 0.2 03 0.4 0.5 0.6 0.7
a9, ”ﬂ\ﬂ’il) 00 MPa)
, x10° L %10
g T T T T T T T T T 2 T T T T T T T T T
== Curve fitting ial: ==Curve fitting
® Result from experiment < @ Result from experiment
25F T=75°F 1 szl T=75°F
) 3
2 7 1af
= 2
& 2 -9
>3 2 12f
= &
L5 i
08F
J n n n 3 L L i 2 B 06 4 i n " i n L L n
015 02 025 03 035 04 045 05 055 06 065 015 02 025 03 035 04 045 05 055 06 065
7,/ (MPa) 9,9, (MPa)

0 " ult
Fig. 4 Variations of the burgers model parameters E;, E,,1,,713 during the recovery stage as a function of static stress at 75°F
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Table 2 Fitted equations for the burgers model parameters during the recovery stage at temperature 75°F

R? c b a Function Parameter
1 1515 0.5907 -70.98 F(x) = aoy? + ¢ E,
1 3412 1.788 -4019 f(x) =agy? + ¢ E,
1 1.63E+05 5.62E+05 -9.7E+05 f(x) = agy? + boy + ¢ 2
1 8.58E+06 -6.082 539.9 ) = aosy? + ¢ 3
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Fig. 5 Comparison between the recovery response of schapery and bergers models and experimental tests performed at different stress levels and

temperature 75°F
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Fig. 6 Creep compliance, creep modulus, and damage factor as a function of time under various stress levels at 75°F
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Table 3 Fitted equation for the variations of steady-state creep strain
rate at temperature 75°F

Function

fx

=acy® +boy+ ¢

R? c b a

1 -1.81E-06 2.34E-05 3.18E-05
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Fig. 7 Variation of creep strain rate as a function of static stress

changes at 75°F
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Table 4 Fitted equations for the burgers model parameters E4, E;,1,, 113 during the creep stage under static stress g = 0.20,,;

R? d c b a Function Parameter
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Table 5 Fitted equations for the burgers model parameters E4, E5,1,, 173 during the creep stage under static stress 69 = 0.40,;;

R? d c b a Function Parameter
1 168.2 -1.246 0.008663 -2.562E-05 f(x) =aT3 +bT?+cT +d E,
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5556 Jlade az o paizmen Bl YL T la)lisle 5 8o ;0 o 55
59 dglie 5l AT 05000 i Ol (G855 g0 WBL VL Aiged 1 35
2$SB g B (oo e SRl L 058 s od gedge 13512 IS0
Sialesl cod sladigal 13 (SB35 (5,5 55 e snelS laaise 0 w50
003 13 S8 )3 godse (nl 45 35dge 3bj 5 5 Lo mhaw 1L
odd dnalons (B33 ol Sloiil 0 (S 5 polie JSB cnl )3 09d 0
5 Led gy gl Sl 55 55,5 £ Sl oSl abes
Toko o oud plal (o lagse] @l 5l U (25 oley sl
Jsiz o (75 = 150°F) les 5 (0.2 — 0.60,,) i wakise

RGO PXW e.))si 7 e)Lc...i':

110 T T T T T T T T
105+ ==Curve fitting
- @ Result from experiment
100 F 5= 0. Sa'u” 4
~ 95F <
=
o
= 90F 1
Sogst 4
80 4
75k 1
70 L L L s 1 L N L
70 80 90 100 110 120 130 140 150
7(F)
%10
T T T T T T T T
12F ==Curve fitting T
© Result from experiment
ol 0,=0.60,, 1
)
g 8 1
2
<
(‘ - -
4k 4
L L L L L L ' L
70 80 90 100 110 120 130 140 150

7(F)

Tl )3 1) (el sladiged (L2355 Jode 5 (253 (003 12 JS5

a3 e lis (75 = 150°F) b 5 (0.2 — 0.607,;;) i calise
gl sloo 5 5 Jlasl s b 5 2o 25 4 Lo Jlos! gl a0
gl 4z 8 g 0980 Juler ()P (o0 WBL FVb (Su9nalS gl
Bgad G55 Jpde 35l 2t 35 a4 (anelS iges 4 Les Jlas!
Oles )L gled a2 50 izes b oo 2l i (hjeelS
95 P a8y 5l S o oS e osalie |, (535 e tals
e e ol 535 Jede Grals o 1) g5 aS il o bdiges (o ba LS Lo
5 (0.2 = 0.60y;) o5 iz polaw ;5 |, o35 Lesh 13 JSs
Jheel sl mhw az ,o gdly o aed e olas (75 — 150°F) leo
Wy e ail YL diged 10 oz ASb YL S0 5eelS diged 4y 0nls

1600 F o g
== Curve fitting
@ Result from experiment
1400 0,=0.60,, 4
F 1200F |
2
= 1000 ]
800 ..
600 ' L L L L L L s
70 80 90 100 110 120 130 140 150
7(F)
%10°
T T T T T T T
==Curve fitting
45 © Result from experiment
7= O.Gr,'u”
—~ 4r 4
()
2
#
& 35F 1
2
= Ll |
25F o
5 L L L L L L L L
70 80 90 100 110 120 130 140 150

7(F)

Fig. 11 Variations of the burgers model parameters E;, E,, 15,15 during the creep stage as a function of temperature under static stress g, = 0.60y,;;
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Table 6 Fitted equations for the burgers model parameters E4, E,1,, 173 during the creep stage under static stress o9 = 0. 60,

R? d c b a Function Parameter
1 204.1 -2.455 0.01847 -5.1188-05  f(x) =aT®+bT? +cT +d E,

1 3373 -44.46 0.3365 0001043 f(x) =aT®+bT?+cT +d E,

1 0.00403 8.446E+04 0.04482 -131.9 fx)=a-exp(b-T)+c-exp(d-T) 12

1 1.162E+07 -1.689E+05 1168 -2.987 f(x) =aT®+bT?+cT +d n3
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Table 7 Fitted equation on the creep strain rate at the end of the creep duration induced under various stress levels (0.2-0.66u;) and temperatures

(75-150°F)
R? d c b a Function Level stress
1 0.04953 6.461E-09 -0.0059 648806  f(x)=a-exp(b-T)+c-exp(d-T) 0.2 0,
1 -6.93E-05 2.287E-06 -2.108E-08 6.87E-11 f(x) =aT3+bT?+cT +d 0.40,;
1 -1.69E-05 9.1E-07 -6.451E-09 1.94E-11 f(x) =aT3+bT?+cT +d 0.6 0,
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Investigation of mechanical and metallurgical properties of Al6061/sic metal
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As Metal Matrix Composites (MMC) are increasingly used in advanced industries, various manufacturing
methods for parts made from these materials have attracted growing attention. One such method is the use
of high-power ultrasound during the casting process. This study investigates the effect of ultrasonic
vibrations during the casting of aluminum alloy 6061 (Al6061) and Al6061/SiC metal matrix composites.
Casting was performed in two modes (with and without ultrasonic vibrations) for both materials, and the
effect of ultrasonic time (1 and 2 minutes) on output parameters—including hardness, compressive strength,
grain size, and the size distribution of SiC reinforcing particles—was evaluated. Additionally, the
independent effects of the SiC reinforcement and ultrasonic vibrations were examined in separate tests.
Results show that for both Al6061 and Al6061/SiC composite, applying ultrasonic vibrations produced a
finer-grained structure in the casting, with grain-size reductions of up to 57.8%. Consequently, hardness
increased by up to 37.7% and compressive strength by up to 12.8%. Moreover, in the composites, ultrasonic
vibrations yielded a finer and more uniform distribution of SiC particles within the aluminum matrix. These
effects are attributed to cavitation and ultrasonic streaming in the metal melt.
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Fig. 1 a) Laboratory setup for vibratory and ultrasonic melt processing,
b) Industrial conceptual design of continuous ultrasonic casting, c¢) Effect
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Dendritic structure (without ultrasound) and spherical fine grain
structure (resulting from ultrasound processing)
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Fig. 2 a) Ultrasonic setup, power supply, casting mold and element,
melting furnace, mold temperature control panel, b) Molding Die, and c)
Ultrasonic system: transducer, booster, and horn.
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