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Abstract

This study presents a comprehensive analysis of the vibration behavior of a rhombic tapered plate exposed to a two-
dimensional temperature distribution. The plate’s thickness is modeled with a bilinear variation, while material non-
homogeneity is introduced through an exponential variation of density along the x-direction. Employing the Rayleigh-
Ritz method, the governing differential equation is formulated using classical plate theory and solved to obtain the
natural frequencies corresponding to the first two modes of vibration. A detailed parametric study is conducted by
varying key structural and thermal parameters, including the non-homogeneity index, thermal gradient, aspect ratio, and
taper constant. The analysis is carried out for two distinct boundary conditions: fully clamped (C-C-C-C) and fully simply
supported (SS-SS-SS-SS). However, the present analysis is limited to linear viscoelastic behavior, small deflection
assumptions, and idealized boundary conditions. The results, presented in tabular form, highlight the significant
influence of both thermal and geometric factors on the vibrational response of the structure. The study offers valuable
insights into the influence of the thermal gradient and structural parameters on the vibration behavior of plate
structures.

Categories: Structural Engineering
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Introduction

The dynamic analysis of plate-type structures has become an important topic of research because such structural
elements are extensively used in aircraft panels, ship structures, bridges, mechanical devices, and thermal engineering
components. In practical applications, these structures often operate under non-uniform temperature environments, due
to which the elastic properties and stiffness of the material undergo significant changes. Moreover, the presence of
variable thickness, material non-homogeneity, and skew geometry considerably alters the vibrational response of the
structure. Among various geometrical configurations, rhombic plates possess special importance owing to their
structural efficiency and suitability in complex engineering designs. The frequency of such plates under different
conditions needs thorough investigation to ensure their effectiveness and safety.

Chakraverty [1] provided a detailed study about the vibrational behavior of two-dimensional plates. Chakraverty and
Pradhan [2] carried out a dynamic analysis of functionally graded rectangular plates under various boundary conditions.
Gorman [3] figured out the complete and accurate solution for the free vibrations of rhombic plates. Leissa et al. [4]
analyzed the free vibration of rectangular plates with non-uniform elastic edge constraints using exact solutions and the
Ritz method, presenting numerical results for rotational restraints with parabolic variation.
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Azam et al. [5] investigated rhombic plates with a central crack using Finite Element Method, showing that the natural
frequency decreases with increasing crack length and skew angle, with minimal reduction at low crack ratios. The impact
of thermal conditions on the vibrations of a linearly tapered parallelogram plate [5] and bi-linearly tapered parallelogram
plate [6] was investigated. Ansari et al. [7] analyzed functionally graded material rhombic plates and showed that the
frequency decreases with increasing volume fraction index and cutout size, increases with skew angle, and is largely
unaffected by additional mass. Free vibrations of a simply supported plate with stress singularities at two obtuse corners
are reported [8]. Kaur et al. [9] discussed the vibration of tapered triangular plates with different boundary conditions.
Khanna and Kaur [10] examined the vibration of a rectangular plate with parabolic thickness variation and a bi-
directional temperature distribution. The impact of one-dimensional thermal effect with variable thickness on the
vibration of a square plate is illustrated [11].

Khanna et al. [12] examined the effect of non-homogeneity on the vibration of a clamped square plate. The initial two
frequency modes of a visco-elastic square plate are obtained under thermal influence [13]. Leissa [14] provided valuable
data on the vibration of plates of various shapes with different boundary conditions in the form of a monograph. Li [15]
worked on vibrations of a rectangular plate with general elastic boundary supports. Malhotra et al. [16] studied the effect
of fiber alignment on the natural frequencies of thin, rhombic orthotropic plates. Singha et al. [17] applied a shear
deformable finite element to analyze the vibration properties of thermally stressed laminated composite skew plates. A
differential quadrature approach was used to perform numerical analysis on the free vibration of rhombic plates with
unrestricted edges [18].

A considerable amount of research has been carried out on the vibration analysis of plate structures under different
geometrical, thermal, and material conditions. Several researchers have investigated the effect of tapering, thermal
loading, skew geometry, and material non-homogeneity individually or in limited combinations. However, very limited
attention has been devoted to the vibration behavior of non-homogeneous bilinearly tapered rhombic plates subjected
simultaneously to a two-dimensional thermal distribution and varying thermal gradients. The combined influence of
tapering parameters, skew geometry, thermal effects, and material non-homogeneity on the vibration characteristics of
rhombic plates has not been discussed comprehensively in the existing literature. Therefore, the present study attempts
to fill this research gap by developing a unified analytical model for such complex structural configurations. Frequencies
for the first two modes of vibration at various values of structural parameters are calculated for two boundary conditions,
i.e., C-C-C-C and SS-SS-SS-SS. After analyzing the impact of thermal gradient and other structural parameters on vibration
modes and frequencies, the study seeks to provide valuable insights for the design and optimization of such plates to
control unwanted vibrations.

Materials And Methods

Geometry of the plate

In the present study, a non-homogeneous tapered thin rhombic plate is considered with two boundary conditions i.e.
fully clamped and fully simply supported. Figure 7 represents the discussed tapered rhombic plate OABC with sides
"a" and skew angle "8" in Cartesian co-ordinates X and Y. A skew coordinate system (x,y) is introduced along the edges of
the rhombus to simplify the mathematical foundation.
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FIGURE 1: Bilinear tapered rhombic plate with sides "a" and skew angle "0"

Frequency equation

The Rayleigh-Ritz method used to derive the frequency equation relies on the principle of energy conservation, ensuring
that the maximum strain energy (V) must be equal to the maximum kinetic energy (T). Therefore, it is necessary for the
problem under consideration [10]:

S(V-T)=0 (1)
where V and T are defined as follows [11]:
where
1 2 a a 2
T=—pw hMW<dXdY (2)
2 0o Jo
and
V= % / / D; [Wix + Wiy + 20WxxWyy + 2(1 — v)Wiy|dX dY (3)
0o Jo

Here, D_1 is the flexural rigidity of the rhombic plate as [12]:

Eh?

12(1 — v2) 4)

D, =
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In order to make calculations simple and fast, the coordinates X and Y are converted into skew coordinates x and y as
follows [1]:

X =z +ysind,
Y = ycos¥, (5)
dX =dz, dY =cosfdy

Substitute equation (5) in equation (2) and equation (6) one gets:

T, = %pw2/0 /0 (cos O)hW? dz: dy (6)

1

a a
1= 20?0 /0 /0 [D1(Wm.)2 — 4sin § W, W,y + 2(sin’ 0 + v cos? O) W, W,

(M
+2(1 + sin® 0 — v cos? ) (Way)? — 4s5in§ Wy W,y + (Ww)2] dz dy

Model assumptions

Temperature Variation in the Plate

Since a majority of machines or mechanical systems operate in conditions with significant temperature fluctuations, it is
necessary to analyze the impact of temperature on the vibrational characteristics of the structure. In the present study,
the authors assumed a bilinear thermal variation as [1]:

=n(1-2) ()

The variation in the modulus of elasticity with temperature for the majority of engineering materials can be described [6]:
E= Eo(l - ’)/7')

Here, E_0 is the Young's modulus at a reference temperature t_0 and y signifies slope of the variation of E with t. After
replacing value of Tin E it transforms into:

p=n(1-a(i-2) (- 2) ®

where a=yt1_0 (0 < a < 1) is thermal gradient.
Thickness Variation

As plates with variable thicknesses are widely used in mechanical structures and designs, it is essential to assess the
impact of non-uniform thickness variations on the vibration of the structure or design. Hence, the authors studied a bi-
linear variation in thickness as follows [6]:

h=hy (1+ﬂ1%) (1+ﬂ2%) (9)

where B_1 and 3_2 are the taper constants and h_0 is the thickness of the plate at x=y=0.
Non-Homogeneity in the Plate’s Material

Presence of non-homogeneity directly affects the material density of the plate. In this work, the density variation in the x-
direction is assumed to be exponential as [1]:

o)z

p = poe o (10)

where, p_0 is density at x=0 and a_1 is non-homogeneity constant.

How to cite this article:
Kaur N, Jain S, Khanna A (June 30, 2026) On Frequencies of Non-Uniform Rhombic Plate to Mitigate Unwanted Vibration.
Cureus J Eng 3 : es44388-026-00142-2. DOI https://doi.org/10.7759/s44388-026-00142-2 Page 4 of 14


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

On Frequencies of Non-Uniform Rhombic Plate to Mitigate Unwanted Vibration

After using equations (8), and (9) in equation (4), one gets:

p~ Bll-a=3) (11—2(%1)31152()1 +6:2)'(1+52)° a

Boundary Condition

In this paper, two distinct boundary conditions i.e. fully clamped boundary (C-C-C-C) and fully simply supported
boundary (SS-55-SS-SS) are discussed as follows:

For a fully clamped rhombic plate, the boundary conditions are shown as [7]:

W=0, W,=0 at z=0&z=a
W=0, Wy,=0 at y=0&y=a (12)

A set of algebraic and partial differential equations for the simply supported boundary condition is presented as [7]:
W=0,M,=0 atz=0&z=aq, W=0, My=0 aty=0&y=a (13)

To satisfy the above two boundary conditions and to ensure continuity and differentiability over the domain, the
associated deflection function is taken as to satisfy the above two boundary conditions, the associated deflection

function is taken as [1]:
W =R"[A; + AsR], m=1,2 (14)

where

and A_1 and A_2 are arbitrary constants. Such polynomial-based admissible functions are commonly used due to their
computational efficiency and convergence properties. Here m = 1 for simply supported boundary and m = 2 for fully
clamped boundary.

Solution of frequency equation

To simplify and standardize the problem, non-dimensionalization is applied as:
z Y
p=— n== (15)

Substitute equation (15) in equations (6) and (7), one obtains

1 1
= %h"p °w2a2/ / (1 + B1p)(1 4 Bam)e® ¥ W? cos O dp dn (16)
0 0
and
v Eqh} / (1-a(l —p)@ =)+ Bip)*(1 + Ban)®
2= 24a2(1 — v2) cos3 6

x[W2, — 4500 W Wiy, + W2 + 2(1+ sin? 0 — v cos® 6) W, Wi,
+2(1 + vcos® 6) W2, — 4sin0W,mW<,,,7] dp dn (17)

On using equation (16) and equation (17) in equation (1), we obtain:
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§ (Vs — AT3) =0 (18)
where
1 p1
T3 = / / 1+ po)(1+ ﬁzn)e“1¢W2 cosfdgpdn
0o Jo
and
(NP =l -9)1—n)(1+ B19)*(1 + Ban)®
Vs = 3
o Jo cos3 6
[(W¢¢)2 — 4sin O WyWyy, + 2(1 + sin® 6 — v cos® )Wy, W,y
+2(1 + v cos® 8) (Wy)? — 4sin 6 W, W, + (W,m)2] dodn
Also

2 _ 12pow?at(1 — v?)

A
Eoh?

is frequency parameter.

Equation (18) involves two unspecified constants i.e. A_T and A_2 that arise from the substitution of W(x, y). These
constants need to be determined as follows:

0 2
—\Ts) = 1 =1.2 1
dA; (V3 A 3) 0, ¢ ) (19)
On simplifying equation (19) one results,
B Ay + By Az =0, 1=1,2 (20)

To obtain a non-trivial solution, the determinant of the coefficient matrix in equation (20) must be zero. Therefore,
authors obtain:

‘311 By,

=0 21
By1 B (21)

On solving, equation (21) represents the quadratic equation in A2} out of which two values of lambda (A\_1 & A_2) can
be obtained. These two values will represent first and second mode of frequency simultaneously.
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Results And Discussion
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B_1=B_2=0.0
A1 A2
19248 | 49.96
190.07 | 4934
187.68 | 4872
18531 | 48.11
187.81 | 4874
18546 | 48.13
183.13 | 4753
18082  46.93
183.03 | 4748
18074 | 46.89
17847 4631
17621 | 4573
17811 | 4620
17589 | 45.62
17368 | 45.05
17148 | 4449
17306 | 44.87
17090 | 4431
16875 | 4376
166.62 | 4321

B_1=PB_2=0.2

Al A2

23410 | 60.80
23113 60.04
22817 | 59.28
22525 | 5853
22918 | 59.52
22627 | 5878
22338 | 5804
22051 | 57.30
22415 | 5822
22130 | 57.49
21848 | 56.76
21567 | 56.05
21901 | 56.88
21622 | 56.17
21346 | 5546
21072 | 54.76
21374 | 5551
21102 5481
20833 | 54.12
20565 | 5344

B_1=p_2=0.4

Al A2

28207 | 7335
27843 | 7242
27483 | 7150
27125 | 70.59
27684 | 71.99
27327 | 71.08
269.73 | 70.18
26623 | 69.29
27151 | 7061
26801 | 69.72
26454 | 68.83
26110 | 67.96
26608 | 69.19
26265 | 6832
25925 | 67.45
25588 | 66.59
260.53 | 67.74
25717 | 66.89
25384 | 66.04
250.54 | 65.20

TABLE 1: Frequency vs structural parameters for C-C-C-C at 6 = 30°

B_1=P_2=0.6

Al A2

33637 | 87.57
33198 | 8646
32764 | 8535
32333 | 84.26
33078 | 86.11
32647 | 85.02
32219 | 83.93
31796  82.86
32511 | 8462
32087 | 83.55
31666 | 8248
31250 | 8143
31933 | 83.10
31516 | 82.05
311.03 | 81.00
30694 | 79.97
31344 | 8154
30936 | 80.51
30530 | 79.48
30128 | 7847

B_1=p_2=0.8
Al A2
397.0 103.44
39172 102.12
386.59 | 100.81
38145 | 99.51
391.01 | 101.86
38586 | 100.56
380.75 | 99.27
375.7 97.99
38493 | 100.24
37986 | 98.96
37483 | 97.69
369.85 | 96.44
37876 | 98.59
37377 | 97.33
36882 | 96.08
363.92 | 94.85
37248 | 96.89
367.57 | 9566
36271 | 9443
35789 | 93.22
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B_1=B_2=0.0
A1 A2
29830 | 7838
29457 | 77.41
29086 = 7644
287.19 | 7548
29117 | 7649
287.53 | 7554
28391 | 7459
28033 | 73.66
28386 | 74.54
28031  73.62
27679 | 72.70
27329 | 71.79
27636 | 72.55
27290 | 71.64
26947  70.75
26607 | 69.86
26865 | 70.50
26529  69.62
26196  68.75
25865 | 67.89

B_1=PB_2=0.2

Al A2

362.57 | 9537
35796 94.17
35338 | 92.98
34885 | 91.81
35497 | 93.38
35046 | 92.21
34598 | 91.04
34154 | 89.89
34721 | 9134
34279 | 90.20
33842 | 89.06
33407 | 87.94
33927 | 89.26
33496 | 88.14
33068 = 87.03
32644 | 8593
33114 | 87.13
32693 | 86.03
32276 | 84.95
31862 | 83.88

B_1=p_2=0.4

Al A2

43619 | 11496
43057 | 11351
42500 | 11207
41947 | 110.64
42805 | 11285
42253 | 11142
417.06 | 110.01
41164 10861
41975 | 11069
41434 | 10928
40898 | 107.90
40366 | 106.53
41129 | 108.48
40599 | 107.10
40073 | 10574
39552 | 104.40
40265 | 10621
39746 | 104.87
39231 | 103.54
38721 | 102.22

TABLE 2: Frequency vs structural parameters for C-C-C-C at 6 = 45°

B_1=P_2=0.6

Al A2

51918 | 137.13
51241 | 13539
50570 | 133.66
49905 | 131.95
51042 | 13485
503.76 | 133.14
49717 | 13144
49063 | 12976
501.51 | 132.53
49497 | 130.84
48849 | 129.17
48206 = 12752
49244 | 130.15
48602  128.49
47965 | 12685
47334 12523
48320 | 127.71
47690  126.08
47065 = 12448
46446  122.89

B_1=p_2=0.8
Al A2
61153  161.84
60348 | 159.77
59551 | 157.72
58760 | 155.7
602.08 | 159.36
59416 | 157.32
58630 | 155.31
57852 | 15331
59249 | 156.83
58468 | 154.82
57695 | 152.84
569.29 | 150.88
58273 | 15424
57506 | 152.27
56745 | 150.32
559.92 | 14839
57282 | 151.59
56528 | 149.65
557.80 | 147.73
55039 | 145.84
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TABLE 3: Frequency vs structural parameters for SS-SS-SS-SS at 6 = 30°

B_1=B_2=0.0
A1 A2
190.02 | 29.14
187.64 | 2877
18527 | 2841
18292 | 28.06
185.12 | 2832
18279  27.97
18049 | 27.62
17820 | 2727
180.08 | 2748
17782 | 2713
17557 | 2679
17334 | 2646
17489 | 2661
17270 2628
17052 | 2595
16835  25.62
16955 | 2571
16742 | 2539
16531 | 25.07
16321 | 2475

B_1=PB_2=0.2

Al A2

23234 | 3565
22936 3520
22640 | 3475
22346 | 3431
22765 | 3484
22473 | 3440
22183 | 3396
21895 | 33.53
22287 | 3401
22002 | 33.58
21718 33.15
21436 3273
21799 | 33.16
21519 | 32.74
21242 3232
209.66  31.91
21299 | 32.29
21026  31.88
207.55 | 3147
20485 | 31.07

B_1=p_2=0.4

Al A2

28333 | 43.51
27963 | 42.95
27595 | 4240
27231 | 4186
278.8 4268
27515 | 4214
27154 | 4160
267.94 | 41.06
27418 | 4184
27060 | 41.30
267.04 | 40.78
26351 | 40.25
26949 | 40.98
26597 | 4045
26247 | 39.94
259.00 | 39.42
26472 | 40.10
26126 | 39.59
25782 | 39.08
25441 | 3858

B_1=P_2=0.6

Al A2

34291 | 5267
33836 | 51.99
33384 | 5132
32936 | 50.66
33844 | 51.80
33395 | 51.14
32949 | 5048
32507 | 49.83
33391 | 50.92
32048 | 5027
32508 | 49.62
32072 | 4898
32032 | 50.02
32495 | 4938
32061 | 48.75
31630  48.11
32466 | 49.11
32035 | 4848
31608 | 47.85
31183 | 47.23

B_1=p_2=0.8

Al A2

41097 | 63.10
40544 6228
399.96 | 6147
39452 | 60.67
40650 | 62.17
401.03 | 6137
39561 | 60.57
39022 | 59.79
40198 | 61.23
39657 | 60.44
39121 | 59.66
38588 | 58.88
39741 | 60.28
39206 | 59.50
38676 | 58.72
3815 57.96
39278 | 59.30
38750 | 58.53
38226 | 57.77
37706 | 57.02
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TABLE 4: Frequency vs structural parameters for SS-SS-SS-SS at 6 = 45°

B_1=B_2=0.0
A1 A2
29189 | 47.80
28823 | 47.21
28459 | 4661
28098  46.03
28430 | 4644
280.74 4586
27720 | 4528
27368  44.71
27651 4503
27304 4447
269.60 = 43.91
266.17 | 43.36
26849 | 43.58
26512 43.03
26178 | 4249
25845 | 41.96
26022 42.07
25696  41.54
253.72 | 41.02
250.50  40.51

B_1=PB_2=0.2

Al A2

35697 | 58.55
35239 | 57.81
34784 | 57.07
34333 | 5635
34974 | 57.22
34526  56.50
34080 | 55.78
33638 | 55.07
34236 | 5586
33797 | 55.15
33361 | 5445
32928 | 53.76
33482 | 5446
33052 | 53.77
32626 | 53.09
32202 | 5242
32710 | 53.03
32290 | 5236
31874 | 51.70
31460 | 51.04

B_1=p_2=0.4

Al A2

43556 | 71.62
42987 | 70.71
42422 | 69.80
41861 | 6891
42856 | 7028
42296 | 69.39
41740 | 6850
41188 | 67.62
42144 | 6892
41593 | 68.04
41047 | 6717
40504 | 6631
41420 | 67.52
40879 | 66.66
40341 | 6581
39808 | 64.97
40683 | 66.10
40152 | 6526
39624 | 64.42
39100 | 63.60

B_1=P_2=0.6

Al A2

52751 | 86.92
52051 | 85.80
513.56 | 84.69
50667 | 83.60
52062 | 85.53
513.71 | 8443
506.85 | 83.34
500.04 = 82.26
51363 | 84.11
506.81 | 83.03
50004 | 81.96
49333  80.90
506.54 | 82.67
49982 | 8161
49314 | 80.55
48652 | 79.51
49936 | 81.19
49273 | 80.15
486.15 | 79.12
47962  78.10

B_1=p_2=0.8
Al A2
632.68 | 10435
62417 103.00
61572 | 101.67
607.35 10034
62578 | 102.87
61736 10154
609.01 | 100.22
600.72 | 98.92
61881 | 101.37
61048  100.05
602.22 | 98.76
59403 | 97.47
611.75 | 99.83
60352 | 9854
59536 | 97.26
587.25  96.00
60462 | 9827
59648 | 97.00
58841 | 9574
58040 | 94.49
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Numerical frequencies for the first two modes of vibration are calculated for h_0 = 0.01M and v = 0.345. Since the
numeric values of both the modes of frequencies obtained in this study for various structural parameters (a, a_1, and f_1
= [3_2) and different boundary conditions, the authors have tried to summarize the numerical results in a tabular form as
follows:

The results presented in Table 7 demonstrate the variation of the first two natural frequencies (A, and \,) with respect to
the parameters q, a;, and f3; = 3, at a skew angle of 6 = 30° under clamped boundary conditions. It is observed that both
A\ and A, increase monotonically with increasing taper parameter 3, = 3,.

For instance, at a = 0.0 and a, = 0.05, A, increases from 49.96 to 103.44, while A, increases from 192.48 to 397.0 as 3, = 3,
varies from 0.0 to 0.8. This behavior indicates that the taper parameter induces a stiffening effect on the plate, resulting in
higher natural frequencies. A similar trend is observed for higher values of a. However, for fixed a;, an increase in a leads
to a reduction in both A, and A,. For example, at 3, = 3, = 0.0, A, decreases from 49.96 to 44.87 and A, decreases from
192.48 to 173.06 as a increases from 0.0 to 0.8 because the increasing a reduces the effective young's modulus and
consequently the flexural rigidity of the plate, leading to lower stiffness and hence, lower vibration
frequency. Furthermore, for fixed a and (3, = 3,, both frequencies decrease gradually with increasing a;, highlighting the
effect of material non-homogeneity on the dynamic response of the plate. The physical interpretation of the decay in
frequency with increasing a, is directly associated with the reduction in effective rigidity of the plate. As the non-
homogeneity constant increases, the elastic properties of the material vary more significantly throughout the plate
domain, which weakens the restoring force developed during vibration. Consequently, the structure becomes more
flexible, leading to lower frequencies.

Table 2 presents the corresponding results at 6 = 45° for clamped boundary conditions. The observed trends remain
consistent with those at 8 = 30° although the magnitude of both frequencies is higher, indicating an increase
in structural stiffness with skew angle.

For simply supported boundary conditions, the frequency variations at 8 = 30° and 6 = 45° are summarized in Tables 3
and 4, respectively. While the qualitative trends remain unchanged, the frequencies are comparatively lower than those
for clamped boundary conditions. In particular, the second mode frequency is significantly reduced in the simply
supported case as 3; = 3, increases, reflecting the reduced constraint at the boundaries.

Comparison

To validate the present formulation, the obtained frequencies have been compared with results available in previously
published studies [6] (homogeneous plate). The comparison results at corresponding values of parameters are
summarized in Table 5. It is clearly seen that when the non-homogeneity parameter is taken as 0.5 in the present study,
the frequencies (both the modes) are found to be higher than [6] at a = 0.4. However, when the thermal gradient
increases from 0.0 to 0.8, the influence of temperature becomes more dominant, and both the modes of frequency
become lower than [6]. It proves that even minor changes in material distribution or temperature play a vital role in
obtaining the frequencies and hence cannot be neglected.
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[6] Mode 1 Mode 2 Present Study Mode 1 Mode 2
alpha = 45.24 174.29 alpha = 47.48 183.03
0.4, alpha_1=0.0 0.4, alpha_1=0.05

alpha= 49.75 1915 alpha= 44.87 173.06
0.8, alpha_1=0.0 0.8, alpha_1=0.05

TABLE 5: Comparison of present study with [6] atB_1=p_2=0.0

Conclusions

The primary objective of this study is to investigate the impact of the plate’s parameters on the frequencies of thermally
induced vibration of a tapered rhombic plate. With the help of findings of this study, we may conclude the present
investigation as follows:

Impact of B_1=_2 on frequency

At fixed values of thermal gradient and non-homogeneity constant, both the modes of frequency rise significantly as 3_1
= _2 moves from 0.0 to 0.8. This sharp rise suggests that f_1 = 3_2 exerts a dominant influence on the vibrational
response of the plate.

Influence of a on frequency

Comparing different values of a reveals that increasing a tends to reduce the baseline values of A_1 and A_2, though the
rate of increase with B_1 = 3_2 remains substantial. This reduction in baseline suggests that a has a moderating effect on
A_1and A_2, potentially dampening their initial values before the influence of f_1 = 3_2 becomes significant.

Comparison across a_1 values

When examining different a_1 values, the results show that higher a_1 generally corresponds to lower values of both A_1
and A_2. This trend suggests that increasing a_1 has a similar moderating effect on both the modes.

Effect of skewness on frequency

As skewness of the rhombic plate increases from 30° to 45°, frequency rapidly increases for both modes of vibration. It
shows that skewness may become an integral part of the system’s dynamic behavior.

Key observations

(i) A\_1 and A_2 consistently increase with rising 3_1 = B_2, regardless of the values of a and a_1. The relationship appears
to be linear, suggesting a direct proportionality between (_1 = 3_2 and these variables.

(ii) Higher a and a_1 reduce the baseline values of A_1 and A_2, but the overall increase with 3_1 = 3_2 remains robust.

(i) The data suggest that the combined influence of a, a_1, and B_1 = _2 governs the system's response, with _1=_2
being the dominant factor driving changes in A_1 and \_2.

The authors concluded that by appropriate tapering and by choosing suitable values of structural parameters, we can
obtain the desired values of frequency, thus improving the performance of the structure.
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For the C-C-C-C and SS-5S-SS-SS boundary conditions, the authors analyzed the plate’s sensitivity to changes in the
parameter 31 = 32 through a frequency gain factor (FGF), which is defined as the relative change in both the modes of
natural frequency with respect to a chosen reference configuration. Here authors chose 1 = 32 = 0.0 as reference value
as given in the following formula:

_ Frequency(B; = B2 = 0.8) — Frequency(8; = B2 = 0.0)

FGF
Frequency(8; = B2 = 0.0)

FGF quantifies the relative increase in frequencies from _1 = 3_2 = 0.0 to B_1 = B_2 = 0.8. This analysis reveals that,
when frequencies of the rhombic plate under both boundary conditions vary as 3_1 = f_2 grow, the SS-SS-SS-SS
configuration consistently shows a higher FGF for both modes of vibration across various values of a and a;. This
indicates that the plate with a simply supported boundary condition is more responsive to changes in system stiffness,
effectively acting as a more adaptable system while plates with clamped boundary conditions favor reliability and
structural rigidity. The study demonstrates that by appropriate selection of geometric and material parameters, the
vibrational characteristics of the plate can be effectively tuned. These findings are particularly useful in the design of
engineering structures subjected to thermal environments, where precise control of dynamic behavior is essential.
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