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Abstract: Many engineering applications today are 

increasingly made of laminated composite plates. The properties 
of laminated composite plates can change as the laminate and 
fiber composition change, enabling the engineering structure and 
components to be customized according to the desired static or 
dynamic properties. Therefore, it is of interest to investigate 
variation in dynamic properties of composites under different 
fiber orientation composition to forecast their vibration response.  
In this study, the natural frequency and mode shape of carbon 
fiber-reinforced polymer composite plates were obtained 
numerically under varying composition of the 0°, ±45° and 90° 
fiber orientations. Sixteen different cases were simulated using 
finite element method, showing changes in the natural frequency 
and mode shape of carbon fiber-reinforced polymer composite 
plates with changes in the composition of the fiber orientation. 
The first five values of natural frequency and mode shape of the 
composite laminate were reported and analyzed using a surface 
regression method. In addition, the effect of the stacking sequence 
on the natural frequency of the composite plate having the same 
orientation composition was also analyzed. Comparison with 
previous studies showed good agreement of the present numerical 
modeling. Numerical results indicate potential to develop 
relationships to estimate modal properties based on composition of 
fiber orientation. 
 

Keywords : Carbon fiber-reinforced polymer (CFRP), Natural 
frequency, Mode shapes, Fiber orientation, Stacking composition. 

I. INTRODUCTION 

Composite lamina is a combination of fiber and matrix 
material that produce new properties that cannot be achieved 
with fiber or matrix alone [1]. Conventional fibers typically 
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used in composite laminates include carbon and glass fibers, 
but recently natural fibers such as kenaf [2] and ramie [3] 
have also been used due to their favorable cost, weight, 
sustainability and environmental impact. Composites 
properties depend on the direction of the fiber orientation. 
The use of composites in aircraft manufacturing industry is 
increasing every year. According to Bachmann et al. 
mechanical properties of composite such as elastic modulus, 
specific gravity, and ultimate tensile strength  are better than 
steel and aluminium [4]. Composites also have good fatigue 
behavior. It is also reported that over 50% of the materials 
used in the aircraft manufacturing are from composite 
material [4]. For example, in the Airbus 350, components are 
made of different compositions of materials such as 
composite, aluminium-lithium, titanium, steel and other 
materials – which make up approximately 53%, 19%, 14%, 
6%, and 8% respectively, of the total material used. Apart for 
aerospace or automotive structures, composites have also 
been found in other applications such as those proposed for 
energy harvesting membranes [5], sensors using  macro-fiber 
composites [6] and noise insulation [7]. Although composite 
offer favorable mechanical properties than other materials, 
they are  still exposed to the resonance. Resonance occur 
when the frequency of applied forced is same or near to the 
natural frequency of the material. Vibration characteristics of 
composite like its  natural frequencies and mode shape, 
always change with the fiber orientation in the lamina. 
Therefore, the composite material can be designed or 
customized according to the desired properties by changing 
the fiber orientation by applying different orientation angle, 
stacking sequence, volume fraction and different 
compositions of fiber orientation. From the literature, there 
are previous studies undertaken on the effect of changing the 
fiber orientation on natural frequencies and mode shapes. 
Sadr et al. studied the free vibration analysis of rotating 
laminated composite panels using finite strip method with 
modified shape functions [8]. Ahmed et al. investigated the 
analysis of static and dynamic properties of laminated 
composite plate using finite element method [9]. The study 
was focused on effect of fiber orientation and number of 
layers on the natural frequency. Srinivasa et al. studied the 
free vibration of isotropic and laminated skew plate using 
experimental and finite element method [10]. The study was 
focused on effect change of skew angle, angle of fiber 
orientation and stacking sequence on the natural frequencies 
and mode shape.  
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The simulation was run using MSC/NASTRAN since the 
study used finite element method for their vibration analysis.  

Balci et al. studied the effect of the ply angles and 
boundary condition on the natural frequencies of laminated 
beam composite using finite element method and the problem 
was solved using MATLAB program [11]. Huifen et al. 
studied the effect of fiber orientation angle on the vibration 
characteristic of the laminated composite plate [12]. The 
natural frequency will increase when the fiber orientation 
angle increase – leading to various vibration characteristics 
of the laminated plates and increasing design flexibility of 
structures.  

Pingulkar and Suresha studied effect of different stacking 
sequences of cantilevered hybrid laminated composite plate 
on the natural frequencies using finite element method in 
ANSYS software [13]. The study used a quasi-isotropic 
glass/carbon layup and had focused on the effect of change in 
fiber volume fraction, matrix material and stacking 
sequences on natural frequency of laminate composite plate. 
Mahdi et al. investigated the effect of fiber orientation on the 
natural frequencies of the laminated graphite/epoxy 
composite beam using finite element method with different 
boundary conditions [14]. The study was focused on the  
natural frequency of symmetry and non-symmetry laminated 
composite beam at specific +/- fiber angle combinations. 
Norman et al. studied the natural frequency of carbon fiber 
reinforced polymer laminated beam composite at various 
thickness of plate and boundary conditions [15]. Effect of 
various laminated scheme for 3 different orientations 
(cross-plies, angle-plies and unidirectional plies) on their 
natural frequencies was performed using ANSYS software. 
Khare et al. investigated effect of different fiber orientation, 
radius ratio, and thickness ratio on the natural frequency and 
mode shape of circular laminated composites plates [16]. The 
plates were modelled with free, clamped and simply 
supported boundary condition. Kadioglu et al. studied the 
effect of various of fiber orientation (at specific +/- angle 
combinations) on natural frequency of glass fiber reinforced 
cantilevered laminated composite plate [17]. Muhammet et 
al. analyzed the free vibration characteristics of symmetric 
laminated cantilevered composite plate for four different 
fiber orientations [18].  

From the literature review, although a number of studies 
had looked at effect of fiber orientation on composite plate 
vibration characteristics, most had focused on particular 
layups or orientation angles, rather than the effect of overall 
% fiber orientation composition of the composite laminate. 
Therefore, the aim in this study is to analyze the effect of 
fiber orientation composition on the natural frequencies and 
mode shape of carbon fiber reinforced polymer (CFRP) 
composite plates. As most engineering application involves 
0°/90° plies aligned in the loading direction (to take up the 
applied tensile/compressive loading) and +45° plies good for 
taking up shear loads, we focused our composition on the % 
content of [0°/+45°/90°] fiber orientations in the laminate. To 
that end, we limit our attention to symmetric laminates and 
several boundary conditions of the plate edges. We also 
included in our study, the effect of different stacking 
sequences on the natural frequency of the composite 
laminate. Overall, the study had focused on 16 cases, 
consisting of a combination of layups of the form 

[0°n/±45°n/90°n]s (where n denotes number of plies for each 
fiber orientation and s denotes symmetrical stacking). 

II.  METHODOLOGY 

A. Computational model and boundary conditions 

The laminated plate composite modelled was a 1m x 1m x 
2mm (thick) square, consisting of 10 numbers of 0.2mm 
layers as shown in Fig. 1. Fig. 1 shows the schematic diagram 
of the laminated composite plate consisting 10 number of 
layers, where every ply or layer fiber orientation (θ°) are 
either 0°, ±45° or 90°. Fig. 2 shows orientation composition 
of the laminated composite plate, highlighting that (as all 
plies are of same thickness) each ply contribute to 10% 
composition of fiber orientation θ° of that ply.  

 
 

 
Fig. 1. Laminated Composite Plate 

 
Fig. 2. Composition of fiber orientation θ 

The modal analysis of the laminated composite plate was 
performed using a finite element method (FEM) undertaken 
in MSC PATRAN/NASTRAN.  

 
 
 

 

Mid-plane 
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The material properties of CFRP used were based from 
Lee et al. [19] and are shown in Table I. The laminated plate 
composite is modelled using two-dimensional isoparametric 
elements. Hence, four node quadrilateral elements were 
applied to xy-surface of the laminated composite plate as 
shown in Fig. 3. As a free vibration analysis of plate 
composite was undertaken, no external force was applied to 
the plate.  

In total, 6 types of boundary condition combinations were 
applied at all 4 edges of the laminated composite. The 6 
boundary conditions were: simple-simple-simple-simple 
(SSSS), clamped-simple-simple-simple (CSSS), clamped- 
free-clamped-free (CFCF), free-simple-free-simple (FSFS), 
clamped-clamped-clamped-clamped (CCCC) and simple- 
simple-free-simple (SSFS). For each of the 6 boundary 
conditions, 16 different cases or layups were applied on the 
composite plate – the layups are summarized in Table III. For 
each case or layup, the first 5 natural frequencies and mode 
shapes were solved and recorded. This modal simulation for 
all 16 cases or layup is repeated for each of the 6 boundary 
conditions considered in the present study. 

Table-I: Material Properties of CFRP 
Material  

Properties 
Symbol Units CFRP 

Elastic  
modulus 11 

E11 Pa 1.81x10+11 

Elastic 
 modulus 22 

E22 Pa 1.03x10+10 

Poisson’s 
 ratio 

v12 - 0.28 

Shear  
modulus 12 

G12 Pa 7.12x10+09 

Shear  
modulus 13 

G23 Pa 2.50x10+09 

Shear  
modulus 23 

G13 Pa 7.12x10+09 

Density Ρ kg/m3 1600 

 

 

Fig. 3. Mesh size of composite plate 

B. Validation 

A mesh-independent study was performed in order to find 
the optimum number of elements for the present modal 
investigation. Fig. 4 shows that the natural frequency 
obtained from the finite element simulation of the laminated 
plate is stabilized when the number of mesh reached 144 
elements and is practically unchanged when the number of 
mesh was further increased.. Therefore, the baseline grid 

used in the present model was set to 144 elements. 

 

Fig. 4. Mesh-independence study 

The accuracy of the procedure in this study was further 
verified by comparing to results from previous work as 
shown in Table II. Pushparaj and Suresha [13] had analyzed 
the free vibration of symmetric laminated plate using the 
finite element method (ANSYS). The material properties 
used to compare with previous work was the same used by 
Pushparaj and Suresha [13]. The results in all cases between 
presented work and previous study show no difference of 
more than 3%. 

Table-II: Comparison with previous study 

Lamina Mode 
Numerical 
[13] (Hz) 

Present 
work (Hz) 

Diff. 
(%) 

[0°/0°/ 
30°/-30°]s 

1 261.3 260.4 0.3 

2 361.8 359.3 0.7 

3 755.4 745.8 1.3 

4 1591.4 1561.6 1.9 

5 1626.2 1596.1 1.9 

[0°/45°/ 
-45°/90°]s 

1 223.6 222.9 0.3 

2 419.4 415.5 0.9 

3 1004.2 988.8 1.6 

4 1402.5 1383.2 1.4 

5 1619.4 1657.4 2.3 

[45°/-45°/ 
-45°/45°]s 

1 137.7 136.7 0.7 

2 494.0 486.4 1.6 

3 789.5 777.2 1.6 

4 1304.4 1276.8 2.2 

5 1607.6 1565.7 2.7 

III. RESULTS AND DISCUSSION 

The study had focused on 16 cases or combination of fiber 
orientation composition for the laminated composite plate - 
as shown in Table III (each case consisted of 10 number of 
layers or plies). Cases 2, 3, 4 represent a combination of fiber 
orientation composed of [±45°n/90°n]s only (hence 0% of 0° 
fiber orientation). Cases 6, 10, 13, 15 represent a combination 
of fiber orientation composed of [0°n/90°n]s only (hence 0% 
of +45° fiber orientation). Cases 9, 12, 14 represent the 
combination of fiber orientation composed of [0°n/±45°n]s 
only (hence 0% of 90° fiber 
orientation).  
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Cases 7, 8, 11 represents the combination of fiber 
orientation composed of [0°n/±45°n/90°n]s. While cases 
16,5,1 (in addition to their fiber orientation composition) 
were also used to analyze the effect of changing fiber 
orientation from 0° to ±45°to 90°. It is noted that subscripts 
‘n’ and ‘s’ denotes number of plies for the particular fiber 

orientation and symmetric stacking respectively. In addition, 
all 16 cases/layups were used for each type of plate boundary 
conditions selected in the present study (i.e. SSSS, CSSS, 
CFCF, FSFS, CCCC, SSFS).  

Table-III: Stacking sequence of each case 

Case 

Composition 
 orientation (%) Stacking sequences 

0° ±45° 90° 

1 0 0 100 [90°/90°/90°/90°/90°]s 

2 0 40 60 [-45°/45°/90°/90°/90°]s 

3 0 60 40 [45°/-45°/45°/90°/90°]s 

4 0 80 20 [-45°/45°/-45°/45°/90°]s 

5 0 100 0 [45°/-45°/45°/-45°/45°]s 

6 20 0 80 [0°/90°/90°/90°/90°]s 

7 20 40 40 [0°/-45°/45°/90°/90°]s 

8 20 60 20 [0°/45°/-45°/45°/90°]s 

9 20 80 0 [0°/-45°/45°/-45°/45°]s 

10 40 0 60 [0°/0°/90°/90°/90°]s 

11 40 40 20 [0°/0°/-45°/45°/90°]s 

12 40 60 0 [0°/0°/45°/-45°/45°]s 

13 60 0 40 [0°/0°/°0/90°/90°]s 

14 60 40 0 [0°/0°/0°/-45°/45°]s 

15 80 0 20 [0°/0°/0°/0°/90°]s 

16 100 0 0 [0°/0°/0°/0°/0°]s 

A. Effect of change in fiber orientation composition on 
natural frequency 

Table IV tabulates the results of natural frequency for all 
the 16 cases or layups, for all the boundary conditions 
considered in the present numerical experiment. This is 
further illustrated in Fig. 6-11 showing the surface plot of 
variation in natural frequency against fiber orientation 
composition, for the 6 respective boundary conditions 
simulated in the present modal analysis. The surface plot are 
presented with the x –axis representing % of fiber orientation 
in the 0° and the y-axis representing the % of fiber orientation 
in the 90°. As the general layup of all the laminates are of the 
form [0°n/±45°n/90°n]s, the remaining % represents the 
content of the ±45° fiber orientation. Along the figures, a 
two-dimensional surface fitting equation is proposed and 
included, allowing estimation of natural frequency based on 
the x- and y-variables (i.e. % of  0° fiber orientation and 90° 
fiber orientation contents respectively). For each boundary 
condition case, a 4th-order polynomial appears to give the 
best surface equation fit, as indicated by the correlation 
coefficient R2 (which measures the variance in the accuracy 
of the predicted natural frequency from the % 0° and 90° 
fiber orientation input variable, and where an R2 = 1.0 
indicates strong correlation and accuracy). The lowest R2 of 
0.92 among all the boundary conditions studied, suggests 

reasonable correlation and accuracy of the proposed 
equations to predict the natural frequency. It is remarked that 
% of 0° fiber orientation composition + % 90° fiber  
orientation composition must be less than or equal to 100% in 
these equations, due to obvious physical constraint that total 
% of fiber orientation contents in the laminate must not 
exceed 100%. 

Table-IV: Natural frequency results for each case at 
various boundary conditions 

C
as

e 

Composition 
 orientation (%) 

Natural frequency (Hz) 

0° ±45° 90° 

SS
SS

 

C
SS

S 

C
FC

F 

FS
FS

 

C
C

C
C

 

SS
FS

 

1 0 0 100 40.8 42.9 23.7 32.4 61.1 38.8 

2 0 40 60 54.1 60.3 35.6 31.4 70.3 40.1 

3 0 60 40 57.4 61.7 37.5 29.6 74.1 40.4 

4 0 80 20 58.2 60.4 38.5 29.1 75.0 40.5 

5 0 100 0 58.1 60.2 38.5 29.0 74.9 40.6 

6 20 0 80 63.8 65.7 44.1 29.4 87.4 36.6 

7 20 40 40 49.5 54.1 47.6 24.8 66.9 42.9 

8 20 60 20 49 54.6 48.1 25.0 66.4 39.7 

9 20 80 0 49 54.7 48.1 25.0 66.3 39.2 

10 40 0 60 46.6 49.9 53.8 21.4 64.7 44.3 

11 40 40 20 44.9 52.8 49.6 23.6 64.7 31.1 

12 40 60 0 44.9 52.9 48.9 23.7 64.7 30.6 

13 60 0 40 42.2 51.1 46.5 22.6 63.7 30.3 

14 60 40 0 43 48.8 41.4 23.2 60.2 24.8 

15 80 0 20 42.1 49.3 38.9 22.1 60.9 22.8 

16 100 0 0 40.9 49.5 37.7 20.7 61.1 21.5 

In addition, a number of trends may also be observed: 
▪ For combination of fiber orientation composition of 

[±45°n/90°n]s only (i.e. 0% content of 0° fiber 
orientation), natural frequency appears to increase 
when the composition of ±45° orientation increases, 
for all boundary conditions except for FSFS boundary 
condition (where the natural frequency decreases). 

▪ For combination of fiber orientation composition of 
[0°n/90°n]s only (i.e. 0% content of ±45° fiber 
orientation), natural frequency appears to decrease if 
the composition of 90° fiber orientation decreases.  

▪ For combination of [0°n/±45°n]s orientation composition 
only (i.e. 0% content of 90° fiber orientation), natural 
frequency tend to decrease if the composition of ±45° 
fiber orientation decreases. 

▪ Natural frequency tend to increase when the angle 
orientation increases for the combination where all 
fiber orientation [0°n/±45°n/90°n]s  are present. 

Examining cases 16, 15 and 1, when fiber orientation 
changes from 0° to ±45°, natural frequency appears to 
increase.  
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However, when the fiber orientation changes from ±45° to 
90° the natural frequency appears decrease. Furthermore, 
there appears no change in natural frequency when the fiber 
orientation changes from 0° to 90° for SSSS and CCCC 
plates, but at FSFS and SSFS plates the natural frequency 

tends to increase. However, the natural frequency appears to 
decrease when the fiber orientation changes from 0° to 90° 
for plates with boundary conditions CSSS and CFCF. This 
shows that natural frequencies are affected by the imposed 
boundary conditions on the laminated plates.

  

 

Fig. 6. Simple–simple–simple–simple (SSSS) boundary condition 
 

  

 

Fig. 7.  Clamped-simple-simple-simple (CSSS) boundary condition 
 
 
 
 
 

 
 
 
 

freq(x,y) = p00 + p10*x + p01*y + p20*x^2 + p11*x*y + p02*y^2 + p30*x^3  
                    + p21*x^2*y + p12*x*y^2 + p03*y^3 + p40*x^4 + p31*x^3*y  

                    + p22*x^2*y^2 + p13*x*y^3 + p04*y^4 
     where 

       p00 =        58.1   
       p10 =     -0.6418   

       p01 =    -0.01781   
       p20 =     0.01114   

       p11 =  -0.0001979   
       p02 =    0.002584   
       p30 =  -9.611e-05   
       p21 =   6.344e-05   
       p12 =   -7.49e-05   
       p03 =  -7.994e-05   
       p40 =   3.148e-07   
       p31 =   3.576e-07   
       p22 =  -3.932e-06   
       p13 =   4.017e-06   
       p04 =   3.884e-07 

R2 = 0.9789 

freq(x,y) = p00 + p10*x + p01*y + p20*x^2 + p11*x*y + p02*y^2 + p30*x^3  
                    + p21*x^2*y + p12*x*y^2 + p03*y^3 + p40*x^4 + p31*x^3*y  

                    + p22*x^2*y^2 + p13*x*y^3 + p04*y^4 
     where: 

       p00 =        60.2   
       p10 =      -0.566   
       p01 =     -0.1036   
       p20 =     0.02115   
       p11 =    0.006917   
       p02 =     0.00821   

       p30 =  -0.0003713   
       p21 =  -5.962e-05   
       p12 =  -0.0004685   
       p03 =   -0.000136   
       p40 =   2.052e-06   
       p31 =   1.619e-06   
       p22 =  -9.375e-07   
       p13 =   6.558e-06   
       p04 =   4.739e-07  

R2 = 0.9249  
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Fig. 8.  Clamped-free-clamped-free (CFCF) boundary condition 

 
 

 

 
Fig. 9.  Free-simple-free-simple (FSFS) boundary condition 

 
 
 
 
 

 
 
 
 
 

freq(x,y) = p00 + p10*x + p01*y + p20*x^2 + p11*x*y + p02*y^2 + p30*x^3  
                    + p21*x^2*y + p12*x*y^2 + p03*y^3 + p40*x^4 + p31*x^3*y  

                    + p22*x^2*y^2 + p13*x*y^3 + p04*y^4 
     where: 

       p00 =        38.5   
       p10 =      0.6225   

       p01 =     0.04149   
       p20 =   -0.003757   

       p11 =  -0.0009396   
       p02 =   -0.002734   

       p30 =  -0.0002042   
       p21 =    1.47e-05   
       p12 =   1.217e-05   
       p03 =   3.915e-05   
       p40 =   1.788e-06   
       p31 =    2.81e-07   
       p22 =   6.094e-07   
       p13 =   1.148e-07   
       p04 =  -3.089e-07 

R2 = 0.9947 

freq(x,y) = p00 + p10*x + p01*y + p20*x^2 + p11*x*y + p02*y^2 + p30*x^3  
                    + p21*x^2*y + p12*x*y^2 + p03*y^3 + p40*x^4 + p31*x^3*y  

                    + p22*x^2*y^2 + p13*x*y^3 + p04*y^4 
     where: 

       p00 =          29   
       p10 =     -0.3081   
       p01 =     0.03488   
       p20 =    0.006564   
       p11 =     0.00121   

       p02 =   -0.002906   
       p30 =   -6.18e-05   
       p21 =  -5.823e-06   
       p12 =  -8.147e-05   
       p03 =   8.096e-05   
       p40 =   1.851e-07   
       p31 =   2.134e-07   
       p22 =   -3.49e-07   
       p13 =   8.491e-07   
       p04 =  -5.184e-07   

R2 = 0.9745 
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Fig. 10.  Clamped-clamped-clamped-clamped (CCCC) boundary condition 

  

 
Fig. 11. Simple-simple-free-simple (SSFS) boundary condition 

 

B. Effect of change in fiber orientation composition on 
mode shape 

Fig. 12-17 shows the effect of % in 0°, ±45° and 90° fiber 
orientation composition on laminated plate mode shape. The 
first 5 mode shapes were obtained from the FEM simulation, 
but mode shape 5 is reported here. Based on the numerical 

results, the following may be observed: 
▪ For combination of [±45°n/90°n]s orientation 

composition only (i.e. 0% of 0° fiber orientation),  
 
 
 
 

freq(x,y) = p00 + p10*x + p01*y + p20*x^2 + p11*x*y + p02*y^2 + p30*x^3  
                    + p21*x^2*y + p12*x*y^2 + p03*y^3 + p40*x^4 + p31*x^3*y  

                    + p22*x^2*y^2 + p13*x*y^3 + p04*y^4 
     where: 

       p00 =        74.9   
       p10 =     -0.9143   

       p01 =    -0.03963   
       p20 =     0.03435   
       p11 =    0.002743   
       p02 =    0.004605   
       p30 =   -0.000567   
       p21 =  -6.069e-05   
       p12 =  -0.0001395   
       p03 =  -0.0001345   
       p40 =   3.006e-06   
       p31 =   2.445e-06   
       p22 =  -4.612e-06   
       p13 =   5.321e-06   
       p04 =   7.909e-07 

R2 = 0.9234   

freq(x,y) = p00 + p10*x + p01*y + p20*x^2 + p11*x*y + p02*y^2 + p30*x^3  
                    + p21*x^2*y + p12*x*y^2 + p03*y^3 + p40*x^4 + p31*x^3*y  

                    + p22*x^2*y^2 + p13*x*y^3 + p04*y^4 
     where: 

       p00 =        40.6   
       p10 =       0.376   

       p01 =   -0.009207   
       p20 =    -0.03061   
       p11 =   -0.004868   
       p02 =   0.0003301   
       p30 =   0.0004568   
       p21 =  -3.335e-05   
       p12 =   0.0004356   
       p03 =  -6.352e-06   
       p40 =   -2.07e-06   
       p31 =  -3.912e-07   
       p22 =   9.661e-07   
       p13 =   -4.77e-06   
       p04 =   1.821e-08  

R2 = 0.9619  
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▪ when the % composition of ±45° orientation is 
increased, the mode shape change appears for SSSS, 
CSSS, CFCF and CCCC plate boundary conditions. 
Instead, the mode shape does not change when 
composition of ±45°orientation  increase for FSFS 
and SSFS plate. 

▪ For combination of [0°n/90°n]s orientation composition 
only (i.e. 0% of ±45° fiber orientation), change in 
mode shape appears when the composition of  90° 
orientation decreases, for all SSSS, CSSS, CFCF, 
FSFS, CCCC and SSFS plate boundary conditions. 

▪ For combination of [0°n/±45°n]s orientation composition 
only (i.e. 0% of 90° fiber orientation), mode shape  
changes when the composition of ±45° orientation  
decreases. Combination of [0°n/±45°n]s orientation 
composition and combination of [±45°n/90°n]s 
orientation composition for SSSS and CCCC plate is 

equivalent, but their mode shape at these combination 
are not similar, showing that change of mode shapes 
are affected by stacking sequence of the layer in the 
laminated plate. 

▪ For combination of [0°n/±45°n/90°n]s fiber orientation 
compositions, mode shape changes when the angle of 
orientation at every layer increases for SSSS, CSSS, 
CFCF, FSFS and CCCC plate boundary conditions. 
Instead, the mode shape does not change when the 
angle of orientation increase for SSFS plate boundary 
conditions. 

▪ Mode shape change when fiber orientation changes 
from 0° to ±45°to 90° for the SSSS, CSSS, CFCF, 
FSFS, CCCC and SSFS plate boundary conditions. 

 
Combination of composition 
orientation of [±45°n/90°n]s 

   

 

 40 %  ±45° 60%  ±45° 80%  ±45°  
Combination of  
composition orientation 
 [0°n/90°n]s 

    
 80% 90° 60% 90° 40% 90° 20%  90° 
Combination of  
composition orientation  
[0°n/±45°n]s, 

   

 

 80% ±45° 60%  ±45° 40%  ±45°  
Combination of  
composition orientation  
[0°n/±45°n/90°n]s 

   

 

 [0°/0°/-45°/ 
45°/90°]s 

[0°/45°/-45° 
/45°/90°]s 

[0°/-45°/45° 
/90°/90°]s 

 

Changing of angle 
 orientation from 
 0° to ±45°to 90°. 

   

 

 [0°/0°/0° 
/0°/0°]s 

[45°/-45°/45° 
/-45°/45°]s 

[90°/90°/90° 
/90°/90°]s 

 

Fig. 12. SSSS Plate 
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Combination of composition 
orientation of [±45°n/90°n]s 

   

 

 40 %  ±45° 60% ±45° 80% ±45°  
combination of  
composition orientation  
[0°n/90°n]s 

    
 80% 90° 60% 90° 40% 90° 20% 90° 
Combination of  
composition orientation 
 [0°n/±45°n]s, 

   

 

 80% ±45° 60% ±45° 40% ±45°  
combination of  
composition orientation  
[0°n/±45°n/90°n]s 

   

 

 [0°/0°/-45° 
/45°/90°]s 

[0°/45°/-45° 
/45°/90°]s 

[0°/-45°/45° 
/90°/90°]s 

 

Changing of angle  
orientation from  
0° to ±45°to 90°. 

   

 

 [0°/0°/0° 
/0°/0°]s 

[45°/-45°/45° 
/-45°/45°]s 

[90°/90°/90° 
/90°/90°]s 

 

Fig. 13. CSSS Plate 

 
Combination of composition 
orientation of [±45°n/90°n]s 

   

 

 40 %  ±45° 60%  ±45° 80%  ±45°  
Combination of  
composition orientation  
[0°n/90°n]s 

    
 80%  90° 60%  90° 40%  90° 20%  90° 
Combination of  
composition orientation 
 [0°n/±45°n]s, 

   

 

 80%  ±45° 60%  ±45° 40%  ±45°  
Combination of  
composition orientation  
[0°n/±45°n/90°n]s 

   

 

 [0°/0°/-45° 
/45°/90°]s 

[0°/45°/-45° 
/45°/90°]s 

[0°/-45°/45° 
/90°/90°]s 

 

Fig. 14. (cont.) 
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Changing of angle  
orientation from  
0° to ±45°to 90°. 

   

 

 [0°/0°/0° 
/0°/0°]s 

[45°/-45°/45° 
/-45°/45°]s 

[90°/90°/90° 
/90°/90°]s 

 

Fig. 14. CFCF  Plate 

Combination of composition 
orientation 
 of [±45°n/90°n]s 

   

 

 40 %  ±45° 60%  ±45° 80%  ±45°  
Combination of  
composition orientation  
[0°n/90°n]s 

    
 80%  90° 60%  90° 40%  90° 20%  90° 
Combination of  
composition orientation 
 [0°n/±45°n]s, 

   

 

 80%  ±45° 60%  ±45° 40%  ±45°  
Combination of  
composition orientation  
[0°n/±45°n/90°n]s 

   

 

 [0°/0°/-45° 
/45°/90°]s 

[0°/45°/-45° 
/45°/90°]s 

[0°/-45°/45° 
/90°/90°]s 

 

Changing of angle  
orientation from  
0° to ±45°to 90°. 

   

 

 [0°/0°/0° 
/0°/0°]s 

[45°/-45°/45° 
/-45°/45°]s 

[90°/90°/90° 
/90°/90°]s 

 

Fig. 15. FSFS Plate 

Combination of composition orientation 
of [±45°n/90°n]s 

   

 

 40 %  ±45° 60%  ±45° 80%  ±45°  
Combination of  
composition orientation  
[0°n/90°n]s 

    
 80%  90° 60%  90° 40%  90° 20%  90° 
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Combination of  
composition orientation 
 [0°n/±45°n]s, 

   

 

 80%  ±45° 60%  ±45° 40%  ±45°  
Combination of  
composition orientation  
[0°n/±45°n/90°n]s 

   

 

 [0°/0°/-45° 
/45°/90°]s 

[0°/45°/-45° 
/45°/90°]s 

[0°/-45°/45° 
/90°/90°]s 

 

Changing of angle  
orientation from  
0° to ±45°to 90°. 

   

 

 [0°/0°/0° 
/0°/0°]s 

[45°/-45°/45° 
/-45°/45°]s 

[90°/90°/90° 
/90°/90°]s 

 

Fig. 16. CCCC Plate 

Combination of composition 
orientation of [±45°n/90°n]s 

   

 

 40 %  ±45° 60%  ±45° 80%  ±45°  
Combination of  
composition orientation  
[0°n/90°n]s 

    
 80%  90° 60%  90° 40%  90° 20%  90° 
Combination of  
composition orientation 
 [0°n/±45°n]s, 

   

 

 80%  ±45° 60%  ±45° 40%  ±45°  
Combination of  
composition orientation  
[0°n/±45°n/90°n]s 

   

 

 [0°/0°/-45° 
/45°/90°]s 

[0°/45°/-45° 
/45°/90°]s 

[0°/-45°/45° 
/90°/90°]s 

 

Changing of angle  
orientation from  
0° to ±45°to 90°. 

   

 

 [0°/0°/0° 
/0°/0°]s 

[45°/-45°/45° 
/-45°/45°]s 

[90°/90°/90° 
/90°/90°]s 

 

Fig. 17.  SSFS Plate 

C. Effect stacking sequence on natural frequency 

The effect of stacking sequence on natural frequency, as 
shown in Fig. 18-23, is analyzed. For this study, composite 
laminated plate with fixed % of fiber orientation composition 

is applied – i.e. 20% composition of 0° fiber orientation,  
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60% composition of ±45° fiber orientation and 20% 
composition of 90° fiber orientation. We focused on 6 layups 
– case 1, 2, 3, 4, 5 and 6, which respectively are 
[45°/-45°/45°/0°/90°]s, [45°/-45°/45°/90°/0°]s, 
[0°/45°/-45°/45°/90°]s, [90°/45°/-45°/45°/0°]s, 
[0°/90°/45°/-45°/45°]s and [90°/0°/45°/-45°/45°]s. Cases 6, 3 
and 2 were considered the non-reversed order, while cases 1, 
4 and 5 represented the reversed order respectively. 

The natural frequency does not change if stacking 
sequence was changed from [0°/45°/-45°/45°/90°]s  to 
[90°/45°/-45°/45°/0°]s for SSSS and CCCC plate boundary 
conditions. However, the natural frequency decreased when 
the stacking sequence changed from [0°/45°/-45°/45°/90°]s  
to [90°/45°/-45°/45°/0°]s for CSSS and CFCF plate boundary 
conditions. Instead, natural frequency increased when the 
stacking sequence was changed from [0°/45°/-45°/45°/90°]s  
to [90°/45°/-45°/45°/0°]s for plate with FSFS and SSFS 
boundary conditions. 

 
 
 
When stacking sequence was changed from 

[45°/-45°/45°/90°/0°]s to [0°/90°/45°/-45°/45°]s, the natural 
frequency increased for plate with SSSS, CFCF and CCCC 
boundary conditions. Instead, the natural frequency 
decreased when stacking sequence changed from 
[45°/-45°/45°/90°/0°]s to [0°/90°/45°/-45°/45°]s for CSSS, 
FSFS and SSFS plate boundary conditions. 

For stacking sequence change from [90°/0°/45°/-45°/45°]s 
to [45°/-45°/45°/0°/90°]s, plates with SSSS, CSSS, FSFS and 
CCCC boundary conditions showed decrement in their 
natural frequency, but increment in natural frequency for 
CFCF and SSFS plate boundary conditions. 

 
Fig. 18. SSSS Plate 

 
Fig. 19. CSSS Plate 

 
Fig. 20. CFCF Plate 

 

 
Fig. 21. FSFS Plate 
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Fig. 22. CCCC Plate 

 
Fig. 23. SSFS Plate 

 
 
 
 

IV. CONCLUSION 

In this paper, 16 cases or layups of [0°n/±45°n/90°n]s fiber 
orientation composition were studied to show the effect of 
fiber orientation composition on natural frequency and mode 
shape of laminated composite plates. The modal analysis 
were undertaken using finite element method for 6 
configurations of plate boundary conditions. Both 
mesh-independence study and benchmarking with previous 
work, were undertaken to validate the present model. 
Computational results show that natural frequency and mode 
shape are affected by % composition of [0°/±45°/90°] fiber 
orientations, boundary conditions and stacking sequence of 
the laminate. Natural frequency to % fiber orientation 
composition relationships for [0°n/±45°n/90°n]s laminated 
composite plates may be found, which could be exploited to 
customize required laminate content to suit design 
requirements.The present study had focused on carbon fiber 
reinforced polymer (CFRP) laminates, which could be 
extended to glass fibers or other types of fibers used in 

engineering applications, for future investigations. In 
addition, due to practical engineering reasons, the present 
study had limited our attention to [0°n/±45°n/90°n]s layups, 
which may also be extended to other combination of fiber 
orientations for future work.  
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