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Abstract: The main objective of this paper is, the finite element analysis of rectangular plate using Micropolar
Elasticity Theory proposed by A.C. Eringen. A rectangular plate subjected to simple tensile loading was
analyzed for different types of nylon materials (both glass filled and carbon filled) which are commercially
available in market. A two-dimensional triangular finite element formulation including an extra degree of
freedom at each node was derived based on the Eringen’s Micropolar theory.The structural Poisson’s ratio of
nylon plate using Classical Elasticity theory were validated using results obtained using ANSY'S software. A
study on dynamic characteristics of plate had also been done using both the theories and results were
compared.
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. INTRODUCTION

A. Cemel Eringen and his colleagues established the theory of micromorphic materials [1-3], which
addresses a class of materials exhibiting specific microscopic effects resulting from the local structure and
micro movements of the media. These materials are affected by spin inertia and can sustain stress and body
moments. However, the general theory is extremely complex, and the differential equations are difficult to
solve even in the case of linear elastic substances. Eringen presented a theory of pair stress in an attempt to
simplify the complexity. Subsequently, "Micropolar Elasticity Theory" (MET) was used to replace this
hypothesis.Unlike the pair stress theory, in micropolar elasticity the motion of the medium is fully specified
and all components of the asymmetric stress tensor.

A material will often experience lateral contraction when subjected to tensile loading, whereas lateral
elongation occurs when a compressive force is applied. The negative value of the ratio of lateral strain to
longitudinal strain, when a uniaxial load is applied along its longitudinal direction, is known as the structural
Poisson's ratio. As a result, Poisson's ratio is positive in the majority of isotropic elastic materials and has an
admissible range of -1 to +.5 [4]. If a material experiences lateral contraction under compressive loading and
lateral expansion under tensile loading, it is said to have a negative structural Poisson's ratio. These days,
isotropic foam constructions with negative structural Poisson's ratio are being produced. Comparing these
materials to conventional foam materials with positive Poisson's ratio, it is discovered that they have improved
strength, impact absorption, strain fracture toughness, resilience, and shear modulus [6].

IJCRT2311531 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e514


http://www.ijcrt.org/

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882

In this work, a suitable MATLAB computer program for solving a rectangular plate problem is built. A 2D
triangle element with three nodes, each having an extra degree of freedom, is derived using MET and finite
element methods. Both for Classical Elasticity Theory and Micropolar Elasticity Theory, the Structural
Poisson's ratio of the rectangular plate is determined by selecting different glass-filled nylon materials that are
commercially accessible. Both theories are used to study the variability in strains for various materials.
Additionally, the investigation focuses on how the structural Poisson's ratio varies for various materials. For a
variety of nylon material families, modal analysis (un-damped free vibration) was also carried out on the plate,
and the associated natural frequencies were ascertained using both theories.

2. 2D-Micropolar Elasticity Theory:

2.1. 2D Micropolar Elasticity Theory:

The constitutive equations and the strain displacement relations for micropolar elasticiy theory are as
follows:

t; = A&y oy + 7 K)e; +/'l*gji

1)
my :a@'ké‘ij +ﬂ¢|’j +7¢j,i (2
& =U;; +ed 3)

Where, tj is force stress tensor, m;; is couple stress tensor, &; is micro-strain tensor, ¢ is micro-rotation
tensor, dj is Kronecker delta and 4, 1/*, x;, @, fand yare the six constants of micropolar elastic materials. x, «
and y are the new micropolar constants which vanish for classical materials. The dimension of « is
force/length?, and for ¢, Band it is forces (couple/length), and i, j = X, y, z. ji is the permutation symbol, and

Uj; =au;/ox , Uj is the displacement in j direction, X is the Cartesian coordinate in i direction. The limits for

the micropolar constants are give by:
0<31+2u +k 0<2u +k 0<k @)

0Ba+p+y -r<p<y Oy (5)

—

]

Fig. 1 Forces and Couple stress orientation for 2D case
Substituting (3) in (1) and (2) and arranging the resultant equation in terms of matrix form,

t. u
V= [Dijkl]{ }
{mil} v (6)

Where, [Diju] is the stiffness matrix. The forces and couple stress orientation for a two dimensional case is
represented in Fig. 1, assuming that ¢x = ¢, = 0, the stress-strain relation [7] is given by:

{o}=[DKz} @

Where [D] is the material property matrix, strain vector and stress vector for two dimensional problems are:

{}={en. €y 64 € Prsi ¥ ={8u v v u . %}
(7a)

oy x P x y
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_ T
{O-}_{txx’tyy’txy’tyx’ mxz’ I"nyz} (7b)

For the two dimensional Micropolar problem, to find the material property matrix there exists two cases:
(a) Micropolar Plane Strain and (b) Micropolar Plane Stress conditions.

2.2 Micropolar Plane strain problem:

For the Micropolar plane strain condition, the only non-zero strains are Enir &gy yo Prxy the rest
of all strains are zeros. The corresponding material property matrix is:

A+2u" +k A 0 0 0 0]
A A+2u +k 0 0 00
[D] = 0 0 ,u*-i-k fz* 00
0 0 7 u +k 0 0
0 0 0 0 7 0
0 0 0 0 0 7 (8a)

2.3 Micropolar Plane stress problem:

For the Micropolar plane stress condition, the only non-zero stresses are bocr by by o byes Mg My, and the

rest of all stresses are zeros. The corresponding material property matrix is:

[@u" +K)(2A+2u" +k) AQ@u" +k) 0 o o o_
A+2u” +k A+2u” +k
A2u :Lk) (2u +k)(21*+2,u +k) 0 0 0 0
D= A+2u +k A+2u +k
[D]= 0 0 5 g
0 0 o g Ak 0
0 0 0 0 y 0
i 0 0 0 0 0 y] (8b)
As mentioned earlier, A, 1*, x, a, [ and y are the six constants of Micropolar elastic materials and the
* k
+ — =

relation between ¢* and u is given by the relation [8]: 1 2 “ , Where A and g are the traditional Lamé’s
constants with the dimensions force/length?.

As the values of aand Sare zero in the case of 2D Micropolar theory, material property matrix [D] combines
both force terms and couple stress in contrast to that of given by Namakura [9 - 10].

Gauthier gave the definitions of Micropolar Young’s modulus and Micropolar Poisson’s ratio [11], [12] as:

T +K)BA+2u" +K)
Micropolar Young’s modulus, 24 +2u +K (9a)
Micropolar Poisson’s ratio, 2A+2p +K (9b)

By taking the inverse of above two equations (9a) and (9b), we obtain:

B, 24 +k

Modulus of rigidity, ~ 2d*Vm) 2 (9¢)

/1 — Emvm
And A+v,)d-2v,) (9d)

Namakura , defined a two constants, characteristic length and coupling factor as follows:

|2 — 7
Characteristic length, 22p +k) (10a)
2 _ k

Coupling factor, 2(u +k) (10b)
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The value of N varies from O (i.e., Classical Elasticity Theory) to 1 (i.e., intermediate couple stresses theory)

. The material property matrix for both plane strain and plane stress problem can be expressed in terms of this

Micropolar Young’s modulus, Micropolar Poisson’s ratio, characteristic constant and coupling factor as:
Material matrix, [D] for plane strain problem is:

Eme

Em (1_Vm) 0 0 0
@Q+v,)a-2v,) @+v,))1-2v,)
Emvm Em (l_vm) 0 0 0
@Q+v,)a-2v,) @+v,)1-2v,)
0 0 E. E,(1-2N?) 0
21+v,)1-N?) 2@1+v,)1-N?)
[P1= E_(1-2N?) E,
0 0 0
2(L+v, )A-N?) 2(L+v,)A-N?)
0 0 0 2E,|
Q+v,)
0 0 0 0 2E, |
i @+vy,) |
(11a)
Material matrix, [D] for plane stress problem is:
E, : Emvmz 0 0 0
(1_Vm ) (l_vm )
Emvmz E, : 0 0 0
(1_Vm ) (1_Vm )
_ 2
g . E, E,(1-2N?) 0
[D] = 21+v,)A-N?) 2(1+v,)1-N?)
- 0 E,(l-2N?) E, 0
20+v, )A-N?) 2(1+v,)1-N?)
2
0 0 0 2E,|
A+v,)
2
0 0 0 0 2E,|
L d+vy) |
(11b)

2.3 Micropolar Plane stress problem:

For the Micropolar plane stress condition, the only non-zero stresses are t,,t,, ,t,,t,,,m,,,m  and the rest of all

stresses are zeros. The corresponding material property matrix is:

(2u +k)(22*+ 2u +K) A2u *+k) 0 0 0 0

A+2u +k A+2u +k

AQu" +K) Qu" +Kk)(2A+2u" +k)

YA - 0 0 00

D] A+2u" +k A+2u" +k (8b)

[D]= 0 0 W4k 4 00

0 0 " u+k 00

0 0 0 o 0

i 0 0 0 0 0 7]

As mentioned earlier, 4, i/*, x, a, fand yare the six constants of Micropolar elastic materials and the relation between z*

* k
and u is given by the relation [8]: ©# +— = 1, where 1 and u are the traditional Lamé’s constants with the dimensions

force/length?.

As the values of «and S are zero in the case of 2D Micropolar theory, material property matrix [D] combines both force

terms and couple stress in contrast to that of given by Namakura [9 - 10].
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Gauthier gave the definitions of Micropolar Young’s modulus and Micropolar Poisson’s ratio [11], [12] as:

201" +K)BA+2u" +k
Micropolar Young’s modulus, E = (2p X — £ ) (9a)
2A+2u +k
. . . A
Micropolar Poisson’s ratio, V,, = —————— (9b)
2A+2u +Kk
By taking the inverse of above two equations (9a) and (9b), we obtain:
E 24 +k
Modulus of rigidity, G = ——m—— = £ (%)
21+v,,) 2

_ Eme
I+v,)a-2v,)

And A (9d)

Namakura , defined a two constants, characteristic length and coupling factor as follows:

Characteristic length, 12 = + (10a)
22u +k)
. 2 k
Coupling factor, N = —— (10b)
2(u +k)

The value of N varies from 0 (i.e., Classical Elasticity Theory) to 1 (i.e., intermediate couple stresses theory) . The material
property matrix for both plane strain and plane stress problem can be expressed in terms of this Micropolar Young’s modulus,
Micropolar Poisson’s ratio, characteristic constant and coupling factor as:

Material matrix, [D] for plane strain problem is:

Em(l_vm) Emvm 0 0 0 0 i
@+v,)d-2v,) @+v,)1-2v,)
Eme Em(l_vm) 0 0 0 0
Q+v,)d-2v,)) @Q+v,)A-2v,)
0 0 E,, E,.(1-2N%) 0 0
[D] = 2(1+vm)(1—N2) 2(l+vm)(1—N2)
0 0 E,.(@-2N )2 E, : 0 0
20+v,)A-N°) 2Q+v,)L-N7)
0 0 0 0 2E,|
@+v,)
0 0 0 0 2E,|
L L+vy) |
(11a)
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Material matrix, [D] for plane stress problem is:

By BV 0 0 0 0
(1_Vm2) (1_Vm2)
EnVn En 0 0 0 0
(1_Vm2) (1_Vm2)
0 E, E.(1-2N?) 0
[D] = 21+v,)A-N?) 2(1+v,)1-N?)
B 0 E,(1-2N?) E, 0
20+v, )L-N?) 2(1+v,)1-N?)
2
0 0 0 2E, |
@+v,)
2
0 0 0 0 2E,|
i (l+vm)_
(11b)

3. Finite Element Formulation:

3.1 Linear Triangular Element:

A linear triangular element with three degrees of freedom at each node is considered as shown in Fig. 2. For a linear

triangular element, shape functions are linear over the element [13].

The displacements u, v and ¢, are expressed in terms of shape functions and nodal values of unknown displacements as:

{u}=[NHa} (12)

(X5 ¥1)
Fig. 2 Linear Triangular Element

The relation among the three shape functions is given by:

N, +N,+N, =1 (13)
N, =& N, =Ny =0 =1-8—n (14)
Where& nand ¢ are the natural coordinates. Where, {U} ={U,V,#,}" , displacement vector, [N] is shape function matrix and

{9}={0,.9,,9:,0,,9,095,9,,0s,0s} . element displacement vectors. The shape function matrix [N] is given by [14]:
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N, 0 0 N, 0 0 N, 0 O
[NJ=/0 N, 0 0 N, 0 O N, O (15)
0 0N O 0O N, 0 0 N,

Using the chain rule, the relation between strain, displacement and micro-rotation vector is given by

{e}=[BKa} (16)
{c}=[DKe}=[DI[BHa} (7)
_y23 0 0 Ya O 0 Y 0 0 1
0 Xy 0 0  Xgq 0 0 X, 0

_ 1 0 Yoz — (det J )§ 0 Yar — (det J )77 0 Yo — (det J )é/ (18)
detJ|X;,, O (detd) x,; O (detd)p x,, O (detd)d

0 0 Y3 0 0 Ya1 0 0 Y12

0 O X3) 0 O Xi3 0 O Xpy

[B]

The matrix [B] is known as element strain-displacement matrix.
3.2 Energy method:
Using the principle of total potential energy, the total potential energy can be written as
[T=U+V (19)
Considering, applied body force and body couple (G;, Ci) and applied surface force, surface traction (Ti, M;), [7] and if u;

and ¢; are displacement and micro-rotation along i — direction, the total potential energy can be written as:
1 § Id Gl +C {r‘“) MO }d
H—E”‘ tjigji+mji¢|j V—J'J.{ U + i¢|}dV—J' L+ M ¢| S (20)
) i s

Using equations (12) to (18) the total energy becomes:

1 T e e enT 5 €
M= Y KKV (RIHEY - e
Where, element stiffness matrix, [K®] = ” ([B]T [D][B])le (22)

Element body force and body couple, {F,"} = H ([N 1 {{G}+{C}})ﬂv (23)

Element surface force and surface traction, {F,} = I([N 1 {{T M}+{M ™ }} S (24)
S

The total structural potential energy is the summation of total element strain energy:

I1=>1I, (25)
Substituting (21) into (25) and now using the principle of minimum potential energy,

0

_H =0 (26)

ofa}
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The resultant equation will become:

[KKa}={F}+{F} 27)

3.3 Numerical Integration:

For getting stiffness matrix, integral is to be solved which can be done by using numerical integration technique. Gaussian
quadrature integration technique with triangular sampling points is used for solving this integral. Assuming that depth t of the
triangular element is invariant,

dV =dx.dy.dz =t.dxdz =t.detJ.dé.dny =t.2Adédn (28)

Where, A is the area of the linear triangular element. Applying this numerical integration technique for finding the stiffness matrix,

i.e., equation (22) then,
[K°1=[[ (1" [DIBIRY = [[(BT [DI[BIRALdEdy

11-¢

=2t [((BI'[DI[BIHEd7
11-¢

=2At[ [ f(&n.$)dédn

00

= 2ALY W (£171,8) 29)

3.3 Modal Analysis:

In this work, modal analysis was done for the various nylon plates considering it as a multi degree of freedom system;
because the system will have a total of 10 degrees of freedom for Classical Elasticity Theory and 15 degrees of freedom for
Micropolar Elasticity Theory.

Considering an un-damped free vibration case, the equation of motion was given by [15]:

[MKA}+[KHa}={0} (30)
The characteristic equation of Eigen value problem for an un-damped free vibration is given by:
[K1- @ [MIKat=0 (31)

The term, ([K] —a)Z[M ]) is known as dynamic stiffness matrix, {q} contains only those DOF that assumes nonzero values after

all rigid body modes and mechanisms are suppressed. Lumped mass matrix assumption was made for the ease of computations.
The ‘n’ natural frequencies o (r=1, 2...n) are obtained from above equation. The vector {q,}, known as characteristic vectors or
Eigen vectors and were normalized so that they will satisfy the ortho-normality conditions:

{a MKay=1r=12.n o
{a}' [KHg}= 0" r=12..n
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4. ANSYS Model:

ANSYS model of the rectangular plate was created and meshing was done using (free mesh using triangular elements)
PLANEA42 element. The boundary conditions were assumed to be same as that was assumed in the code. The meshed model with
boundary conditions using ANSYS was shown in Fig. 3(a). The plane strain and plane stress assumptions were simultaneously

made for analysis of corresponding strains and structural Poisson’s ratio.

ELEMENTS AN

JEN 14 zo07
¥ 16:44:30

Fig. 3(a) Meshed ANSYS model of rectangular plate

5. Summary of Applications of various nylon materials used:
The following tables, gives properties and applications of various nylon materials chosen both glass filled and carbon filled
for analysis purpose in this work and the material numbers given in Table 1 and 2 were used for further reference.

Table No. 1 Properties and Applications of GF Nylon Materials

GF Tensile Mass
Mat | Commercial Name Modulus Density | Applications
No. (MPa) (gm/cc)

PA 140/1 GF 33, 33% Automotive Housings, Power Tool
! Glass Fiber, DAM[16] 1048x10° | 1.41 Housings ’
2 PA 140/1 GF 33, 33% 8.48 x 10° 141 Bearings, Gears, Connectors,Automotive

Glass Fiber, Conditioned [17] ' ' Housings, Power Tool, Housings

Bearings, Gears, Automotive wheel
3 ggRGEBL 33% 13 x 10° 1.46 covers, plated, High tolerance electrical
ylon 6 [17] -
switch boxes and connectors

4 Zytel (72G33L) [19] 5860 1.38 housings
5 Zytekl(82G33L) [19] 4480 1.34 Appliance-housings, hoses, jackets,tubes
6 PA 140/1 GF 30 [19] 7250 1.36
7 PA 140/1 GF 33 [19] 8480 141 Gears, cams,auto, Indust
8 Ultramid A3EG6 [19] 7380 1.35 Housings, Insulators
9 DSM J-1/33HS [19] 8270 1.39 Insulators
10 Fiberfil TN J-8/33/IT [19] 6890 1.38 Appliances, automotive
11 RTP 205.3 [19] 1.17 x 10* 1.39 Housings, automotive (exterior)
12 RTP 205.3 HS SI [19] 1.10 x 10* 14 -
13 Thermofil N3-33FG-0103 [19] | 1.03 x 10* 1.4 General purpose
14 Thermofil N3-33FG-0214 [19] | 9170 1.48 General purpose
15 Thermofil N3-33FG-0700 [19] | 8960 1.38 Casters, handles
16 Thermofil N3-33FG-0727 [19] | 7580 1.38 Pulleys, wheels, auto and machine parts
17 Thermofil N3-33FG-1100 [19] | 1 x 10* 14 Profile, rod and tube
18 Unfilled [18] 350 x 103 - -

[JCRT2311531 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e522


http://www.ijcrt.org/

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882
Table No. 2 Properties and Applications of CF Nylon Materials

CF Tensile Mass

Mat | Commercial Name Modulus Density | Applications
No. (MPa) (gm/cc)

1 DSM G-1/CF/30 [19] 2.41x 10% 1.28 General purpose
2 Electrafil CF/30/TF13s12 [19] 2.78x 10* 1.32 Automotive and electrical
3 Electrafil J-1/CF/30 [19] 2.07x 10* 1.28 Electronic

4 Nybex 23000 BKV CF30 [19] 2.28x 10* 1.33 Friction

5 RTP 285H CF30 [19] 2.14x 10% 1.28 Electronic

6 RTP 285P CF30 [19] 1.72x 10* 1.22 -

7 RTP 287P CF30 [19] 1.93x 10* 1.28 -

8 RTP 299X51265F [19] 5170 1.35 Thermal

9 RTP 205.3 HS SI [19] 1.10x 10* 2.15 -

6. Results and Discussion:
A simple rectangular element, meshed with four linear triangular elements as shown in Fig. 3(b), was used for analysis

using code. The rectangular plate is assumed to be 10 mm long, 5 mm width and 1 mm thick. The loading conditions for the

rectangular plate are 7,, = 4MPa and Ty =Ty =Ty =M = 0. The boundary nodal forces F, applied are shown in Fig.

Xy yX
3(b).
Y

5 4

7h F
3

Y/
Z 4) 3 Q)
Z
A )
ne o

1 2

Fig. 3(b) 2-Elements, 4-noded rectangular plate

The Micropolar constants chosen for the analysis are: A =2 x 108 MPa, u* = 2 x 10 MPa, k=0, y = 8 x 108 MPa, a. =
= 0. Micropolar Poisson’s ration, wn = 0.25, Modulus of Rigidity. The characteristic length, I =10 mm and coupling factor, N =0.0
[8].

(a) Results for glass filled nylon plate:

The average longitudinal and lateral strains and structural Poisson’s ratio for glass filled nylon plate was shown in Table
No. 3. It is depicted that the Structural Poisson’s ratio of the deformed rectangular plate after application of the load remains same
for all glass filled nylon materials even though there is variation in strains of different materials, i.e., 0.333333 for the plane strain
condition and 0.250 for the case of plane stress condition. The variations of strains ex and &yy for different materials using
Micropolar Elasticity Theory and Classical Theory of Elasticity were shown in Fig.4 and Fig. 5; also the corresponding Poisson’s

ratios are shown in Fig.6.

IJCRT2311531 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e523


http://www.ijcrt.org/

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882
Table 3 Strains and Poisson's ratios for different glass filled nylon materials

GF Plane Strain Condition Plane Stress Condition
Mat No. AVQ. &xx Avg. gy Structural v AVY. &xx Avg. gy Structural v
01 2.73E-4 -9.09E-5 0.333333333 2.86E-4 -7.16E-5 0.25
02 3.37E-4 -1.12E-4 0.333333333 3.54E-4 -8.84E-5 0.25
03 2.20E-4 -7.33E-5 0.333333333 2.31E-4 -5.77E-5 0.25
04 4.88E-4 -1.63E-4 0.333333333 5.12E-4 -1.28E-4 0.25
05 7.25E-4 -2.02E-4 0.333333333 6.90E-4 -1.91E-4 0.25
06 3.94E-4 -1.31E-4 0.333333333 4.14E-4 -1.03E-4 0.249999
07 3.37E-4 -1.12E-4 0.333333333 3.54E-4 -8.84E-5 0.25
08 4,56E-4 -1.25E-4 0.333333333 4,52E-4 -1.08E-4 0.25
09 3.45E-4 -1.15E-4 0.333333333 3.63E-4 -9.07E-5 0.25
10 4,15E-4 -1.8E-4 0.333333333 4.35E-4 -1.09E-4 0.25
11 2.44E-4 -8.14E-5 0.333333333 2.56E-4 -6.41E-5 0.24999
12 2.60E-4 -8.66E-5 0.333333333 2.73E-4 -6.82E-5 0.25
13 2.77E-4 -9.25E-5 0.333333333 2.91E-4 -7.28E-5 0.25
14 3.12E-4 -1.04E-4 0.333333333 3.27E-4 -8.18E-5 0.25
15 3.65E-4 -1.04E-4 0.333333333 3.68E-4 -8.20E-5 0.25
16 3.77E-4 -1.26E-4 0.333333333 3.96E-4 -9.89E-5 0.249
17 2.07E-4 -6.90E-5 0.333333333 3.64E-4 -5.40E-5 0.25
18 8.16E-6 -2.72E-6 0.333333333 8.57E-6 -2.14E-6 0.25
X 104
8 . T R — .

Micropolar Plane Strain

7 -\ W Micropolar Plane Stress |
i Classical Plane Strain

Classical Plane Stress

0 i i | i i i &
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material No.

Fig. 4 Variation of Micropolar and Classical &x for different nylon GF materials

From the Fig.4, if we exclude the unfilled material, it was clear that for N6-G33L 33% GFR Nylon 6, i.e., for material no.
03, the longitudinal strains (exx) is minimum and the same is maximum for Zytel (82G33L) (GF Mat No. 05) for both plane strain

and plane stress conditions. If unfilled material is also considered, ex is minimum for Noryl Unfilled (GF Mat No. 18).
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Fig. 5 Variation of Micropolar and Classical gy for different nylon GF materials

From Fig. 5, Lateral strain, eyy is minimum for Zytel(82G33L) (GF Mat No. 05) and maximum for N6-G33L 33% GFR
Nylon 6 (GF Mat No. 03) for both plane strain and plane stress conditions If unfilled material is also considered, eyy is maximum
for Noryl Unfilled (GF Mat No. 18). The structural Poisson’s ratio remains constant for both the theories and for plane strain and

plane stress respectively, was shown in Fig. 6.

0.34 T T T
. {1
0.33 ;
Micropolar Plane Strain
0.32 “— Micropolar Plane Stress |
0.31

Poisson's Ratio
o
n
w

1 1
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Fig. 6 Micropolar Poisson’s ratio for different types of glass filled nylon GF materials
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(b) Results for Carbon filled nylon plate:

Table No. 4 gives the average longitudinal, lateral strains and structural Poisson’s ratio for carbon filled nylon plate.

Table 4 Strains and Poisson’s ratio for different carbon filled nylon materials

CF Plane Strain Condition Plane Stress Condition

Mat No. AVY. £ Avg. gy Structural v AVQ. £xx Avg. gy Structural v
01 1.19E-04 -3.95E-05 0.33333333 1.24E-04 -3.11E-05 0.25
02 1.03E-04 -3.43E-05 0.33333333 1.08E-04 -2.70E-05 0.25
03 1.29E-05 -4.26E-05 0.33333333 1.34E-04 -3.55E-05 0.25
04 1.25E-04 -4.18E-05 0.33333333 1.32E-04 -3.29E-05 0.25
05 1.34E-04 -4.45E-05 0.33333333 1.40E-04 -3.50E-05 0.25
06 1.66E-04 -5.54E-05 0.33333333 1.74E-04 -4.36E-05 0.25
07 1.48E-04 -4.93E-05 0.33333333 1.55E-04 -3.89E-05 0.25
08 2.60E-04 -8.66E-05 0.33333333 2.73E-04 -6.82E-05 0.25
09 5.53E-04 -1.84E-04 0.33333333 5.80E-04 -1.45E-04 0.25

From Fig. 7, it is depicted, exx is minimum for Electrafil-CF/30/TF13s12 (GF Mat No0.02) and maximum for RTP
299X51265F (GF Mat No. 09) for both plane strain and plane stress conditions. gyy is minimum for RTP 299X51265F (GF Mat

No0.09) and maximum for Electrafil CF/30/TF13s12 (GF Mat No. 02) for both plane strain and plane stress conditions.

6 T T T
H ! exx for Classical Plane Strain

: exx for Classical Plane Stress
oy I S R S exx for Micropolar Plane Strain
exx for Micropolar Plane Stress

exx
w

CF Nylon Material

Fig. 7 Variation of Micropolar and Classical &x for different nylon CF materials

From Fig. 7, the longitudinal strain (ex) is minimum for Electrafil CF/30/TF13s12 (CF Mat No 2) and maximum for RTP
299X51265F (CF Mat No .8). From Fig. 8, the lateral strain (eyy) is minimum for RTP 299X51265F (GF Mat N0.09) and maximum

for Electrafil CF/30/TF13s12 (GF Mat No. 02) for both plane strain and plane stress conditions.
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Fig. 8 Variation of Micropolar and Classical gy for different nylon CF materials

From Fig 9, similar to the case of glass filled nylon materials, also for carbon filled nylon materials, there is no change in

the structural Poisson’s ratio but there exists corresponding change in their strains.
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Poisson's Ratio

0.27} ‘ ‘ : .
0.26 | .
0.254 £
0.24 i i i i i i j

CF Nylon Material

Fig. 9 Poisson’s Ratio for different types of nylon carbon filled materials

(c) Validation of program results:

The strains obtained for various nylon materials using classical elasticity theory by program were validated with those of
ANSYS results.

The comparison of longitudinal strains and lateral strains between program results and those obtained from ANSYS
software for glass filled nylon materials were given in Fig. 10 and Fig. 11 respectively, and the error percentage was found to be

0.0619 and 0.0618 respectively.

IJCRT2311531 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e527


http://www.ijcrt.org/

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882

x 107
9711 . S S S S S— ——
: : .| —=— Program exx for classical Plane strain
- A NN SRUUR SN A4 (N SRS SO - —==— Program exx for Classical Plane Stress
Ansys exx for Classical Plane Strain
7 Ansys exx for Classical Plane Stress
:
x :
x i
o i
41 : .
FC) MR S /..t;i_..‘; ..... 4
2L "3 o £, - \
Ny & AN et Ny |
&3] N ; b=t
1 B ' il b
0 i I I I | | 1 i)

1 1 | i 1 | i i
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
GF Material No.

Fig. 10 Comparison of Program exx and ANSY'S gy for CET for GF Nylon Material
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Fig. 11 Comparison of Program &yy and ANSYS ¢y for CET for GF Nylon Material
The comparison of longitudinal strains and lateral strains for carbon filled nylon materials between program results and
those obtained from ANSYS software were given in Fig. 12 and Fig. 13 respectively, and the error percentage was found to be

0.0619 for both the cases.
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Fig. 12 Comparison of Program exx and ANSY'S gy for CET for CF Nylon Material
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Fig. 13 Comparison of Program exx and ANSY'S gy for CET for CF Nylon Material
7. Results of Modal Analysis:
(a) Using Classical Theory of Elasticity:
The modal analysis (un-damped free vibration) was done for various nylon plates considering the plane strain assumption
using both Classical Elasticity Theory and Micropolar Elasticity theory. For the case of CET, the system will have a total of 10
DOF among them, 4 DOF were fixed so that, the natural frequencies corresponding to these DOF were zero or very near to zero.

Thus, the other natural frequencies (corresponding to other 6 DOF and 4 fixed DOF) obtained using the CET was given in Table 5.
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Table 5 Natural Frequencies of different glass filled nylon plate using CET

GF Eigen Values
Mat | 2 3 4 5 6 7 8 9 10
No.
1 5.22 5.96 1.12 1.14 1.27 1.83 2.53
0 0 0 E-11 E+4 E+5 E+5 E+5 E+5 E+5
2 4.83 5.36 1.01 1.02 1.14 1.64 2.28
E-11 0 0 0 E+4 E+5 E+5 E+5 E+5 E+5
3 7.28 6.52 1.23 1.24 1.39 2.00 2.77
E-11 0 0 0 E+4 E+5 E+5 E+5 E+5 E+5
4 1.63 1.42 2.68 2.72 3.04 4.36 6.06
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
5 1.01 1.26 2.38 2.41 2.69 3.87 5.37
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
6 2.66 1.60 3.00 3.04 3.40 4.89 6.79
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
7 1.91 1.70 3.19 3.23 3.61 5.19 7.21
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
8 1.77 1.62 3.04 3.08 3.45 4,95 6.87
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
9 2.86 1.78 1.69 3.17 3.22 3.60 5.16 7.17
0 0 E-25 E-11 E+4 E+4 E+4 E+4 E+4 E+4
10 1.83 1.54 2.90 2.95 3.29 473 6.57
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
11 1.46 2.01 3.77 3.82 4.28 6.14 8.53
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
12 1.74 1.94 3.64 3.69 4.13 5.94 8.24
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
13 2.61 1.88 3.52 3.58 4.00 5.74 7.97
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
14 1.47 1.72 3.23 3.28 3.67 5.27 7.32
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
15 1.04 1.76 3.31 3.36 3.76 5.40 7.49
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
16 1.97 1.62 3.04 3.09 3.45 4.96 6.89
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
17 1.47 1.85 3.47 3.52 3.94 5.66 7.86
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4

The Fig. 14, shows the natural frequencies for different glass filled nylon materials obtained using CET. Natural frequency

(o10) is maximum for N6-G33L 33% GFR+ (GF Mat No. 03) 1o is minimum for Zytel (82G33L) (GF Mat No. 05), as

the first four natural frequencies corresponds to those DOF which are fixed at nodes, they have zero value of natural frequency
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Fig. 14 Natural Frequency using Classical Elasticity Theory for GF Nylon Materials
The natural frequencies of carbon filled nylon plate using CET were given in Table No. 6 and the same were plotted in
Fig. 15. The natural frequency (wio) is maximum for Electrafil CF/30/TF13s12 (GF Mat No. 02) i is minimum for RTP

299X51265F (GF Mat No. 08).

Table 6 Natural Frequencies of different carbon filled nylon plate using CET

GF Eigen Values
Mat
No. 1 2 3 4 5 6 7 8 9 10
1 5.22 5.96 1.12 1.14 1.27 1.83 2.53
0 0 0 E-11 E+4 E+5 E+5 E+5 E+5 E+5
2 4.83 5.36 1.01 1.02 1.14 1.64 2.28
E-11 0 0 0 E+4 E+5 E+5 E+5 E+5 E+5
3 7.28 6.52 1.23 1.24 1.39 2.00 2.77
E-11 0 0 0 E+4 E+5 E+5 E+5 E+5 E+5
4 1.63 1.42 2.68 2.72 3.04 4.36 6.06
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
5 1.01 1.26 2.38 2.41 2.69 3.87 5.37
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
6 2.66 1.60 3.00 3.04 3.40 4.89 6.79
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
7 1.91 1.70 3.19 3.23 3.61 5.19 7.21
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
8 1.77 1.62 3.04 3.08 3.45 4.95 6.87
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
9 2.86 1.78 1.69 3.17 3.22 3.60 5.16 7.17
0 0 E-25 E-11 E+4 E+4 E+4 E+4 E+4 E+4
10 1.83 1.54 2.90 2.95 3.29 473 6.57
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
11 1.46 2.01 3.77 3.82 4.28 6.14 8.53
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
12 1.74 1.94 3.64 3.69 4.13 5.94 8.24
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
13 2.61 1.88 3.52 3.58 4.00 5.74 7.97
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
14 1.47 1.72 3.23 3.28 3.67 5.27 7.32
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
15 1.04 1.76 3.31 3.36 3.76 5.40 7.49
E-11 0 0 0 E+4 E+4 E+4 E+4 E+4 E+4
16 1.97 1.62 3.04 3.09 3.45 4.96 6.89
0 0 0 E-11 E+4 E+4 E+4 E+4 E+4 E+4
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Fig. 15 Frequency Plot using Micropolar Theory for GF Nylon Materials
(b) Using Micropolar Elasticity Theory:

Modal analysis was also done using Micropolar Elasticity Theory. As previously mentioned, considering MET causes the
addition of one more DOF (rotation about z-axis) at all the nodes, then the system have totally 15 DOF, of those, 4 DOF were fixed
as a result the no. of non-zero natural frequencies are 11. Here it is to be noted that the natural frequency corresponding rotational
DOF at node 1 will have a very less value but not zero. Table 7 gives the natural frequencies of different glass filled nylon materials.

Table 7 Natural frequencies of different glass filled nylon plate using MET

GF Natural Frequency (on)

Lﬂgt 1 2 314 1|5 6 7 8 9 10 11 12 13 14 15

1 2.7 12 (162|243 321|358 | 515 |6.99 | 3.27 | 5.17 | 6.54 | 8.96
E-1 (0 0 |0 |E3 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5

2 25 | 16 17 | 146|218 | 289|322 | 464 |6.29 | 294 | 465 | 5.89 | 8.06
E5|E8|0 |0 |E-3 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5

1.6

3 8.7 | TE- 32 | 178 | 266|351 392|564 765|358 566|716 |9.81
E-4 (12 |0 |0 |E-3 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E45 | E+5

4 6.6 26 | 123|183 |243 |270|390 |528 | 247 |391 |4.95 |6.77
E-4 |0 0 |0 |E3 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E45 | E+5 | E45

5 10 |13 TE- | 1.09 | 1.63 | 2.15 | 240 | 3.46 | 469 | 2.19 | 3.47 | 439 | 6.01
E-3 |E-8|0 [0 |10 E+4 | E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E45 | E+5 | E45

6 3.7 | 17 47 1138 | 206|272 |3.03|436 |592|277 |438 |554 | 759
E-4 |E3|0 |0 |E8 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5

7 42 |16 17 | 146|218 | 289|322 | 464 |6.29 | 294 | 465 | 5.89 | 8.06
E4 |E8|0 |0 |E-3 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5

8 6.0 | 3.8 20 | 139|208 | 275|307 |442 |599 | 281 | 444 | 561 | 7.68
E4 |E6|0 |0 |E-3 |E+4 | E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5

9 2.0 20 | 145|217 | 287 |3.20 | 461 | 6.25 | 2.93 | 463 | 5.85 | 8.02
0 E-3|0 |0 |E8 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E45 | E+5 | E45

10 3.8 21 133|199 |263 |293 |422 573|268 |424 |536 |7.34
E-8 |0 0 |0 |E3 |E+4 |E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E45 | E+5 | E45
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11 14 | 173|258 |341 |381|548 |7.44 |3.48 |550 | 6.96 | 9.53
0 0 0 |0 |E9 |E+4 |E+4 |E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E45 | E45
12 6E- | 1.67 | 2.50 | 3.30 | 3.68 | 5.30 | 7.19 | 3.36 | 5.32 | 6.73 | 9.21
0 0 0 |0 10 E+4 | E+4 | E+4 | E+4 | E+4 | E+4 | E+5 | E45 | E45 | E45
13 27 |31 19 | 162 | 242|319 | 356 | 513 | 6.95 | 3.25 | 5.15 | 6.51 | 8.91
E-3 |E4|0 |0 |E7 |E+4 |E+4 |E+4 | E+4 | E+4 | E+4 | E45 | E+5 | E45 | E45

1.2
14 2.2 | 2E- 9.6 | 148 | 222|293 |327 |471 638|299 |4.72|597 |8.18
E-4 |3 0 |O|ES5 |E+4 | E+4 |E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5
15 1.0 24 | 152|227 |3.00|334 482|653 |3.06 |4.83|6.12 | 837
0 E-7]10 |0 |E-3 |E+4 |E+4 |E+4 | E+4 |E+4 | E+4 | E+5 | E+5 | E+5 | E45
16 1.2 2.7 | 140|209 | 276 | 3.08 | 443 | 6.01 | 281 | 4.45 | 5.62 | 7.70
E3 |0 0 |0 |E4 |E+4 |E+4 |E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E45 | E45

21 |22
17 OE- | 4E- 12 | 159|238 |3.15|351|505]|6.85|321 507|641 |8.78
10 |7 0 |0 |E3 |E+4 | E+4 |E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E45 | E45
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Fig. 16 Natural Frequency using Micropolar Elasticity Theory for GF Nylon Materials
From Fig. 16, it is depicted that, the natural frequency (wis) is maximum for N6-G33L 33% GFR+ (GF Mat No. 03) ws
is minimum for Zytel (82G33L) (GF Mat No. 05). It can be noted that the natural frequencies obtained using MET were high when
compared to those obtained from CET
The natural frequencies of different carbon filled nylon plate obtained using MET were given in Table No. 8. Comparing
to the frequencies obtained for glass filled nylon plate, the frequencies of carbon filled nylon plate were very high, this was because
of the fact that the strength carbon filled nylon materials were high when compared to glass filled nylon materials.

Table 8 Natural frequencies of different carbon filled nylon plate using MET
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CF Natural Frequency (on)

Mat

No. |1 2 3 |4 5 6 7 8 9 10 11 12 13 14 15

1 24 9.30 |82 | 258 3.86 | 511 | 569 | 820 | 1.11 | 521 | 823 |1.04 |143
E-3]0 0 |E9 |E4 |EH4 E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+6 | E+6

5 24 9.29 |68 | 273 409 | 540 |6.02 | 868 | 118 | 551 |871 | 110 |151
E-3 |0 0 |E5 |E4 | EH4 E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+6 | E+6

3 25 | 213 2.53 | 2.40 358 | 473 | 528 | 7.60 | 1.03 | 4.83 | 7.63 | 9.65 | 1.32
E-4 |E8 |0 |0 E-3 | E+4 E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5 | E+6

4 6.04 | 2.38 | 2.47 3.69 | 487 | 543 | 7.83 | 1.06 | 4.97 | 7.86 | 9.94 | 1.36
0 0 0 |E9 |E3 |EH4 E+4 | E+4 | E+4 | E+4 | E+5 | E+5 | E+5 | E+5 | E+6

5 5.81 2.44 3.64 | 481 | 537 | 7.73 | 1.05 | 491 | 7.76 | 9.81 | 1.34
0 E-4 |0 |O 0 E+4 E+4 | E+4 | E+4 |E+4 | E+5 | E+5 | E+5 | E+5 | E+6

6 24 | 2.08 578 | 2.24 334 | 442 | 493 | 7.10 | 9.63 | 451 | 7.12 |9.01 |1.23
e-3 |e3 |0 |0 E-8 | E+4 E+4 | E+4 | E+4 |E+4 | E+4 | E+5 | E+5 | E+5 | E+6

7 9.2 1.02 | 332 | 231 3.46 | 457 | 510 | 7.34 | 995 | 466 | 7.37 |9.32 | 1.28
e4 |0 0 |E6 |E9 |E+4 E+4 | E+4 | E+4 |E+4 | E+4 | E+5 | E+5 | E+5 | E+6

8 1.1 8.15 | 4.06 | 1.17 174 | 230 | 257 | 3.70 | 5.02 | 235 | 3.71 | 470 | 6.43
E-9 |0 0 |E8 |e4 |EH4 E+4 | E+4 | E+4 |E+4 | E+4 | E+5 | E+5 | E+5 | E45

9 159 | 395 | 1.84 2.75 | 3.64 | 406 | 585 | 793 |3.71 | 587 | 742 |1.02
0 0 0 |E9 |E3 |E+H4 E+4 | E+4 | E+4 |E+4 | E+4 | E+5 | E+5 | E+5 | E+6
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Fig. 17 Natural Frequency using Micropolar Elasticity Theory for CF Nylon Materials

As shown in Fig 17, the natural frequency (®10) is maximum for Electrafil CF/30/TF13s12 (GF Mat No. 02)»10 is
minimum for RTP 299X51265F (GF Mat No. 08)

8. Conclusions:

In this paper, Eringen’s Micropolar elasticity theory, Classical Elasticity theory, the finite element method and the 2D 3-
node linear triangular element were used to develop FEM programs for analyzing a rectangular plate structure for different types of
glass filled and carbon filled nylon materials which are available commercially. Some of the important results are summarized as
follows:

(1) Although there is change in displacements for different types of materials, their corresponding structural Poisson’s ratio for the
deformed plate remains constant.
(2) It was found from the above results that the carbon filled nylon plate was having less value of strains when compared to glass

filled nylon materials in the case of both MET and CET.
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(3) From Fig. 4, 5, 7 and 8, which shows the variation of strains exx and eyy for both Micropolar and classical theory depicts that for

both types of nylon materials (i.e., GF and CF), the strains obtained using Micropolar theory are high than those of obtained from
classical theory, this is because of considering micro-rotations.

(4) A validation check was done using ANSY'S to validate strains obtained using CET shown in Fig. 10, 11, 12, 13 and it was
found to have an error percentage of 0.0619.

(5) Modal analysis was done assuming as un-damped free vibration using both CET and MET and for both glass filled and carbon
filled nylon plate, these results were been compared.

(6) Fig. 14 and 15 shows the natural frequencies for glass filled and carbon filled nylon plates respectively obtained using CET and
Fig. 16 and 17 shows the natural frequencies for glass filled and carbon filled nylon plates obtained using MET. In both the cases,
(7) From Table 5, 6, 7 and 8 it was found that frequencies obtained using MET was high compared to CET and also found that

carbon filled nylon plate was having high frequency than those of glass filled nylon plate.
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