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Key findings:

1.The equation and the static bucklingcalculationof the three-phase polymer orthotropic
composite plates have been established, which are subject to one-direction compression,
simultaneous compression in both directions and shear load. Determined the critical force
value of the three-phase polymer orthotropiccomposite plate in the case that all edges of
the plates are single supported and clamped. At the same time, the impact of factors such
as the load, parameters and material composition ratio, geometric dimensions on the static
buckling of three-phase polymer composite plates was assessed.

2. The equation and the dynamic bucklingcalculationof three-phase polymer composite
panels with hydrodynamic load have been established in two cases thatall edges of the
plates are single supported and clamped. Assessed the influence of factors such as: layout
to layers, geometric dimensions, ship speed, initial shape imperfection, material
composition on dynamic buckling of three-phase polymer composite panels. Investigated
the effect of geometric dimensions, the ratio of particles and fibers composition to the
vibration frequency of a three-phase composite panel. Determined the critical force value,
critical speed of three-phase composite panel under hydrodynamic load.

3. Constructed method of buckling calculationof hydrofoil lift wings by analytical method
based on design criteria of hydrofoil structure. Determined the permissible stable bending
stress, permissible bending moment of the wing. From that, determined the geometric
dimension of the wings that met the design criteria of hydrofoil structure.

4. During the implementation of the thesis, successfully tested three-phase polymer
composite materials (polymer matrix, fibers, particles) and experimentally determined the
elastic modules of the material. The results showed that three-phase composite has
superior advantages compared to two-phase composite with only substrate and fiber.

Since then, th_is result is suggested using to study static and dynamic buckling of three-
phase composite structures in reality.
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INTRODUCTION
1. Reason for topic selection

In actual shipbuilding of composite materials, for waterproofing, increase in
surface hardness against hull erosion and hard-to-burn materials, domestic shipyards
have been added to the polymer matrix TiO: particles or Firegard B flame retardant.
Thus, the actual composite material will be three phases: polymer matrix, fibers and
particles. However, they have only been tested and no research has been done on them.

Currently, domestic shipyards are in need of researching and manufacturing
hydrofoil boat made of composite materials. Lifting wings are components made from
large and complex loading plates. Their instability will lead to a decrease in lift, and
thus obscure the main role of the wings (instability of the entire ship).

Therefore, the topic "‘Buckling study of three-phase composite plate used in
shipbuilding fabrication™" of the thesis is an urgent issue of scientific and practical significance..
2. Study objectives
- Determine the static buckling of the three-phase composite plates under the impact of
mechanical loads.

- Determine the dynamic buckling of three-phase composite panel under the impact of
hydrodynamic load.
3. Study subject and scope

Three-phase composite plates and panels (polymer matrix based on TiO>
particles and fiberglass) are the ship shell and hydrofoil cover, respectively. The scope
of the study is static (of three-phase orthotropic plates in three cases: two-directional
compression; one-directional compression and shear load) and dynamic buckling.

4. Study Methodology

- The thesis use thin plate theory, Bubnov-Galerkin and Runge-Kutta methods to set
up and solve mechanical equations with analytic solutions. The calculation results are
compared with the results obtained by other authors and with the Ansys software
commonly used today to check the accuracy of the thesis.

- Making samples, experimenting to determine the three-phase composite material
coefficients at the Laboratory of Institute of Ship Research and Development.

5. Scientific and practical significance of the topic

The formulas are explicitly expressed through the material and geometric properties
of the plate, from which we can change such parameters to select the appropriate plate for
technical requirement satisfaction. The study results will provide the scientific basis for the
behavior of three-phase composite materials and the basic equations for stability study of
the three-phase plate are practical significant problems in shipbuilding industry.

6. Thesis structure

The thesis includes: introduction, four chapters, conclusion and
recommendations, list of the author's study works related to the thesis content,
references and appendices.



CHAPTER I: OVERVIEW OF FIELD OF STUDY

Presenting research results domestically and internationally on three-phase
composite, static and dynamic stabilization of composite plates. From the published works,
practical requirements and open directions mentioned, the fellow focuses on studying:
- Determining the elastic modulus of a three-phase composite subject to the parameters
and ratio of component materials.
- Studying the static buckling of the three-phase orthotropic plates (shell, deck, etc.)
subjected two-directional compression, one-directional compression and shear load
(referred to as mechanical load).

- Studying the dynamic buckling of three-phase composite panel for hydrofoil cover.
CHAPTER Il: DETERMINATION OF ELASTIC MODULUS OF
THREE-PHASE COMPOSITE

There are two main methods of determining elastic modulus of materials:
experiment and analysis. The advantage of the experimental method is precisely
determining the elastic modulus of the composite, but three-phase composite is a
multi-component material, the experiment does not reflect the influence of the
component material phases on mechanical properties of composite.

2.1. Determine elastic coefficients of three-phase composite
2.1.1. Three-phase composite model of fibers and reinforced particles

It is assumed that each layer of the plate is a
unidirectional fiber-reinforced three-phase composite,
then the three-phase polymer composite model is
shown in Figure 2.1. The problem for three-phase
composite materials is how to calculate the elastic

coefficients of the material, and at the same time h Figure 2.1.Three-phase
express it through mechanical-physical parameters and composite model with
geometric distribution of the component materials. reinforced fiber and particles.

2.1.2. The calculation model for determination of the elastic coefficients of three-
phase composite materials

Three-phase composite has been proposed to research and solve scientific
problems posed by the methods in [13,97], that is solved step by step in a two-phase
model from the perspective described by the formula:

1Dm = Om +1D (2.1)

The first step: considering two-phase composite including: the initial matrix and the fill
particles, such composite is considered homogeneous, isotropic and has 2 elastic coefficients.
The elastic coefficients of the Om composite are now called the assumed composite.

The second step: determining the elastic coefficients of the composite between
the assumed matrix and the reinforced fibers.
2.1.3. Determine the elastic coefficients of the material

It is assumed the components of the composite (matrix, fiber, particle) are homogeneous and
2



isotropic, then we will denote Em, Gm, vm, Wm; Ea, Ga, Va, Va; Ec, Gc, ve, e are the elastic
modulus, poisson coefficient and component proportion (by volume) of matrix, fiber and
particles. According to [120], elastic modulus of assumed composite is as follows:

1-w (7-5v H _ 1+4y G LB3K )*
— 0 V/C( Vm) — m + l/lc m ( m)_l (22_23)
1+, (8-10v, )H 1-4y, G, L(3K,)
Véi: L:_Kc—4'ém ‘H-— GulG-1 5
K, + 8—-10v, +(7 —5vm)c (2.4)
G, =—2— v6ii= m,ac; E,viscalculated from K,G as follows:
2(1+vi) _
£ 9KG - _3K-26G
3K+G 6K - 2G (2.5)

G, K : Sliding elastic module and block module of the assumed matrix
We have selected the unidirectional fiber-reinforced three-phase composite elastic modulus
according to the formulas of G.S Vanin [119] with 6 independent coefficients as follows:
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2.2. Numeric calculations and experiment
2.2.1. Numeric calculations
Considering the influence of fibers and particles on the physical and mechanical
properties of the three-phase composite according to the above algorithm, the three-

phase composite materials with the characteristics in Table 2.1 are considered:
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Table 2.1: Specifications of composite component materials

AKA polyester matrix (Viet Nam) Em=1.43 vm=0.345
Fiberglass (Korea) Ea=22.0 va=0.24
TiO: particles (Australia) Ec =5.58 v¢=0.20

Replace the values in Table 2.1 into the formulas (2.2) + (2.6) to determine the
elastic coefficients of three-phase composite materials as shown in figures 2.2+ 2.4,

Eiu E;, (GPa)
Relationship E,; with v, (y.=0.2)

Vv

s Reiatlonshlp E,, with v, (y.=0.2)
Va (%)
0 0.1 0.2 0.3 0.4

O FP NWMAOUITO N O

12 Gy, Gy3 (GPa)
' Relationship G,, with vy, (y,=0.2)

) _‘/,_/-/7"
0.8 e

y“"’)"‘/R'e‘lationship Gos With v, (y,=0.2)

0.6
0.4
0.2
0 . . . Va (%)
0 0.1 0.2 0.3 0.4

Figure 2.2. Graph of relationship between
E11, Exzand ya

Figure 2.3. Graph of relationship between
G12, Gazand ya

2.2.2. Experiment

Experiment aims to verify the
theoretical results just found. Component
materials for specimen manufacturing are
as shown in Table 2.1. 4 combinations of
specifications for specimen
manufacturing: 1) 20% TiO, + 15%
Fibers; 2) 20% TiO. + 20% Fibers; 3)
20% TiO2 + 25% Fibers; 4) 20% TiO, +
30% Fibers.

Va1
045 5

0.4 5
0.35
0.3
0.25
0.2
0.15
0.1
0.05 +
0 - . . : v, (%)
0 0.1 0.2 0.3 0.4

Relationship v, with v, (y.=0.2)

Relationship v, with y, (y.=0.2)

Tension specimen is processed according
to BS EN ISO 527-4: 1997 with bxh =
10x3 +4mm as shown in Figure 2.5.

Figure 2.5. Prepare test specimens

Figure 2.4. Graph of relations between v21, v23
and ya

Figure 2.6. HOUNSFEILDH50K-S tester

The tester is a HOUNSFEILDH 50K-S, a maximum load capacity of 50000N,

force and elongation accuracy of + 0.5% and £ 0.05% respectively as shown in Figure 2.6.
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The theoretical calculation results according to the formula (2.2) - (2.6)
compared with the experiment [18] are presented in Table 2.3.
Table 2.3: Comparison between theory and experiment in the presence of 20% TiO..

. Result (MPa)

Three-phase composite ExL =
209%TiO, + 15%W800 Ex_lp_)s riment 238‘112 ggggg

+ 65% resin AKA eory : :
Error 5.71% 4.98%

. Expei 20.1 .
20%TiO; + 20%W800 prE riment 2382 5 2322 ;

+60% resin AKA eory : :
Error 2.87% 8.19%
20%TiO, + 25%W800 EXTpf] riment g%gg zéggi

+ 55% resin AKA eory : :
Error 3.14% 6.91%

. Experi 258.4 .
20%TiO, + 30%W800 st riment 3722 : ggg:j

+50% resin AKA eory : :
Error 19.58% 13.76%

In addition, there are theoretical and experimental results with resin 9509 as follows:
Table 2.4: Parameters of composite component materials.

Polyester resin 9509 (Malaysia) En=150 vm=0.34
Fiberglass E (China) Ea=25.0 va=0.24
TiO2 particles (Australia) Ec. =5.58 v¢=0.20
Table 2.5: Comparison between theory and experiment in the presence of 5% TiO..
. Result (MPa)
Three-ph t
ree-phase composite = =
5% TiO; + 25%W800 + EXTpﬁ riment ;22?2 ggggg
70% resin 9509 cory ' :
Error 7.30% 5.01%
: Experi 104.7 2695.4
596TiO, + 30%W800 + XTpf]”me”t 2529 ; 2222 :
65% resin 9509 cory ' '
Error 6.75% 3.93%
5%TiO; + 40%6W800 + Exfﬁ riment Egg:'i ‘?’3232
55% resin 9509 cory : '
Error 4.89% 5.10%

Tables 2.3 and 2.5 show that: - In the actual construction of composite materials, the
good ratio between reinforcement and matrix is about 45% + 55%, combining research
results showing a good fit between the results theoretically and experimentally.
- The effect of fibers on the mechanical properties of the material is better than that of TiO. particles.
The obtained results allow us to be confident when using the formula for calculating
elastic coefficients of materials and algorithms mentioned above.
2.3. Chapter 2 conclusion.

The thesis has solved: determinate elastic modules for three-phase composite,
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depending on the parameters and the ratio of component materials. The advantage of
this method is that it is possible to calculate and predict the values of the elastic module,
which is the basis of the new material optimization design.

CHAPTER I11: STATIC BUCKLING OF THREE-PHASE
COMPOSITE PLATES IMPACTED BY MECHANICAL LOAD

In fact shipbuilding composite materials, when added to the polymer matrix of
fire-retardant additive particles, or TiO2 particles to increase surface hardness and
prevent hull erosion, the sheet's mechanical properties will change [18]. Therefore,
upon the considerable change in mechanical properties of composite plates, load
bearing capacity and stability of the structure will be impacted.

In this section, explanation on static stability of three-phase composite plates under
the impact of mechanical load will be shown for the specific case where the third phase is
TiOz particle; it is also the general method upon replacing this phase with another filler.
3.1.. Stability classification and stability criteria
3.1.1. Stability classification
- Type | buckling is case where the critical load is achieved at bifurcation point.

- Type Il buckling is the case where the critical load is achieved at the extreme point of
the load deflection curve.
3.1.2. Stability criteria

To study static stability of the elastic system, criteria: motion, statics and energy
can be used.....The thesis uses static criterion to study the static stability problem.
3.2. Fundamental equation of static stability

From documents [20, 25, 26, 70, 71] and design manual [49], and their practical
application widely used; in addition, most of the composite materials used in the
industry of shipbuilding in Vietnam are currently of orthotropic configuration, the
fellow selects orthotropic plates as the basis for building static buckling equation for
three-phase composite plates.

The equation of buckling of orthotropic plates is:
0*wy, *wy *w,

Dy1—— It +2(D12+2D66) Zayz DZZW (3,29
02w, %w, 0%w, '
_Nx62+2nyaa Nyaz+q

3.2.1. Buckling of three-phase orthotropic plates subjected two-directional
compression
According to (3.23), the governing equation for the buckling of the orthotropic
rectangular plate simply supported on four sides and subject to uniform compression with
the corresponding forces of Nx=-No and Ny= -BNo, without horizontal load becomes:
4 4 4 2 2
Diy o+ 2D 4 2D0) 5 5y 4 D = Mo = N T (320




02w 92w

Boundary conditions: - x =0and x =a: wo = 0; M, = —Dy; — —-— Dy, 6y2° =0

6 Wo 62W0

-Whenyzoandy:bw():(),My DlZaZ Dzzaz_o

Put wy(x,y) = A,y Sin % sin n% into (3.24) for the solution No depending on a, e, a/b
and e, respectively the volume ratio of fiber, particle and geometric dimensions of plates:

No = Nepaweaspe)

2 4 e’ 2.,2p2 Ez2 4p4
— 6 Eq11
a?(m? + fn?R?)
3

Where: P1 = (RQ — ]_)a' = (@— 1)0.’ va PZ — _L_

E11 12 1-v%,Rg 12T2§22

Equation (3.27) is the equation with the variables: ya, yc, alb and e used to study the
buckling of three-phase orthotropic plates subjected simultaneous two-directional
compression.

The critical force corresponds to the values of m and n making No smallest. With

m=n=1, the expression (3.27) becomes:
72 [(Py+ DP +2 (vir Py + S 6o ) R + (22— Py ) P,RY]
a’(1+ BR?)
3.2.2. Buckling of three-phase orthotropic plates subjected one-directional
compression
Considering one orthotropic rectangular plate, simply supported on four sides

(boundary conditions are as in section 3.2.1) and compressed in x direction, then =0
and (3.27) become:

NO = N(‘l’aﬂpc'a/b'e)
2 4 e’ 2.,2p2 Ezz 4p4
6 E11

63 Ell

m?a?
The equation (3.29) is the equation with the variables: ya,, wc, a/b and e used to study
the buckling of three-phase orthotropic plates subjected one-directional compression.
1/4
The smallest value of No correspondington=1at R = [m(m + 1)]*/? (ﬂ> IS:

ﬂ_pl

Nth(m, 1) ,
E.
n2 (P + D)Pym* + 2 (var Py + S Gyp ) m?R? + (2

11

- Pl) P2R4] (3.30)

B m?a?
3.2.3. Buckling of three-phase orthotropic plates subjected shear load

Considering one orthotropic plate of axb dimensions, clamped on four sides,
subjected uniform shear load by Nxy force.

Boundary conditions:- Whenx=0andx=a: w, =0; ax =0

aWO

-Wheny=0andy=b: wy,=0; —y—O



Combining [119, 120], [27] and [56, 114], St critical load of the three-phase polymer
composite plate depends on va, yc, a/b and e as follows:

4 3
k2 \/ (P, + 1P, [(iij - Pl) P2] (3.33)

Stn =N (Yawpeme) — b2

Where: The shear buckling parameter ks is determined from [68]

E
\/(P1+1)P2(E_i:2[—P1)P2 . b a (P1+1)P2
WaPc.e) e3 ’ a e Epp
V21P245G12 (Wavese) ~a |(Fz-r)r

The equation (3.33) used to study the buckling of three-phase orthotropic plates
subjected shear load.

3.3. Survey of buckling of three-phase composite plates subjected mechanical load
Survey of three-phase composite plates of axb dimensions, the order of layers noted
7(90/0)=[90/0/90/0/90/0/90] and 7(0/90)=[0/90/0/90/0/90/0], plates are composed of
the following: AKA matrix: Em = 1.43 GPa, v, =0.345; Fiberglass: E. = 22.0 GPa
v, =0.24; TiO, particles: Ec = 5.58 Gpa, v, =0.20 (3.34)
3.3.1. Buckling of three-phase orthotropic plates subjected two-directional
compression

Replace the values (3.34) into the formula (3.28) to have results shown in the following figures:

3.3.1.1. Effect of fiber, particle ratio on critical force of plates subjected two-
directional compression:

y=0.2, B=1,b=0.4, R=2 ,m=n=1 v,=0.2, =1, b=0.4, R=2 ,m=n=1
2500 1650
e
e 7
2000 Z 1600 -
7 e
~
2 1550 =
= 1500 z £ ="
2 // 2 1500 F——
s P =
Z 1000 z
/ 1450
500 — 1400
| — — — - [Tam1ép 7 (90/0) — — —  [Tam6p 7 (90/0)
[Tam 16p 7 (0/90) [Tém 16p 7 (0/90)
0 1350
0 0.1 0.2 03 0.4 0.5a(%) 0 0.1 0.2 0.3 0.4 0.5v(%)
Figure3.4. Effect of fiber ratio on critical force of Figure3.5. Effect of particle ratio on critical force
plates subjected two-directional compression. of plates subjected two-directional compression.

- When the fiber and particle ratio increase, the two-directional compression resistance
of plates goes up. The orthotropic plate has a 25% fiber + 20% particle ratio, which is
12% better stable than the orthotropic plate with 20% fiber + 25% particle.

- Layer placement sequence impacts the buckling of plates; the value between two
plates differs from 5+8% (plate 7(90/0) has better bearing capacity than plate 7(0/90)).



3.3.1.2. Effect of coefficient R=a/b, e on the critical force of plates subjected
simultaneous two-directional compression.

- Orthotropic plates have an increase in geometric ratio 2 times and replace 5% of fiber
with 5% of particles (then the proportion of fiber is 20%), the ability to withstand
critical force decreases by 44%. Show that 20% of the fiber is not a reasonable
proportion (must be greater than 20%) of the composite plate in force-bearing.

- Orthotropic plates have a ratio of 40% fiber + 20% particle, when the thickness
varies from 2.5 = 5.5mm and if replacing 5% fiber with 5% particle, the stability of the
plate will decrease by 11 + 12%.

ve=0.2, y,=0.4, p=1, b=0.4,m=n=1 v =0.2, y,=0.4, =1, b=0.4, R=2, m=n=1
4000 10000\ ————F7%m 16p 5 (90/0)=11(90/0)
\ 9000 [Tam 16p 5 (0/90)+11(0/90)
3500 /,
\ 8000 //
3000 /
\\ 7000 /'
o B0 - = 6000 //
% 2000 == 2 5000 J/
Z s0 Z 4000 / /
Vi
3000 7
1000 2000 2
500 r—
— — — - [Tam l6p 7 (90/0) 1000
0 [Tém 1?; 7(0/90) Realb 0 — e(m)
0 2 4 6 8 10 0 0.001 0.002 0.003 0.004 0.005 0.006
Figure 3.6. Effect of Ron the critical force of plates Figure 3.7. Effect of thickness e on the critical force
subjected two-directional compression. of plates subjected two-directional compression.
3.3.2. Buckling of three-phase orthotropic plates subjected one-directional
compression

Replace the values (3.34) into the formula (3.30) to have results shown in the following figures:
3.3.2.1. Effect of fiber, particle ratio on critical force of plates subjected one-
directional compression.

- When the fiber and particle ratio increase, the one-directional compression resistance
of plates goes up; the effect of fiber on the plate's buckling is better than particle's.

y=0.2, =0, b=0.4, m=n=1 ¥,=0.2, B=0, b=0.4, m=n=1
10000 F===—="TT4m 6p 7 (90/0) 5900
9000 [Tam 16p 7.(0/90) 5850 /
/
8000 // 5800 7
7000 5750 Y /
£ 6000 / £ 5700 7
2 5000 / £ 5650 Z
£ 4000 Z 5600 %
3000 5550 2,
~
2000 5500 ———
1000 5450 f [TanTi6p 79070y
0 ) 5400 | [Tam 16p 7 (0/90) (%)
0 01 02 03 0.4 05 0 0.1 02 03 0.4 05
Figure 3.8. Effect of fiber ratio on critical force Figure 3.9. Effect of particle ratio on critical force
of plates bearing one-directional compression. of plates bearing one-directional compression.




- Orthotropic plates with a ratio of 25% fiber + 20% particles have a better stability of
13% compared to the orthotropic plate with a ratio of 20% fiber + 25% particles
subjected to compression in one direction.

3.3.2.2. Effect of coefficient R=a/b, e on the critical force of plates subjected one-
directional compression
- Orthotropic plates have an increase in geometric ratio of 2.5 times (R = 2.5), stability

decreases by 10% when compressing in one direction.

Nth (N/m)

v,=02, y,=0.4, B=0, b=0.4,m=1+5n=1

- [Tam 16p 7 (90/0) |
[T&m 16p 7 (0/90)

\

8

R=a/b

Figure 3.10. Effect of R=a/b on the critical force
of plates subjected one-directional compression
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0

=02, y,=0.4, p=0, b=0.4,m=n=1

[Tam 16p 5 (90/0)=11(30/0)

/

[Tam I6p 5 (0/90)+11(0/90

/

/

e

0

0.001 0.002 0.003 0.004 0.005

e(m)

0.006

Figure 3.11. Effect of e on the critical force of
plates subiected one-directional compression.

- When the thickness is changed from 2.5 + 5.5mm, if replacing 5% of fiber with 5%
of particles (then the fiber ratio is 20%), the stability of sheet will decrease 8 + 12%.
Thus, the geometric ratio plays an important role in bearing force and ensures the
stability of the sheet when compressing in one direction.

3.3.3. Buckling of three-phase orthotropic plates subjected shear load
Replace the values (3.34) into the formula (3.33) to have results shown in the following figures:
3.3.3.1.Effect of fiber, particle ratio on critical force of plates subjected shear load.
- The shear strength of plates having the component (yz=0.4, y=0.2) is (1.48 + 1.51)
times higher than the shear strength of the component (ya=0.2, yc=0.4).

25,000
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Nxy(cr) (N/m)
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0
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0 0.1 0.2 0.3 0.4

of plates bearing shear load.
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Figure 3.12. Effect of fiber ratio on critical force
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Figure 3.13. Effect of particle ratio on critical
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- Orthotropic plates with 25% fiber + 20% particles ratio have better stability 12.6%
compared to the orthotropic plate with 20% fiber + 25% particles under shear load. As
such, the fiber ratio plays an important role in force-bearing and ensures the stability
of the sheet under shearing.

3.3.3.2. Effect of R = a /b, e on the critical force of plates subjected shear load.

y:=0.2, y,=0.4, b=0.4 v:=0.2, y,=0.4, a=0.8, b=0.4
30,000 90000 == —="[T4m 16p 5 (90/0)+11(%010)
80000 [Tam 16p 5 (0/90)+11(0/90) /
25,000 //
AN 70000 y
N //
2 20000 NS T z 60000 /
2 Z 50000
~ 15,000 = /
A < 40000
2 g /
Z 10,000 Z 30000 /
20000
5,000 /
_—— [Tém 16p 7 (90/0) 10000
o [T4m 16p 7 (0/90) R=alb 0 / e(m)
0 1 2 3 4 5 6 0 0.002 0.004 0.006
Figure 3.14. Effect of R=a/b on the critical force Figure 3.15. Effect of e on the critical force of
of plates subjected shear load. plates subjected shear load.

-When the R coefficient increases, the critical force of plates subjected shear load decreases,
rapidly at first then slowly. R increases from 1.25 + 2.5 times, S decreases by 0.77 time.
- Orthotropic plates have an increase in geometric ratio 2 times and replace 5% of fiber with
5% of particles (then the proportion of fiber is 20%), the stability is reduced by 37%.
3.3.4. Comparison of thesis findings with other studies

In two cases: simultaneous compression in two and one directions, the results
were similar to those of Leissa [68].
3.4. Chapter 3 conclusion.
- Equations (3.28), (3.30) and (3.33) are established for the buckling analysis of
three-phase orthotropic plates subjected mechanical load.
- Buckling of three-phase orthotropic plates bearing mechanical load is surveyed.
Effect of material parameter and component ratio of fiber, particle, geometric
dimensions of plates, and configure on buckling of plates is also determined.

CHAPTER IV:
DYNAMIC BUCKLING OF THREE-PHASE COMPELITE PANELS
Wing calculation model is shown in Figure 4.1.b. Thus, it can be seen that the
most difficult problem is the foil buckling when hardened to the two central struts.
Firstly, to solve the problem, it is necessary to define the permitted limits for
the hydrofoil to ensure buckling in the modes when operation. The following are some
of the buckling standards to be considered for the object of study.
4.1. Buckling standard
4.1.1. Budiansky-Roth standard
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Under the effect of dynamic load, the system's displacement response over time has
increasing amplitude, in which the system is not stable in case of sudden increase of amplitude.
Values corresponding to the time when the amplitude increases suddenly are called critical values.

Figure 4.1.b. Arrangement of lifting
foils to the hydrofoil ship shell.

4.1.2. Hydrofoil shipstructural design standard [81]
4.1.2.1. The method of determining allowable bending buckling stresses and moments

According to [81] allowable bending buckling stress and allowable bending
moment of foil and struts is determined.
4.1.2.2. Determination of the hydrofoil size from the buckling standard.

e For aluminum foils.

It is assumed that the hydrofoil is made of aluminum material 5456 with:

och=19(Ksi) and E=10300(Ksi). The foil of NACA 16-018 with c=4(ft), shell thickness
t=%2(inches) and an unsupported panel width b=305.3(mm) is chosen. Then b/t=24,
according to [81], the shape and size of the foil are satisfied the allowable bending
buckling stress and allowable bending moment as shown in Figure 4.5.
From the dynamic parameters of the c=1219.2
foil [140], and according to R ‘
[48,81,143], the lifting force acting on
the foil is determined:

74—=305.3

1 i octi ]
I = EPCLSVZ (4.4) Figure 4.5. Crosis sec.tlc?n of NACA 16
The maximum bending moment 018 foil satisfies (*)
appears in fixed ends:
w'l?
Mmax = — (4.5)

12

Replace the values in (4.5): Mmax = 155144< Mc¢p = 206026.5(N.m) (Satisfied) (**)
Maximum deflection of foil at position between two clamped edges:

_ow't
fmax - 384E]y (46)
2
Replace the values in (4.6) and combine (*): fmax:0-0013<ﬂ29:3§45€fl -
y.cp

0.0019 (m)® (satisfied) (***).
12



Maximum bending stress generated on the skin layer of the foil:
Mmax

Omax = Tz (4.7)
In which: z = h/2=0.11(m): at the skin layer on the foil;
Replace the values in (4.7): omax = 79.45< o¢r =
118.04(MPa) (satisfied) (****).
Comment: Combine (**), (***) and (****), the foil
with cross section as shown in Figure 4.5 satisfies
static buckling with distance of two maximum
clamped edges of 2 (m).
e For composite foils.

The above-mentioned aluminum foil is changed into Figure 4.9. The quasi-
composite material according to the following Isotropic materials
equivalent model: [139].
- The hydrodynamic size and shape (outside) are the same;
- Values such as: The maximum
bending moment, the maximum
deflection of the foil, the maximum
bending stress generated on the
skin layer of the foil are within the
above-mentioned permitted limits. Figure 4.10. Cross section of composite foil is
These two models are equivalent equivalent to aluminum foil.
when the hardness value of the
aluminum foil model is equal to the hardness of the composite foil model, that is:
Ealdal = EcJc. On the other hand, to ensure strength in all directions, here will take the
value of strength and hardness in the direction of 45° to calculate [18]. Or the layers of
fiber are arranged in the order as shown in Figure (4.9): The quasi-isotropic materials.
Gradually adjust the foil size and reinforcement ribs, select a foil with a cross section
with inertial moment that suitable with the expected value. From the explanation on
the composite foil, the size as shown in Figure 4.10 is equivalent to the aluminum foil.
4.1.2.3. Determination of the allowable deflection from the buckling standard.

Similar 4.1.2.2, it is necessary to collect statistical data on the allowable
deflection of NACA 16-018 foil made of aluminum 5456 with ¢ = 1 = 7 (ft). On the
other hand, replace (4.7) into (4.6) we have:

12 Ocr
= —— 4.8
fev 32E z (4.8)

By the least square method, the curves and regression functions of the
functional relationship between f., and variables ¢ and o, can be set.
Table 4.6: Regression equation for the allowable deflection of the foil.
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Regression functions
Equation Realibility
01 | Foil chord length ¢ = 2(ft) y = 3.208236226.10"5x | R? = 0.999
02 | Foil chord length ¢ = 3(ft) y = 2.138850140.10°x R?> = 0.999

No Parameter of foil

03 | Foil chord lengthc = 4(ft) y = 1.600151054.1075x | R* = 0.999
04 | Foil chord length ¢ = 5(ft) y = 1.283388059.10"°x | R? = 0.999
05 | Foil chord lengthc = 6(ft) y = 1.069412075.10°x | R?* = 0.999

06 | Foil chord length ¢ = 7(ft) y =9.166389217 .10 °x | R? = 0.999
From the collected data, the regression curves are shown in Figure 4.12:

Comment: - The results show that it is easy to determine the allowable deflection
value through the regression function.

- The values obtained in figure 4.12 are the standard for evaluating the buckling of hydrofoil.
0.005

0.004
0.003 X c=2(ft)
0.002 X c=3(ft)

& c=4(ft)
0.001 % m c=5(ft)
c=6(ft)

0 T T 1
5 9cr (MPa)
: g
2 2

fp (M)

Figure 4.12. Regression curve for allowable deflection of the foil.
- The deflection is proportional to the square of the distance of two struts (the value in
Figure 4.12 is built with the distance of two struts [ = 2(m)).
4.2. Dynamic buckling equation of three-
phase composite panel under the impact of
hydrodynamic load.

Considering the three-phase composite b
panel is the shell of the lifting foil sized and
subjected to the hydrodynamic load: the lifting
force g1 and the drag gz shown in Figure 4.14.  Fjgure 4.14. Shape and coordinate
The classical shell theory is here used to system of three-phase composite
establish the governing equation and determine panel on elastic foundation.
the nonlinear response of the composite panel.

The nonlinear equation of motion of the composite panel is based on classical
plate theory ([27], [91], [105]), combining the Volmir hypothesis (Volmir 1972)
u <<W,V<<W,p1@—>0,pla—2\2/—>0

ot ot , we have:
N,,+N,, =0, (4.22a)
Ny +N,, =0, (4.22b)
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M, t2M +M +Nw, +2N w, +Nw,

X, XX XY, Xy
2
+Q, + 0, KW+ K, Vw4 % = pliT\gv (4.220)
In which: p1 = ph with p = 1550 (kg/m®) is the density of the composite panel and g,
g2 is determined according to the formula (4.4) which coefficients are C. = 0.86 and
Cx =0.03 [48, 81, 143].
For imperfect composite panels, equation (4.25) is given into:
Bf ot P Ty +PW, o, +PW, o +RW, +BW o +PwW,
+ I:)BW,xxyy + P9W,xxxy + PlOnyyy + f,yy(W,xx +fox)_2 f,xy(wxy +W:<y)
ow
atZ
Where: w'(x,y) is function representing for imperfection of the panel's original shape
4.2.1. In case of all edges of simply supported panel

Considering the simplysupported panel, subjected lifting force qi, the drag g2
and axial compressive forces Px and Py. So the boundary conditions are:
W = Nyxy = Mx=0, Nx=-Pxh atx =0, a
W=Nxy=My=0,Ny=-Pyhaty=0,b
The approximate solution of wand f satisfying the boundary condition (4.33) has the
form [91]:
(w,w*):(W,,uh)sin}tmxsin Sy (4.34a)
f =A,cos2A,x + A, cos 26,y + A3 sin A, x sin &,y
+A, cos A, x cos 8,y — %thy2 — %Pyhx2
A, =mzxla o, =nz/b, W :amplitude of deflection and x : is an imperfect parameter.
Replace equation (4.34a, 4.34b) into equation (4.28) and apply the Galerkin method,
we have the equation result:

(4.28)

* N
+ f,xx(W,yy + WW)+ g, +0, —k1W+ szZW_I_Fy =p

(4.33)

(4.34b)

[ (RF, —F ), (FyFy — F1F3) S44p (FFy — F1F3) 2 62_
1 FZZ_F12 m 2 F22_F12 n 3 F22_F12 mn
ab (FF3 — FFy) (F,F5 — F1F,)
- -P, 3 . + PoAp, + Py 6 + PgA2,62 (W
(FFy — F1F3) 25,

_ “ oz gk ket o) _

2 1 1 1 &y
~BAnn (P + Pog) — i | WOV o+ 2um) (4.36)

—@< ! 5+ ! Ak >W(W + uh)(W + 2uh)
64\A5, " AL
ngm&lW(W + ph) + abh (P22, + P,62)(W + uh)
F? — F? 4
4(q1 +q) 4h B, abp, 0*W
Ambn  AmOy R 4 0t2
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Where: m and n are odd numbers. (4.36) is the governing equation for the nonlinear
dynamic response of a three-phase composite panel (all edges simply supported)
subjected the impact of hydrodynamic loads.
From (4.36), the oscillation frequency of the perfect panel (1 = 0) is determined as:
TR (4.37)
P1

4.2.2. In case of four clamped edges

Considering the clamped edges panel, subjected lifting force gz, the drag g. and
axial compressive forces Px and Py. So the boundary conditions are:
w = 0w/0x=Nyxy =0, Nx=-Pxh atx=0, a
w = 0w/0y=Nxy =0, Ny=-Pyhaty=0,b
The approximate solution of wand f satisfies the boundary condition (4.38) has the

(‘)mn

(4.38)

form:
(w,w*) = (W, uh)(1 — cos 21,,x)(1 — cos 28,,y) (4.39a)
f =0Qicos24,x + Q,cos 28,y + Q3 cos4d,, y + Q, cos 24,,x cos 26, y

+ Qs cos 21,,x cos 48, y+Qg4 cos 44,,x cos 26, y 4.39h
] (4.39b)
+ Q, cos 44, x + Qg sin 2A,,x sin 26,y — Ethy2 — EPyhx2
A, =mzxla,s =nx/b,W:amplitude of deflection and x: is an imperfect parameter.

Replace equation (4.39a, 4.39b) into equation (4.28) and apply the Galerkin
method, we have the equation result (Appendix E):

Fo+FyF,)

——ab 824, 22 P, + 425, T2 p, 4 gt Pz p) 4 454
Azz 1—F Al Fi-F,

4% 52P; — 1225, Py — 1265 P, — 412,62Pg + 2.25k, + 3k,A3, +
4 4
3k, 82| W — dabaz,s2 [FRESi oy (B i)] W(W + 2uh) +
F1-F, A,
Biz 4 Bay | (FiFetFpFy) _ab
A1y A + F1-F; ] WW + uh) [17 A11
161464 53 16/1m6n
205, A%, +8A% 52 E1 +328 % A%, A, 3244, A5, +8A%,82E 4264 A%

322 5""1] W (W + 2uh)(W + ph) + 3abh(A2,P, + 62P,)(W + uh) +

ab(F1 F. )
62

(Ch +qz — P_) ab = abp, 912

P2_

8507 [ 2 + (4.41)

Where: m and n are odd numbers. (4.41) is the governing equation for the nonlinear
dynamic response of a three-phase composite panel (all edges clamped) subjected the
impact of hydrodynamic loads.
From (4.41), the oscillation frequency of the perfect panel (i = 0) is determined as:
_ |- bt ba) (4.42)
P1

4.3. Testing the reliability of the calculation program.

The thesis's calculation program is built in a Matlab environment called

wmn
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Buckling of Panel. The author has used this program to calculate and compare with the
Ansys software and [27]. Input parameters: The panel size: axbxt=1x0.31x0.02m
(Figure 4.10); Order of layering: [0/90/0/90/90/0/90/0]sva[90/0/45/-45/-45/45/0/90]s;
E11=31.009(GPa), E22=E33=6.016(GPa), v12=v13=0.3, v23=0.43, G1,=G13=1.985(GPa),
G23=1.966(GPa), load P, = 387860(Pa)

4.3.1.In case of orthotropic plates [0/90/0/90/90/0/90/0]s

Table 4.8. The comparison result for the reliability testing of calculation program with
the orthotropic plates

Maximum deflection of panel W (m) .
Case Buckling of Bertholot Ansys belzt)\:vfgige?;)e \E?() 2)
Panel [27]
1) (2) 3) (4) ©)
All edges simply 0.001222 0.001199 0.001244 1.77
supported
All edges clamped | 0.0002476 0.000272 0.000256 3.28

The difference between (2) and (4) is 1.77 + 3.28%, Buckling of Panel is sufficiently reliable to calculate.
4.3.2. In case of layering plate [90/0/45/-45/-45/45/0/90]s
Table 4.9 The comparison result with the layering plate [90/0/45/-45/-45/45/0/90]s.

Case Maximum deflection of panel W (m) | Difference (%)
Buckling of Panel Ansys between (2) va (3)
) (2) 3) (4)
All edges simply 0.001395 0.001372 1.65
supported
All edges clamped 0.0003114 0.000319 2.38

The difference between (2) and (3) is 1.65 + 2.38%, Buckling of Panel is sufficiently reliable to calculate.
4.4. Survey on effect of certain factors on buckling of three-phase composite panel
subjected hydrodynamic load.

Lift wing is a complex structure with large loads, to ensure safety in this section
will investigate the case of simply supported panel. Hydrofoils operate in waves under
the conditions of foilborne, hydrodynamic load acting on the foil is expressed as [48]:
P = P,sin(wt — kx) (N/m?) (4.43)

Figure 4.22. Hydrofoil ship with completely submerged foil have a geometric center at
(x 0.5L¢, 0, -h) as indicated with the hull and struts.

Survey of three-phase composite panel with dimensions axbxt =1.0x

0.31x0.02m, which is the cover of lift foil at the shape and dimensions as shown in
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Figure 4.10 and Section 4.1.2.2, subjected the hydrodynamic load P (determined from
the formula 4.43), the panel is made of the component materials: Epoxy matrix:
Em=3.50 GPa, vm=0.33; Cimax fibers: Ea=58.85 GP,, va=0.240; TiO. particles: E.=5.58
GPa, v¢=0.20. (4.44)
4.4.1.Effect of layer layout.

Figure 4.23 shows that the a0’

T T T

- L v,=0.5, y =0.05, h=0.02m, R=2.764m, ——Panel [90/0/45/-45/-45/45/0/90]

dynamic response of the three- B axb=1x03tm u=01, ve2oms,
Simply Supported Plates.

phase composite panel in 03 cases 1 Pane [S00/90/050]
of different layering and fiber

direction significantly affects the i A A A A
buckling of the plate. Layer layout v v v
[90/0/45/-45/-45/45/0/90]s  gives

—Panel [90/0/90/0/0/90/0/90]

greater panel oscillation than other K 28 :
layer layouts. Figure 4.23. Dynamic response of panel with
Plate of layer [90/0/45/-45/- different layering sequences.

45/45/0/90]s (Section 4.1.2.2) as

stable quasi-isotropic materials in all directions, combined with the results of the
survey shows the stable panel, so this layer layout is selected to consider dynamic
response for the next case.

4.4.2. Effect of panel geometry dimension.

Figures 4.24 and 4.25 illustrate the effect of width b; thickness h on nonlinear
dynamic response of three-phase composite panel.Panel deformation increases by the
increse in width b and decrease in panel thickness. The distance between the stringers
of the foil is <310mm when the foil structure is stable.

4.4.3. Effect of ship speed
Figure 4.26 shows the effect of ship speed on the nonlinear dynamic response
of the three-phase composite panel. Panel deformation increases by the speed increase.

3 -3

x10° x10

: : . : : : : : : : :
y,=05, =005, h=0.02m, Panelaxb =1x0.31m =05,y =005, h=0.02m, —Panelaxbxh=1x031x0.02m
Panelaxb=1x0.36m

R=2.764m, u=0.1, V=20m/s, - - - 4 3k R=2.764m, pu=0.1, V=20m/s == Panelaxbxh=1x031x0.18m
Simply Supported Plates. | -mees Panelaxb=1x0.41m Simply Supported Plates -~ Panelaxbxh=1x0.31x0.15m

W(m)

L i L L [ i L L . L L [ L L L L
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5

Figure 4.24. Effect of b on the non-linear | Figure 4.25. Effect of h on the non-linear
dynamic response of panel. dynamic response of panel.

4.4.4. Effect of initial imperfection
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Figure 4.27 show the effect of initial imperfection i on dynamic response of
three-phase composite panels. When [ increases in the range of 0 + 0.1, deformation
of panels increases and when [ increases in the range of 0.1 + 0.3, deformation of
panels decreases. Effect of parameter 1 on panel deformation is small to neglectable.

T T T T
w,=0.5, =005, R=2.764m,
axbxh=1x0.31x0.02m, p=0.1,
Simply Supported Plates.

. . A
05 1 15

Figure 4.26. Nonlinear dynamic
response of panel at different velocity.

T T T T
v,=0.5, v =0.05, R=2.764m,

axbxh=1x0. X 0.02m, V=20m/s
Simply Supported Plates

. . . . . , .
0 05 1 15 25 3 35 7 a5
()

Figure 4.27. Effect of imperfection
parameters [ on nonlinear dynamic
response of panels.

4.4.5. Effect of three-phase composite material ratio.

x10°

x10°

T T T T
2 \\1320.35, axbxh=1x0.31x0.02m,

R=2.764m, u=0.1, V=20m/s,
Simply Supported Plates.
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Figure 4.29. Effect of particle ratio yc on
dynamic response of panels.
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Figure 4.30. Effect of fiber ratio ya on
dynamic response of panels.

Figures 4.29 and 4.30 show the effect of fiber and particle on the dynamic response
of three-phase composite panels. It is obvious that an increase in fiber density will reduce
the panel's amplitude of fluctuation and the more the density of the particle will reduce
the panel's flexural strength. The effect of fiber is better than particle.

4.4.6. Effect of geometrical dimensions, fiber and particle ratio on oscillation
frequency of three-phase composite panel.
Table 4.18. Effect factors on oscillation frequency of three-phase composite panel.

Ya Ye wmn (rad/s)
a=10m,b=031m a=10m,b=0.36m
h=0.015m | h=0.018m | h=0.020m | h=0.015m | h=0.018m | h=0.020m
055| 0 | 2.3375e3 | 2.8033e3 | 3.1139e3 | 1.7769e3 | 2.1283e3 | 2.3628e3
0.50 | 0.05 | 2.2570e3 | 2.7066e3 | 3.0065e3 | 1.7156e3 | 2.0549e3 | 2.2813e3
0.45]0.10 | 2.1744e3 | 2.6077e3 | 2.8966e3 | 1.6529e3 | 1.9797e3 | 2.1978e3
0.40 | 0.10 | 2.0842e3 | 2.4994e3 | 2.7763e3 | 1.5842e3 | 1.8974e3 | 2.1065e3

Table 4.18 shows that for foils whose is b = 0.31m will have the oscillation frequency
which is 1.32 times greater than in the case of b = 0.36m (a decrease of 1.32 times in
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the hardness level of foil).
4.4.7. Effect of foil distance.

" .
15% 10 . x10

T ; T T T T T T T T T
v,=0.5, y =0.05, R=2.764m, 25 v, =05, =0.05, R=2.764m, x=20m
axbxh=1x0.31x0.02m, u=0.1, axbxh=1x031x002m p=01, |77 X =24m

10+ V=20m/s, Simply Supported Plate. 4 2 V=20mis, Simply Supported Plates. | : : 222
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Figure 4.31. Effect of foil distance on dynamic response of panels.

It is shown in the figure 4.31 that: Foil deformation depends on distance of two foils
and operating region of the ship which caused by the impact of wave resonance:

+ Deformation of foils will be largest when the foil position is x = A/4 + nA/2.

+ Foil deformation will be smallest when the foil position is x = nA/2 (n: is an integer, positive).
4.6. Chapter 4 conclusion

- The function and regression curve of the allowable deflection of foil with chord
length ¢ = 2 + 7(ft) is built as the basis for selecting a structure to ensure buckling.

- (4.36) and (4.41) are established as governing equations for the nonlinear dynamic
response of three-phase composite panels subjected hydrodynamic load in two cases of
all simply supported and clamped edges.

- (4.37) and (4.42) are established as expressions determining oscillation frequency of
three-phase composite panels in two cases of all simply supported and clamped edges

CONCLUSIONS

- The equation and the static buckling calculationof the three-phase polymer
orthotropic composite plates have been established, which are subject to one-direction
compression, simultaneous compression in both directions and shear load.

- The equation and the dynamic buckling calculation of three-phase polymer
composite panels with hydrodynamic load have been established in two cases of all
simply-supported and clamped edges.

- Constructed method of buckling calculationof hydrofoil lift wings by analytical
method based on design criteria of hydrofoil structure.

- Assess the influence of factors on the static and dynamic stability of three-phase
composite plates. Therefore, it is possible to change these parameters to choose a
reasonable design and actively control the behavior of the structure.
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