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Abstract— Recent researches have led to the development of
numerous natural fibre based composite materials with a variety
of applications. Medium density coir boards (MDCB) prepared
as per IS 15491 utilizes coir fibre and Phenol formaldehyde resin.
The study investigates the possibility of substituting Phenol
formaldehyde resin with cheaper Urea formaldehyde resin and to
compare the temperature distribution of Medium density coir
boards prepared with them using finite element modelling
software ANSYS 14.5
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l. INTRODUCTION

Composite materials possess numerous advantages
like light weight and high strength to weight ratio over
conventional materials like metals, wood etc.[1] Natural fibre
reinforced composites or bio composites has finally started to
become economically viable with improved technologies [4].
The forerunners in this race include coir fibre, jute, sisal,
bagasse and many more [3].

The researches on coir composite boards were all
focused towards the possibility of substituting wood or
engineered wood products like plywood [8].Wood being an
excellent insulator is widely used in applications utilizing this
property [2]. This paper is an attempt to study the thermal
conductivity and degree of insulation of MDCB while working
with two different resins

Computer aided engineering tools like ANSYS 14.5
is the one of the successful Finite Element Modelling software
and is selected as the medium for modelling and thermal
analysis of medium density coir boards in this study.

1. METHODOLOGY

A. Material selection

Coir fibre is extracted from cocos nucifera largely
cultivated in South-West Asia [9]. The strong, light weight,
non-toxic and bio degradable characteristics of coir fibre
enabled it an easy choice while the selection of reinforcement
in the present study [3]. Phenol formaldehyde resin is selected
as matrix material owing to the better fire retardation and good
binding properties [5]. A possible substitute for Phenol
formaldehyde resin is the cheaper Urea formaldehyde resin
with similarity in its properties. The medium density coir board
made of coir fibre with bonding agents either phenol
formaldehyde or urea formaldehyde is selected for this study.
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B. Creating 3D models using ANSYS

Element type solid 186 of ANSYS is used to carry out
steady state analysis in this study [8]. Medium Density Fibre
boards with three different thicknesses and two different resins
were modelled using ANSYS. The dimensions of the board
were 500mm X 500mm with thicknesses 25mm, 50mm and
75mm. Non-woven needled felt impregnated with Phenol
formaldehyde resin forms a layer with approximately ~ 1mm
thickness. It is pressed to form laminated composite boards.
The layer formation is shown in fig. 1 and fig. 2

Fig.1. Coir and Phenol formaldehyde layer formation

Fig.2. Coir and Urea formaldehyde layer formation

C. Meshing

The most suitable element type for layered composite in
ANSYS is Solid 186[8]. Number of nodes and elements used
are 512 and 225 respectively

D. Boundary conditions

The fig. 3 shows the boundary condition selected for
analysis. An air flow temperature of 100°C and 250°C were
applied at the top and bottom surfaces respectively and a heat
transfer from higher temperature region to lower temperature
region was initiated.
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I1l.  EXPERIMENTAL

A total of six models were developed with three different
thicknesses each for MDCB utilizing urea formaldehyde and
phenol formaldehyde resins. The temperature distributions
across the thickness of the composite boards were analyzed
using ANSYSS.

PF 1 is medium density coir board composed of coir fibre
and phenol formaldehyde with 25mm thickness and 500mm X
500mm length and breadth. The fig. 4 shows the temperature
distribution across the thickness of the board. It is noted that a
temperature of magnitude 4.403 °C is lost at bottom surface the
same is gained at top surface.

RNSYS 14.5
NCDAL SOLUTION

2289.90%9
e I~ e

Fig. 4 Temperature distributions across the thickness of PF1

UF 1 is medium density coir board composed of coir fibre
and urea formaldehyde with 25mm thickness and
500mmX500mm length and breadth. The fig. 5 shows the
temperature distribution across the thickness of the board. A
considerable temperature difference of 6.417°C was recorded
during the temperature distribution between top and bottom
surfaces.
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Fig. 5 Temperature distribution across the thickness of UF1

PF 2 is medium density coir board composed of coir fibre
and phenol formaldehyde with 50mm thickness and
500mmX500mm length and breadth. The fig. 6 shows the
temperature distribution across the thickness of the board. The
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corresponding temperature difference is of a magnitude of
2.213°C.
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Fig. 6 Temperature distribution across the thickness of PF2
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UF 2 is medium density coir board composed of coir fibre
and urea formaldehyde with 50mm thickness and
500mmX500mm length and breadth. The fig. 7 shows the
temperature distribution across the thickness of the board. A
considerable temperature difference of 3.257°C was recorded
during the temperature distribution between top and bottom
surfaces.
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Fig. 7 Temperature distribution across the thickness of UF2
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PF 3 is medium density coir board composed of coir fibre
and phenol formaldehyde with 75mm thickness and
500mmX500mm length and breadth. The fig. 8 shows the
temperature distribution across the thickness of the board. A
temperature difference of 1.502°C was observed during

distribution across the two surfaces.
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Fig. 8 Temperature distribution across the thickness of PF3
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UF 3 is medium density coir board composed of coir fibre
and urea formaldehyde with 75mm thickness and
500mmX500mm length and breadth. The fig. 9 shows the
temperature distribution across the thickness of the board. A
temperature difference of 1.225°C was recorded between the
top and bottom surfaces.
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conductivity. Thus boards of urea formaldehyde could
possibility outperform board with phenol formaldehyde
resin in insulation.

C. There is only a slight drop in temperature at
bottom and top region as thickness changes, so it is
concluded that the relative temperature drop of different
models shows that thickness have less impact over the
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Fig. 9 Temperature distribution across the thickness of UF3

From the above results it is clear that change in temperature
distribution is more for urea formaldehyde than phenol
formaldehyde for same thickness. The thickness of the samples
exhibited little effect on temperature distribution. Fig. 10
shows the relation between temperature drop and thickness for
both the samples for entire range of thickness in consideration

Temperature Drop V/s
thickness graph
10
Q 6.417
E 5 4.403
S 2213 1502 2225 . P F
5
2 0- mUF
S 25mm  50mm 75mm
o
g Thickness
|_

Fig. 10 Temperature drop v/s thickness graph

IV. CONCLUSIONS

a. The temperature distribution of three
different thickness MDCBs are studied and it was
observed that the change is temperature at top and bottom
region decreases as number of layer increases.

b. More temperature drop is observed in board
made of coir and urea formaldehyde than that of coir and
phenol formaldehyde which indicates that board with
phenol formaldehyde as resin is having more thermal
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thermal performance of the boards

(1]
[2

(31

(4]

(5]

(6]

[71

(8l

(9]

[10]

V. ACKNOWLEDGEMENT

I would like to express my gratitude to all those who

have helped me in the successful completion of the project
entitled “Modelling and Thermal Analysis of Medium Density
Coir Composite Boards”.

REFERENCES

Sanjay K. Mazumdar, 2002, Composites Manufacturing Materials,
Product and Process Engineering, CRC Press, London

Julio F. Davalos, Characterization of Bonded Interfaces for Wood
Fiber Reinforced Polymer Composites ,3rd International
Conference on Advanced Engineered Wood Composites, July 10,
2005 Bar Harbor, ME, USA

E.chandana, Dr.Syed Altaf Hussian, "Thermal conductivity
Characterization of Bamboo fiber reinforced in Epoxy Resin",
I0SR Journal of Mechanical Volume 9, Issue 6 (Nov. - Dec. 2013),
PP

M. Nithiyakumar, D. Gopalakrishnan (2011), “Development and
analysis of jute and coir reinforced composites” Industry Articles
C.N. Pandey & Sujatha D (2008), “Crop residues, the alternate raw
materials of tomorrow for the preparation of composite board”

D. Surrya Prakash, D. Praveen Kumar “Natural Fibre Sandwich
Composite Panels-Analysis, Testing and Characterization” IOSR
Journal of Mechanical and Civil Engineering Volume 9, Issue 3
(Sep. - Oct. 2013), PP 58-64

B. Sidda Reddy, A. Ramanjaneya Reddy, J. Suresh Kumar and K.
Vijaya Kumar Reddy, "Bending analysis of laminated composite
plates using finite element method”, International Journal of
Engineering, Science and Technology Vol. 4, No. 2, 2012, pp. 177-
190

P.V.Krishnakanth, G.Narasa Raju,R D V. Prasad, R. Saisrinu,
"Structural & Thermal Analysis of Gas Turbine Blade by Using
F.E.M",International Journal of Scientific Research Engineering
& Technology Volume 2 Issue2 pp 060-065 May 2013

Majid Ali "Coconut fibre: A versatile material and its applications
in engineering", Journal of Civil Engineering and Construction
Technology Vol. 2(9), pp. 189-197, 2 September, 2011

Gizem, Aksahya & Ayese, Ozcan (2009) Coomunications &
Networks, Network Books, ABC Publishers.

559

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



