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Abstract—In this investigation an elastic stress analysis is carried 

out a woven steel fiber reinforced thermoplastic cantilever beam 
loaded uniformly at the upper surface. The composite beam material 
consists of low density polyethylene as a thermoplastic (LDFE, 
f.2.12) and woven steel fibers. Granules of the polyethylene are put 
into the moulds and they are heated up to 160°C by using electrical 
resistance. Subsequently, the material is held for 5min under 2.5 MPa 
at this temperature. The temperature is decreased to 30°C under 15 
MPa pressure in 3min. Closed form solution is found satisfying both 
the governing differential equation and boundary conditions. We 
investigated orientation angle effect on stress distribution of 
composite cantilever beams. The results show that orientation angle 
play an important role in determining the responses of a woven steel 
fiber reinforced thermoplastic cantilever beams and an optimal design 
of these structures.  

 
Keywords—Cantilever beam, elastic stress analysis, orientation 

angle, thermoplastic. 

I. INTRODUCTION 
HE thermoplastic composites are getting progressively 
important owing to many advantages such as specific 

strength and high specific stiffness, strengthen impact 
resistance, develop fracture toughness. Moreover 
thermoplastic composites hold the unique characteristic which 
they may be remelted, reformed and reprocessed [1]. As a 
consequence of their low material costs and potential for high 
production rates, woven thermoplastic composites strike a 
chord in a wide array of sectors involving construction, 
aerospace, automotive, and furniture industries [2]. 
Experimental investigations on the forming of thermoplastic 
composites can be found in [3]-[7]. 

Residual stresses in the matrix are especially important in 
composites because they can cause strengthen the composite 
material and premature failure [8]. Jeronimidis and Parkyn [9] 
studied residual stresses in carbon fiber/thermoplastic matrix 
laminates. A numerical model for loading of the process 
carried thermal composite laminates is improved by Domban 
Hansen [10]. The finite element technique is used to find 
elasto-plastic stresses in composite structures [1]. Karakuzu et 
al. [11] practiced an elastic-plastic stress analysis in an 
aluminum matrix composite cantilever beam loaded by a 
uniform or single force. The thermal residual stresses in 

 
A. Kurşun is with Mechanical Engineering Department, University of 

Hitit, Çorum 19030 Turkey (phone: +90-364-227-4533; fax: +90-364-227-
4535; alikursun@hitit.edu.tr). 

M. Tunay Çetin, E. Çetin, and  H. Aykul are with Mechanical Engineering 
Department, University of Hitit, Çorum 19030 Turkey (e-mail: 
mervetunaycetin@hitit.edu.tr, erhancetin@hitit.edu.tr, 
halilaykul@hitit.edu.tr).  

injection molded thermoplastics by removing thin layers from 
specimens and measuring the resultant curvature or the 
bending moment are investigated by Akay and Özden [12]. 
Sayman et al. [8] researched residual stresses for a 
thermoplastic composite cantilever beam loaded by a bending 
moment. 

In the present study, an elastic stress analysis is investigated 
in thermoplastic composite cantilever beam reinforced by 
woven steel fibers. In this study, an analytical solution is 
practiced for small plastic deformations. A closed-form 
solution is carried out by both boundary conditions and 
differential equation for an anisotropic system. In addition to 
the composite beam is studied with various orientation angles 
analytically. The composite beam can be supported to by 
using the residual stresses. 

II. ELASTIC SOLUTION 
An orthotropic uniformly loaded cantilever beam which is 

written by Lekhnitskii [13] can be seen in Fig. 1. 
 

 
Fig. 1 Thermoplastic composite beam 

 
The differential equation for an orthotropic cantilever beam 

in the plane stress case is written as, 
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where F is a stress function. The constants in (1) are given by 
Jones [14] as 
 

൥
ε୶
ε୷
γ୶୷

൩ ൌ ൥
aଵଵ aଵଶ aଵ଺
aଶଵ aଶଶ aଶ଺
aଵ଺ aଶ଺ a଺଺

൩ . ൥
σ୶
σ୷
τ୶୷

൩                    (2) 

 
wherea୧୨ are the components of the compliance matrix. The 
elements of compliance matrix are written as 
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where Sଵଵ ൌ 1/Eଵ, Sଶଶ ൌ 1/Eଶ, Sଵଶ ൌ νଵଶ/Eଵ, S଺଺ ൌ 1/Gଵଶ, 
m ൌ cos θ , n ൌ sin θ. 

A stress function solution for the differential equation is 
chosen as [11], 
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Substituting (4) into (1), gives 
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So as to satisfy the equation, each term of x and y must be 
equal to zero as e 
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wheres ൌ 2aଵ଺/aଵଵ and  f = rd 
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The stress component become, 
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The boundary conditions are, 
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σ୶ is not zero at the free end. 
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where t and 2c are the thickness and height of the beam, 
respectively. When solved the above equations, the stress 
components become, 
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where I is inertia of the cross section of the beam. 

III. PRODUCTION OF THE COMPOSITE BEAM 
The composite beam material arises from woven steel fibers 

and low density polyethylene such as a thermoplastic (LDFE, 
f.2.12). Granules of the polyethylene placed in die and their 
temperature is increased to 160º by using electrical resistance. 
Afterwards, the material is kept under 2.5 MPa pressure in 5 
min at the same temperature. The temperature is reduced to 
30º 3min under 15 MPa. Hence a polyethylene layer is 
acquired. The woven steel fibers beam are settled between two 
plastic layers and manipulated to in the same way. Mechanical 
properties and yield points of the beam material are 
determined by using the Instron test machine and strain 
gauges, as given in Table I. 
 

 
Fig. 2 Production of the composite beam 

 
TABLE I 

MECHANICAL PROPERTIES OF THE COMPOSITE BEAM 
E1 (MPa) E2 (MPa) G12 (MPa) ૅ 

38000 1300 360 0.25 

IV. RESULTS AND DISCUSSIONS 
In this study, elastic stress analyses are carried out on a 

cantilever beam made of woven steel fiber reinforced 
thermoplastic by using an analytical solution. The 
thermoplastic composite beam is loaded uniformly. The 
density of the uniform force is selected at a small value 0.2 
N/mm. In Table II, the variations of stress for thermoplastic 
composite beam subject to uniformly load is presented for 
different angle. As it can be seen from this table that, the stress 
is tensile at upper side while it is compressive at lower side, 
and it is linearly distributions along to thickness of composite 
beam. The stress is the highest value for orientation angle 
equals to zero, where upper side of composite beam and it is 
the lowest value for orientation angle equals to 30° lower side 
of composite beam. The stress is equals to zero at neutral axis 
of the composite beam for all orientation angles. As a result of 
the bending moment, there is a compression of the lower while 
there is elongation of the upper part as if can be also seen from 
Table II. 
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TABLE II 
STRESS DISTRIBUTION FOR DIFFERENT ORIENTATION ANGLE 

Stress (MPa) 
h(mm) 0° 15° 30° 45° 

-6.0 21.499375 21.254905 15.593922 15.611352 
-5.5 19.622836 19.488222 14.305804 14.315402 
-5.0 17.768452 17.720350 13.014719 13.018148 
-4.5 15.934207 15.951397 11.720935 11.719710 
-4.0 14.118089 14.181470 10.424724 10.420205 
-3.5 12.318083 12.410678 9.126354 9.119753 
-3.0 10.532174 10.639130 7.826096 7.818471 
-2.5 8.758350 8.866933 6.524220 6.516478 
-2.0 6.994596 7.094195 5.220995 5.213893 
-1.5 5.238898 5.321025 3.916690 3.910835 
0.0 0.000000 0.000000 0.000000 0.000000 
0.5 -1.743614 -1.773819 -1.305923 -1.303770 
1.0 -3.489242 -3.547530 -2.611576 -2.607421 
1.5 -5.238898 -5.321025 -3.916690 -3.910835 
2.0 -6.994596 -7.094195 -5.220995 -5.213893 
2.5 -8.758350 -8.866933 -6.524220 -6.516478 
3.0 -10.532174 -10.639130 -7.826096 -7.818471 
3.5 -12.318083 -12.410678 -9.126354 -9.119753 
4.0 -14.118089 -14.181470 -10.424724 -10.420205 
4.5 -15.934207 -15.951397 -11.720935 -11.719710 
5.0 -17.768452 -17.720350 -13.014719 -13.018148 
5.5 -19.622836 -19.488222 -14.305804 -14.315402 
6.0 -21.499375 -21.254905 -15.593922 -15.611352 

V. CONCLUSIONS 
In this investigation, an elastic stress analysis is applied in a 

thermoplastic cantilever beam loaded uniformly. The 
following conclusions can be derived from this study: 
1. The maximum stress values are seen on both upper and 

bottom surfaces of the thermoplastic cantilever composite 
beam.  

2. The stress is the highest value for orientation angle equals 
to zero at upper side of composite beam.  

3. The stress is tensile at upper side while it is compressive 
at lower side, and it is linearly distributions along to 
thickness of composite beam. 

REFERENCES  
[1] O. Sayman, H. Çallioğlu, “An Elastic–Plastic Analysis Of 

Thermoplastic Composite Beams Loaded by Bending Moments”, 
Composite Structures, Vol. 50, Pp.199-20, 2000. 

[2] O. Sayman, M. Kayrici, “An Elastic-Plastic Stress Analysis In A 
Thermoplastic Composite Cantilever Beam”, Composites Science and 
Technology, Vol. 60, Pp. 623-631, 2000. 

[3] D. Jegley, “Impact-damaged graphite-thermoplastic trapezoidal-
corrugation sandwich and semi-sandwich panels”, Journal of Composite 
Materials, vol. 27, pp. 526-538, 1993. 

[4] R. Marissen, H. R. Brouwer, J. Linsen, “Notched strength of 
thermoplastic woven fabric composites”, Journal of Composite 
Materials, vol. 28, pp. 1544-1564, 1995. 

[5] W. J. Cantwell, “The influence of stamping temperature on the 
properties of a glass mat thermoplastic composite”, Journal of 
Composite Materials, vol. 30, pp. 1266-1281, 1996. 

[6] I. H. Tavman, “Thermal and mechanical properties of aluminum powder 
®lled high-density polyethylene composites”, Journal of Applied 
Polymer Science, vol. 62, pp. 2161-2167, 1996. 

[7] F. F. Shi,“The mechanical properties and deformation of shear-induced 
polymer liquid crystalline fibers in an engineering thermoplastic “, 
Journal of Composite Materials, vol. 30, pp. 1613-1623, 1996. 

[8] O. Sayman, S. Aksoy, H. Aykul, “ An elastic/plastic solution for a 
thermoplastic composite cantilever beam loading by bending moment”, 
Composite Science and Technology, vol. 60, pp. 2739-2745, 2000. 

[9] G. Jeronimidis, A. T. Parkyn, “Residual stress in carbon fiber 
thermoplastic matrix laminates”, Journal Of Composite Materials, vol. 
22, pp. 401-415,1998. 

[10] M. M. Domb, J. S. Hansen,“The effect of cooling rate on free-edge 
stress development in semi-crystalline thermoplastic laminates”, J 
Compos Mater, vol. 32, pp. 361-368, 1998. 

[11] R. Karakuzu, R. Ozcan, “Exact solution of elasto-plastic stresses in a 
metal–matrix composite beam of arbitrary orientation subjected to 
transverse loads”, Composites Science And Technology, vol. 56, pp. 
1383-1389, 1996. 

[12] M. Akay, S. Ozden, “Measurement of residual stresses in injection 
moulded thermoplastics”, Polymer Testing, vol. 13, pp. 323-354, 1994. 

[13] S. G. Lekhnitskii, Anisotropic Plates. New York: Gordon and Breach, 
1968. 

[14] R. M. Jones, Mechanics of Composite Materials, Kogakusha, Tokyo: 
McGraw-Hill, 1975. 


