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Abstract— Composite bar made of E-Glass/ Epoxy 

manufactured by Pultrusion process is subjected to torsional 

loading. Mechanical properties such as, Young Modulus 

along longitudinal and transverse direction, Poisson’s ratio 

and Shear modulus were determined experimentally using 

computerised UTM. The static characteristics of metallic 

(AISI 4310) and composite bar determined experimentally, 

on a horizontal torsion test rig, are compared with numerical 

analysis. The shear stress, stiffness and modulus of rigidity 

values of the tested composite bars obtained numerically are 

compared with the theoretical values. The results of the 

numerically and theoretically studies are compared and it is 

found that; the experimental results and numerical results are 

very close to each other. 
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I. INTRODUCTION 

Rapid technological advances in engineering brought the 

scientists and engineers to a point, where they became limited 

by the capabilities of traditional materials. With the limits of 

the technology pushed, the materials failed to answer the 

requirements of the designers or manufacturers. Researchers 

in materials technology are constantly looking for solutions 

to provide stronger, durable materials which will answer the 

needs of their fellow engineers. Composite materials are one 

of the most favored solutions to this problem in the field. By 

combining the stronger properties of traditional materials and 

eliminating the disadvantages they bear, composite materials 

technology is providing compromising solutions and 

alternatives to many engineering fields. Problems born from 

material limitations like heavy weight, structural strength, 

and thermal resistance are being solved by the composite 

material alternatives, and many more alternatives are being 

introduced to readily use engineering applications. 

 Torsion bars are one of the commonly used 

mechanical elements in many applications. With the ever 

present demand of lower weight in engineering applications, 

the designers seek to reduce weight with every single 

opportunity. Composite materials, with their high 

strength/weight ratio are becoming popular with their 

increasing availability due to advancements in their 

manufacturing processes. The main design parameter for a 

torsion bar is torsional rigidity, and as explained above, 

weight. On the other hand, providing a secure connection 

between traditional materials and composites bear the 

inherent problem of composite materials. 

II. LITERATURE REVIEW 

In many areas of engineering applications, materials are 

sometimes subjected to torsion in services, for example, drive 

shafts, axles and twisted drills. Moreover, structural 

applications such as bridges, springs, car bodies, airplane 

fuselages and boat hulls are randomly subjected to torsion. 

The materials used in this case should require not only 

adequate strength but also be able to withstand torque in 

operation. Even though torsion test is not as universal as 

tension test and do not have any standardized testing 

procedure, the significance lies on particular engineering 

applications and for the study of plastic flow in materials. 

Torsion test is applicable for testing brittle materials such as 

tool steels and the test has also been used to determine the 

forgeability of the materials by means of torsion testing at 

elevated temperatures. 

 Dr. T. Rangaswamy & Vijyarangan et al., [1] have 

investigated the manufacturing of composite shafts for 

automotive applications. The composite shaft is expected to 

transmit a certain amount of torque, hence should have a 

certain torque capability. Due to their high length/diameter 

ratio, the torsional buckling capability of the shafts is also 

studied both experimentally and with ANSYS modelling. 

Their study has shown that a weight reduction of 48 to 86% 

can be obtained by using composite materials and with a 

careful investigation of ply orientation, the shafts can be 

manufactured to full fill the frequency and buckling 

capability. 

 Dr. Sumana BG, Vidya Sagar HN, Krishna M et al., 

[2] have investigated the Effect of Fiber Orientation on FML 

Hollow Shaft Subjected to Static Torsion Loading, In this 

study, the torsional behaviour of cylindrical FML hollow 

shafts was examined by a combined experimental and 

numerical approach. Both the experimental and numerical 

results showed FML hollow shafts with 0/90° fiber 

orientation possessed higher torsional strength as compared 

to FML hollow shafts other fiber orientation. 

 Rastogi et al., [3] has investigated similar properties 

of a composite driveshaft, including torsional fatigue 

capability into consideration. Torsional strength, buckling 

capability and critical speed for the composite shafts are also 

investigated as in Rangaswamy & Vijyarangan’s study. The 

variation of bond strength with bond strength is investigated. 

The shafts used in the study have different orientation of 

plies, all of them proved to have high buckling torque and 

satisfactory critical speed well over the required value. 

 H. Nikopour & A.P.S. Selvadurai et al., [4] have 

done Torsion of a layered composite strip. This paper 

examines the problem of the torsional loading of a composite 

strip composed of eleven layers of unidirectional reinforced 

elements that are fully bonded. The shear modulus are 

obtained from the experimental torsional stiffness’s (T/ϕ) and 

data reduction techniques based on the orthotropic 

rectangular strip torsion model by Lekhnitskii. The stacking 

of lamina is also used to construct a computational model of 

the strip. 

 Mr.Chavan V.B. & Prof. Gaikwad M.U. et al., [5] 

have done the Review on Development of Glass Fiber/Epoxy 
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Composite Material and its Characterizations.  This work 

carried out to analyses tensile, shear and flexural strength by 

varying volume fraction of Glass Fiber and epoxy materials. 

The behaviour under tensile, shear and flexural loading and 

different manufacturing processes of laminated Glass 

Fiber/Epoxy composite are the main areas of interest of 

researchers. They observe that Ultimate tensile strength and 

flexural strength of the fiber glass polyester composite 

increased with increase in the fiber glass Volume fraction of 

fiber weight fractions. The Young’s modulus of elasticity of 

the composite increased with the fiber glass Volume fraction. 

The Young’s modulus of elasticity of the composite increased 

with the fiber glass Volume fraction. 

 M. Manikandan , K. Raja , V.S. Chandrasekar et al., 

[6] Have Experimental Investigation on Torsion Bar 

Suspension System Using E- Glass Fibre Reinforced 

Composite Material. The purpose of this study is to 

investigate torsion deflections and energy storage of the 

composite bar in torsion bar suspension system. This study 

provides fundamental knowledge of torsion test and 

significant parameters such as torque, modulus of resilience 

in torsion and angle of twist has been highlighted. The torsion 

deflections were obtained experimentally. The results of 

experimental study are compared with the conventional 

torsion suspension system. 

 Lin & Poster et al., [7] Analyzed design of 

composite shafts and torsion bars. The strength and low 

weight of the material loses its value and importance if it there 

is no feasible way to provide a secure connection between the 

shafts –or bar- and the main body frame. Strength analysis of 

the bonding and failure criterion under fatigue loading is 

observed by using a specialized test stand. The buckling 

properties are investigated as well since a long shaft is used 

in the application. 

 Mr.Kumbar R. B., Dr.Sonawane C. R et al., [8] 

studied the Effect of Composite Materials on The Stiffness of 

The Torsion Bar. This paper presents the study of the effect 

of composite materials on the stiffness of the torsion bar used 

in suspension system of the automobiles. They observe that 

counteracting the torque is the fact that the torsion bar 

naturally wants to resist the twisting effect and return to its 

normal state. 

 It was observed that stiffness of the bar plays 

important role in the performance of the system. Use of 

composite materials like glass fiber or carbon fiber shows 

increase in the stiffness of the system. For torsion bar with 

high stiffness will cause the bumpy ride and even catastrophic 

failure of the bar. Low stiffness will cause high deformation 

and fracture. 

 Mr. Vikas V. Yalasangi1, Prof. A.M. Naniwadekar 

et al., [9] have done the An Overview of Analysis of Torsion 

Bar of Light Motor Vehicle Car with Nonlinear Parameter. 

Static analysis of Torsion bar, finding out torsional stiffness, 

study related to vibration absorber and its application & 

comparison results of linear & nonlinear with its parameter. 

III. OBJECTIVE 

Aim of this project is to fabricate horizontal torsional test rig 

and experimentally investigate the torsional properties of the 

composite bar under static torsional loading. Then compare 

them with several computer models, in order to show the 

feasibility of using composite materials as building materials 

for torsion bars. 

 The torsional deflections and stress analysis of the 

composite bars in torsion are investigated. 

 This helps to propose the replacement of 

conventional metallic solid bar with the composite solid bar. 

IV. METHODOLOGY 

 
Fig. 1: Methodology 

A. Manufacturing Process of Composite Bar 

In the present study, it is very important and necessary to 

develop proper composite bar specimen by fabrication 

method. There are lots of fabrication methods to develop 

composite bars. It is essential for the reader to know how 

these materials are made. The selection of a fabrication 

process obviously depends on the constituent materials in the 

composite, with the matrix material being the key. The name 

of fabrication processes given below. 

 Hand lay-up. 

 Spray-up. 

 Automated lay-up. 

 Pultrusion process. 

 Filament winding. 

 Resin transfer moulding. 

Pultrusion Process method is used to fabricate composite bar. 

1) Pultrusion Process 

The most common materials are glass/carbon fiber and epoxy 

resin, although higher performance materials can also be 

used. In general, composite fiber Pultrusion machines are 

developed due to technological advances in various industries 

including aerospace, marine, electrical, chemical, 

transportation, as well as piping system. 

 Pultrusion is a continuous moulding process that 

combines fibers reinforcements and thermosetting resin. The 

Pultrusion process is used in the fabrication of composite 

parts that have a constant cross section profile. Typical 

examples includes various rods and bar sections, ladder side 

rails, tool handles, and electrical cable tray components and 

now bridge beams and decks. Most pultruded laminates are 

formed using roving’s aligned down the major axis of the 

part. Various continuous strand mats, fabrics and texturized 

or bulked roving’s used to obtain strength in the cross axis or 

transverse direction. 
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 Pultrusion is a type of continuous automated closed 

molding, composite processing method. The basic 

mechanism of putrusion system is same as that of the metal 

extrusion process. The only difference is that in extrusion 

process, material is pushed through the dies whereas in 

Pultrusion, material is pulled through the dies. Reinforcement 

in terms of continuous roving’s or fiber mats is unrolled from 

creel holding rolls and passes through a resin tank. In resin 

tank, fibers are dipped thoroughly to get completely wetted 

fibers. Now, these resin saturated fibers are guided to the hot 

die where the desired profile is given to these resin 

impregnated fibers with the help of dies. Curing of the 

composite also takes place in this section due to heating. 

Now, the cured composite profile is pulled with the help of 

gripper coming from the hot dies. Finally, putruded profiles 

are cut with the help of a cutter which is inbuilt after the 

pulling mechanism in the Pultrusion system. The schematic 

of Pultrusion system is shown in figure 2. 

 
Fig. 2: Pultrusion Process 

V. EXPERIMENTAL & ANALYTICAL STUDY 

A. Experimental Studies - Torsion Testing 

Generally, Torsion occurs when the twisting moment or 

torque is applied to a member. The torque is the product of 

tangential force multiplied by the radial distance from the 

twisting axis and the tangent, measured in a unit of N-m. In 

Torsion Testing, the relationship between torque and degree 

of rotation is graphically presented and parameters such as 

ultimate torsional shearing strength (modulus of rupture), 

shear strength at proportional limit and shear modulus 

(modulus of rigidity) are generally investigated. 

1) Torsion Test Setup 

Following apparatus will be used to carry out the torsion 

testing 

 Test specimens 

 Micrometer or Vernier Caliper 

 Horizontal Torsion Testing Rig 

 

 
Fig. 3: Horizontal Torsion Test Rig with E-glass/Epoxy bar. 

 
Fig. 4: Test Specimens 

2) Test Procedure 

The Horizontal Torsion Test rig is shown in Figure 3. The test 

specimens are E-glass/Epoxy and AISI 4310 of diameter 

10mm and 810mm in length are used as shown in Figure 4. 

 Measure the Diameter of the specimen at 3 different 

places along the axis. Using a slide calliper and 

determine the mean diameter. Record these parameters 

on the table provided. 

 Grip the test specimen on to the torsion testing rig using 

sockets and make sure the specimens are firmly 

mounted. Fit both ends of the specimen to input and 

torque shafts and set reading on the angle plate to zero. 

 Fix the graduated disc of measuring the angle of twist at 

distances of measuring the lengths L from fixed end and 

set their pointers to read zero. 

 Apply the torque by keeping the loads in increments on 

the weights hanger. Note down the angle of twist ϴ on 

the scale at each increments of load; take 4-5 set of 

readings. 

 Draw a graph of Torque (N-m) v/s Angle of twist. 

 Repeat the test by applying constant value of length L 

and changing the value torque. 

By using torsion equation to find the shear stress and modulus 

of Rigidity, 
T

J
=

Gθ

L
=

τ

r
                           (5.1) 

Within the elastic range of deformation, the shear stress can 

be calculated according to equation 5.2 

τ =
Tr

J
                        (5.2) 

The stiffness is calculated by k, 

k =
T

θ
                       (5.3) 

The Shear Modulus is given by, 

G =
T

θ
×

L

J
                          (5.4) 
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B. Numerical Solution - FEA Analysis 

A numerical 3D-FE model was developed to replicate the 

experimental tests as well as to identify the main factor 

influencing shear stress, stiffness and modulus of rigidity. 

Stimulation has been carried out by using ANSYS 15.0 finite 

element package. 

 A detailed description of the steps involved in using 

software for analysis of composite bar and metallic bar is 

describes in the following section. 

1) Elemental Type & Material Properties 

The elemental type used was BEAM188 for both metallic and 

FRP. BEAM188 is suitable for analysing the bar structure. 

BEAM188 is a linear (2-node) or a quadratic beam element 

in 3-D. BEAM188 has six degrees of freedom at each node; 

translations in the x, y and z axes, and rotations the x, y and 

z-axes. This element may be used for modelling the 

composite and metallic bar structure. The mechanical 

properties needed are modulus of elasticity (E) and Poisson’s 

ratio (ν) for linear isotropic material i.e., AISI 4310 as shown 

in table 1 and orthotropic properties for E-glass/Epoxy as 

shown in table 2. 

Material properties Values 

Behaviour Isotropic 

Modulus of Elasticity (E) 200 GPa 

Poisson’s Ratio (ν) 0.3 

Modulus of Rigidity 77 GPa 

Table 1: Material Properties of Conventional Steel (AISI 

4310) 

Material properties Values 

Behaviour Orthotropic 

E11 41.17 GPa 

E22, E33 22.28 GPa 

ν12 0.28 

ν23, ν13 0.27 

G12 16.08 GPa 

G23, G13 8.84 GPa 

Table 2: Material Properties of Composite Material E-

Glass/Epoxy 

2) Modelling & Meshing 

In modelling operation, the composite bar was defined as a 

straight line, material properties for the composite bar was 

indicated and then is meshed. The length of composite bar 

and the metallic bar was 810mm and diameter 10mm. 

Meshing can be done in two ways, free and map meshing. In 

free meshing, the elements that are created are of no definite 

shape and pattern. In contrast to this, a mapped mesh 

produces a definite element shape and follows a particular 

pattern. After modelling and defining the composite bar, 

solution operations start. 

 
Fig. 5: Loading of Composite Bar 

3) Constraints & Loading 

Boundary Conditions are the constraints and loads that can 

simulate the effect of the environment surrounding a body. 

Loads are applied in the form of forces, moments, pressures, 

and temperatures as shown in figure 5. The displacement 

constraints are applied by restricting the degrees of freedom 

at the corresponding nodes of a model. There are three 

boundary conditions are enforced. First, all nodes at one face 

of the end of the circular bar is constrained along the X Y and 

Z direction (UX = UY = UZ = 0). Second, all of the nodes at 

the same face is constrained on rotation in X, Y and Z 

direction (ROTX = ROTY = ROTZ = 0). Last, toque was 

applied in another free end by using constraint equations 

features that provided in ANSYS 15.0. The results for 

metallic and FRP bar are obtained by solving. 

VI. RESULT & DISCUSSION 

Upon completing the design of the test piece, two specimens 

having same diameter and same length are chosen for the test. 

The main idea behind the selection of different test pieces was 

to investigate the changes in the deflection of the material as 

the main parameters affecting angular deflection are changed. 

 The data measured from the torsion testing was used 

to calculate the shear stress, stiffness and modulus of rigidity. 

 The experimental and analytical results are showing 

a linear increase in deflection with the increasing torque for 

FRP and Steel of 10mm in diameter and 600mm in length. 

This is an expected output and it confirms with the theoretical 

behaviour of a bar subjected to torsional loading. Parameters 

like increasing torsional stiffness play an important role in the 

complex deformation mechanics of a real specimen, but they 

are omitted in the theoretical study, thus theoretically 

speaking, there exists a complete linear relationship between 

the applied torque and the angular deflection as shown in the 

graphs, figure 6 and figure 7. 

 Inspection of the static behaviour of the composite 

bar under torsional loading is made by both experimental and 

theoretical analysis. The comparisons of these two analyses 

are obtained by superimposing the graphics. 

 
Fig. 6: Torque V/S Angle of Twist Diagram for Composite  

& Steel For Experimental Values 
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Fig. 8: Nodal Solution of E-Glass/Epoxy 

 
Fig. 9: Nodal Solution of AISI 4310 

 
Fig. 10: Shear Stress of E-Glass/Epoxy 

 The figure 8 and figure 9 shows the displacement or 

the rotation vector sum of the E-Glass/epoxy and AISI 4310 

respectively and it is seen in x component of rotation vector 

sum but it will affect its life. 

Fig. 7: Torque v/s Angle of Twist Diagram for Composite & 

Steel for Analytical Values 

 
Fig. 10: Shear Stress of AISI 4310 

 The shear stress of the bar is calculated both 

numerically and theoretically. Numerical calculated shear 

stress values and the theoretical calculated results are same, 

because the shear stress doesn’t depend on the material 

properties. The elemental shear stress distribution upon the 

composite bar and metallic bar is as shown in figure 10 and 

figure 11. 

VII. CONCLUSION 

Composite bars manufactured by E-Glass/Epoxy is subjected 

to torsional (static) loading are investigated experimentally 

and numerically. The material properties of the composite bar 

such as Young’s Modulus along Longitudinal and transverse 

direction, Poisson’s ratio and shear modulus are obtained 

experimentally by using computerized Tensile test machine. 

The following conclusions can be obtained from the results: 

 Increasing the diameter of composite bar to 10 reduced 

the shear modulus to 9.22GPa. This indicates the 

reduction in deformation for an applied load. 

 The shear stress decreased from 21MPa to 12MPa. 

 The angle of twist decreased from 12o to 6o for a torque 

of 4.21 N-m. 

 The experiment and numerical results showed significant 

agreement, (approximately 4% with respect to shear 

modulus (G), and  approximately 20% with respect to 

shear stress (τ) 

 Stiffness of composite is 22.635 N-m/rad. 
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