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Abstract: Characteristics of composites (stiffness, resistance, thermal expansion and other) can vary
depending on the type of the material used, quantity, angle of fibre orientation, etc. The selection of
material depends on the life required, number of items, product shape complexity, accuracy of
computation of optimal characteristics of composites and other. In some cases, the best results may be
achieved by using a combination of composite and traditional metal materials. In this paper is developed
the method of calculation composite shafts and the numerical model for that shaft is applied using

numerical programs FEMAP i NXNASTRAN.

Based on the recent researches, the conclusion is that the stress and strained state of the shaft has been

reached and that all the information given in this papers

recommends a numerous appliance of

composite materials as it is already an increasing trend in the world.
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1. INTRODUCTION

Composite materials are obtained by combining two or
more materials in order to get a new material with
controlled properties, along with more favorable
characteristics. These materials have significantly better
properties than their component parts. They are mainly
mechanical, such as strength, stiffness, toughness, etc..,
resistance to external influences, such as temperature,
humidity, chemical agents, abrasive action, etc.., Longer
service life and the like.

Replacement of steel shaft by composite shaft is a novelty
in the world, especially in our country. Composite
materials were in the beginning of its implementation, as
mentioned earlier, applied in aviation, while nowdays
more is done on the analysis of their automotive industry
usage.

The above paper overview relates to some, the most
characteristic, work in this field.

Naveen Rastogi in his paper [5] presented the method for
calculating the drive shaft which is applied to cars. He
gave two important aspects calculation drive shaft:
calculation of the composite shaft and calculation of joints
between fittings and shafts, as well as discussion of the
solution. Chih-Yung Chang, together with a group of
authors in paper [6] described the vibration behavior of
rotating composite shafts containing randomly oriented
fibers. Mori-Tanaka's theory of "middle area" is adopted
here to analyze the effect of arming fiber within
composite material.. Effective elastic modules for
composite materials have a function of the characteristics
of individual parts, fiber volume and fiber orientation

angle. D.G. Lee and other authors in [7] explained the
new production methods of one-part, combined AL /
composite drive shafts for cars with rear-wheel drive.
Composite material consists of several layers which are
made by the inner surface of the aluminum tubes. In paper
[8], T. Rangaswamy and others gave a realistic
calculation and an analysis of the composite drive shaft
for power transmission, optimal calculation of one-part
car drive shaft with rear-wheel drive using E-glass/epoksy
and a highly modular and (NM) carbon / epoxy
composite.

2. PORPERTIES OF COMPOSITE
MATERIAL

Composite materials present strong, inseparable link of
two or more component parts, united in the macroscopic
size, non-destructive, all in order to obtain better
mechanical and other characteristics, than possessed by
constituent  elements. Composite  materials  are
macromechanic mixture of two or more materials with
different physico-chemical and mechanical properties,
mutually insoluble. The greatest advantage of composite
materials is reflected in the fact that most of them use the
best features of building materials and features that often
receive such materials by themselves do not possess
individually.
Composite materials consist of:

+ discontinuous phase, ie. reinforcement (particles,
beads, fibers), and

* continuous phase, ie. matrix.
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Composite materials belong to the group of anisotropic
materials and their mechanical properties depend very
much on the angle of measurement of individual
characteristics. Depending on the shape and composition
of the composite, constituents are divided into: fiber,
shell, skeleton, and laminated composites with particles
(Figurel).
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Fig. 1. Particle reinforced composites

In the technical practice, metal and nonmetallic
composites are used, which can be strengthened by
particles, layers, or fibers. Today the most frequently used
are fiber-reinforced polymer composites. Composite
materials have a relatively high load stability even after
partial damage, as a result of transferring the load across a
large number of fibers. Also, they possess high resistance
to concentrated stress, aggressive environment and
corrosion, and they are characterized by a small speed of
crack distribution, high internal damping, have a small
thermal conductivity etc.

3. APPLICATION OF NUMERICAL
METHODS TO STATIC ANALYSIS OF
COMPOSITE SHAFTS

For the analysis of hollow shafts, as in the case with
composite shafts, elements in the form of a shell, that is,
in form of multilayered shells, are commonly used. For
multilayered shell, characteristic is that, by appropriate
orientation of fibers along with small thicknesses, high
rigidity of the shell structure can be achieved. In
formulating the final element of multilayer shells,
calculation of all sizes is done in layers.

All numerical methods involve the use of computers and
appropriate software. Nowadays in the world, as well as
in our country, there are many software packages
developed, such as NX Nastran, SAP, PAK, [-DEASm
SESAM, COSSMOS/M, pal2, ANSYS...
Basic characteristics of metallic materials (steel and
aluminum) and composing materials that are commonly
used for making shafts (carbon fiber / epoxy resin, glass
fiber / epoxy resin, aramid fiber / epoxy resin, boron fiber
/ epoxy resin), which are being used in this paper as well,
are given in Table 1.
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Table 1. Basic features of materials

Material Ei.MPa | E;, MPa | Gjz2.MPa v p. kg'm?
Steel 210000 | 210000 | 83000 03 7830
Aluminium 70000 | 70000 | 28000 0.28 2600
Carbon fiber / epoxy 131600 | 8200 4500 0,281 1550
resimn
Glass fiber / epoxy 43300 | 14700 4400 0.3 2100
resin
Aramid fiber /epexy | g1900 | 51000 | 1510 031 1380
resin
Boron fiber / epoxy 211000 | 24100 | 8900 036 1967
resin

Marks in table are: E;-modulus in longitudinal direction;
E, - modulus of elasticity in transverse direction; Gy,-
module-slip, v - Poisson's ratio, p-density material.
Dimensions of shafts, analyzed in this study are: the
length is 1000 mm, mean radius of 50 mm, wall thickness
of the ring cross section is 4 mm [1]. The shaft is
supported at the ends, and in the middle of the range is
exposed to static load of 1000N.

The model of the analyzed composite shafts obtained in
FEMAP v9.3 software package is shown in Figure 2. For
the analysis of isoparametric quadrangular final elements,
multilayer shell forms are used, so that the shaft is divided
into 8 elements in axial and 12 elements in the circular

direction.

Fig. 2. Aluminum/composite shaft

Analysis procedure was initiated on the example of a
metal shafts (steel and aluminum). Figures 3 and 4 are
showed in deformed shape and displacement values for
these materials shafts.

Figure 3. Values of steel shaft displacements



Fig. 4. Values of aluminium shaft displacement

Further proceedings of purely composite shafts are
analyzed, which are made from materials whose
characteristics are given in the table (carbon fiber / epoxy
resin, glass fiber / epoxy resin, aramid fiber / epoxy resin
and boron fiber / epoxy resin). The influence of material
type on the values of shaft displacement and shafts
deformations have been considered, as well as the effect
of fiber orientation angles. Initially, the case when the
fiber direction coincides with the long axis of shafts, has
been considered (fibers are placed at an 0° angle).

Carbon fiber / epoxy resin [04]1 Glass fiber / epoxy resin [04]1

=

-
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Aramid fiber / epoxy resin [04]7 Boron fiber / epoxy resin [04]7

Fig. 5. Displacement values for the angle of fiber
orientation [0,] 7

Deflection value
at fiber orientation of 0 °

Boron fiber / epoxy resin 0.283
Aramid fiber / epoxy resin 1.15
Glass fibers /epoxy resin 0.691
Carbon fiber / epoxy resin . 0.591 )
0 0./5 1/ 15

Fig. 6 Graphic representation of deflection value for
different shaft materials

In Figure 5, and especially the graphic representation
given in Figure 6 can be observed that the best features
(the least value of deflection) have shafts made of boron
fiber / epoxy resin and carbon fiber / epoxy resin, and the
worst qualities have aramid fiber / epoxy resin shafts.

Behaviour of materials at the fiber orientation angle of
30°, can be seen in Figures 7 and 8.
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Aramid fiber / epoxy resin [304]7 Boron fiber / epoxy resin [304]1

Fig. 7. Displacement values for fiber orientation angle
[3047

In the case of fiber orientation of 30°, the same
conclusions apply, as in the previous case. It has been
noticed that aramid fibers show even worse traits, while
the glass fibers and carbon fibers behave similarly.

Deflection value at fiber orientation
of 30 °
Boron fiber / epoxy resin 0.57
Aramid fiber / epoxy resin 2.458
Glass fibers /epoxy resin 1.088
Carbon fiber / epoxy resin / 1.017 |
0 1 z/ 3

Fig. 8. Graphic representation of deflection value for
different shafts materials

At fiber orientation of 90° (fibers are placed transversely
to the longitudinal axis of shafts) the values calculated
values of displacements are shown in Figures 9 and 10.
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Aramid fiber / epoxy resin [304]7 [904]7 Boron fiber / epoxy resin [904]1

Fig. 9. Displacement values for fiber orientation angle
(9047
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Deflection value at fiber orientation
of 90 °

Boron fiber / epoxy resin 0.673

Aramid fiber / epoxy resin 3.105

Glass fibers /epoxy resin 1176

Carbon fiber / epoxy resin

0 1 2 3 4

Carbon fiber / epoxy resin

Carbon fiber at fiber
orientation of 90 °

Carbon fiber at fiber
orientation of 30 °

Carbon fiber at fiber
orientation of 0 °

Fig. 10. Graphic representation of deflection value for
different shafts materials

Unlike the previous two cases (0° and 30°), at angle of the
fiber orientation of 90°, all materials show significantly
poorer properties, especially the carbon fiber. It was to be
expected as it relates to the elastic modulus in transverse
direction, which is much smaller than the module in
longitudinal direction. Hence, there is the following
recommendations regarding orientation angles of these
fibers which are not to be used in the preparation of
bending shafts.

Finally it can be concluded, when material impact
onvalue deflection is concerned, that the worst
characteristics are of aramid fiber/epoxy resin , preferably
boron and carbon fibers . Looking at figures 11. and 12.,
there is the obvious difference in value of the maximum
deflection when it comes to aramid and carbon fiber /
epoxy resin.

Fig. 11. The maximum shaft deflection of aramid fiber /
epoxy resin

Fig. 12. The maximum shaft deflection of carbon fiber /
epoxy resin

The way the angle of fiber orientation affects the value of
the maximum deflection of bending shafts, may best be
seen in Figure 13. for the case of carbon fiber / epoxy
resin, that is, in Figure 14. for the case of glass fiber /
epoxy resin.
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Fig. 13. The influence of fiber orientation angle on the
deflection value (carbon fiber / epoxy resin)
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Glass fibers at

fiber orientation
of 90 °

1.176

Glass fibers at
fiber orientation
of30 °

1.088

Glass fibers at
fiber orientation
of 0 °

0.691

Fig. 14. The influence of fiber orientation angle on the
deflection value (glass fiber / epoxy resin)

The influence of fiber orientation angle on the value of
deflection for the case of aramid fiber / epoxy and boron
fiber / epoxy resin can be seen in Figures 15 and 16

Aramid fiber / epoxy resin
Aramid fiber at fiber

orientation of 90 °

Aramid fiber at fiber
orientation of30 °

Aramid fiber at fiber
orientation of 0 °

0.0

Fig. 15. The influence of fiber orientation angle on the
deflection value (aramid fiber / epoxy resin)



Boron fiber at fiber
orientation of 90 °

Boron fiber at fiber
orientation of 30 °

Boron fiber at fiber

0.283

Boron fiber / epoxy resin

0.673

0.571

orientation of 0 °

Fig. 16. The influence of fiber orientation angle on the
deflection value (boron fiber / epoxy resin)

The lowest value of deflection at a load of bending, for all
of the analyzed composite materials, is achieved at an
angle of the 0° fiber orientation.

Besides the deformations, the stress values have been
analyzed as well. The first analysis has been performed
for case of the steel shafts on the existing model.
Analytically determined steel shafts stress value of is
o = 7.457 MPa. If this value is to be compared with the
numerical value obtained from Figure 17, it can be
noticed that there is a good compliance of results, since
the difference does not exceed 1.8%, which is quite
satisfactory.
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Fig. 17. Stress distribution for steel shaft case

When it comes to laminate composites, such as in this
case, we should bear in mind that their strength depends
on the strength of each layer which exists in it. Failure
comes with the most critical stress state. In order to
eliminate the appearance of failure in all laminate layers,it
is necessary to define the area of allowed stress for each
layer. Resistance of laminated shell depends on the ratio
of the initial failure FI, the smaller the coefficient the
greater the fracture resistance of a shell on the effect of
loads.

According to Tsai-Wu's fracture criterion, condition to
avoid failure in any of the layers is FI <I. This criterion
is met for all types of analyzed material as well as all the
angles of the fiber orientation.

In the further proceedings purely composite shafts have
been analyzed. The influence of the type of material on
the stress, as well as the effect of angles of fiber
orientation, have been considered. Initially, the case when
the direction of fibers is placed at an 0° angle is
considered.

Carbon fiber / epoxy resin [0:] Glass fiber / epoxy resin [0:]

1L
amr

Aramid fiber / epoxy resin [0:] Boron fiber / epoxy resin [0.]

Fig. 18. Stress distribution for fiber orientation angle of

00
. . . °

Stress value at fiber orientation of 0

Boron fiber / epoxy resin 5.66
Aramid fiber / epoxy resin 91

Glass fibers /epoxy resin 7.95
Carbon fiber / epoxy resin 631
0 5 10

Fig. 19. Influence of composite materials on stress value

At fiber orientation of 90° degrees, obtained stress values
are shown in Figure 20., and the effect of material type on
the value of stress in Figure 21. Based on this analysis we
can conclude that the best properties are of boron and
carbon fibers.

Carbon fiber / epoxy resin [90,] Glass fiber / epoxy resin [90,]

Aramid fiber / epoxy resin [90.] Boron fiber / epoxy resin [904]

Fig. 20. Stress distribution for fiber orientation angle of
90°

325



transmission shafts, International Congress Motor

Stress value at fiber orientation of Vehicles&Motors 2010, Kragujevac, Serbia, 2010.

90° [SNAVEEN RASTOGI, Design of composite
, driveshafts for automotive applications, SAE World

Boron fiber / epoxy resin 6.78 Congress Detroit, Michigan, 2004.
[6] CHIH-YHIH-YUNG CHANG?, MIN-YUNG
Aramid fiber / epoxy resin 12.05 CHANG, JIN H. HUANG", Vibration analysis of
Glass fibers /epory resin 8.964 rotating composite shaft containig randomly oriented
reinforcements,  "Department  of  Mechanical
Carbon fiber / epoxy resin 6.93 Engineering, National Chung Hsing University, 250,

. . o s Kuo-kuang Road, Taichung 402, Taiwan, ROC,

®Department of Mechanical and Computer-Aided

Engineering, Feing Chia University, 100 Wenhwa
Fig. 21. Influence of composite materials on stress value Road, Taichung, 407, Taiwan, ROC

[7]1 LEE D.G., KIM H.S., KIM J.W., KIM J.K., Design

4. CONCLUSION and  manufacture of an  automotive  hybrid

aluminum/composite  drive  shaft, = Composite
In this paper, the analysis of stress and deforming of Structures. Vol. 63. 2004.. 87-99.
composite materials shafts is done. In the paper, the [8] RANGAS’WAMY’ T., ’ VIJAYARANGAN S,
model of a composite shafts is formed, and based upon CHANDRASHEKAR R.A.. VENKATESH T.K.
composite materials features, numerical analysis has been ANANTHARAMAN K., Op;imal design and analysis’
carried out. of automotive composite drive shaft, Intrenational
Creating of models and networks, as well as post- Symposium of Research Students on Materials
processing, is done in FEMAP 9.3, and for the analysis Science and Engineering, Chennai, 2002.

program NX NASTRAN has been used.

Firstly, the real dimension of shafts of steel and aluminum
are analyzed, and obtained stress values and deflections CORRESPONDANCE
are compared with analytically calculated values, upon
which a good correlation of results is shown. Then, we
moved to shaft analysis of composite carbon fiber / epoxy
resin, glass fiber / epoxy resin, aramid fiber / epoxy and
boron fiber / epoxy resin.

By changing the orientation angles of fibers in layers,
their impact on the value of stress and deflection is
considered, taking into account the initial failure ratio
FI <1 for each laminate layer, and value of this ratio to be
approximately the same in each layer.

The best -characteristics have boron and carbon
fiber/epoxy resin, and it can be noticed in the results
obtained in this paper, hence the resulting
recommendations for their application in practice.

Based on the results and all the foregoing, it is
recommended that extensive application of composite
materials in all areas as well replacing conventional
materials in preparation of by composite shafts.
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