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Abstract: Recently, the usage of polymer composite materials has been increased significantly. Glass fiber
reinforced polymer (GFRP) composite materials are preferred for different areas such as aviation, railway, energy,
defense and so on due to their high thermal and tensile strength. The most common methods for joining composite
machine parts are bolts and rivets, etc. In this study, Pullout tests were performed with metric, knuckle, buttress,
trapezoid and square profile screws to determine the effect of different screw threads on the pullout force. The
bolts were taken to have a diameter of 16 mm and feed of 2 mm. In addition, a finite element model was created
for determining the von-Mises equivalent stresses and total deformation. The metric thread profile gave the best
results both in FEA and in experimental studies. The numerical and experimental results were in a good agreement
could be concluded.
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Cam Elyaf Takviyeli Polimer Kompozit Malzemelerde Farkh Vida
Profillerinin Siyirma Kuvveti Uzerine Etkisi

Ozet: Son zamanlarda polimer kompozit malzemelerin kullanimi 6nemli 6lgiide artmstir. Cam elyaf takviyeli
polimer (CETP) kompozit malzemeler, yiiksek termal ve ¢ekme dayanimlarindan 6tiirii havacilik, demiryolu,
enerji, savunma ve bunun gibi farkli alanlarda tercih edilmektedir. Kompozit makine pargalarinin birlestirilmesi
icin kullanilan en yaygin yontem civata, percin vb. elemanlar ile birlestirme islemleridir. Bu ¢alismada farkl vida
dislerinin styirma kuvvetine etkisini belirlemek amaciyla metrik, yuvarlak, testere, trapez ve kare profilli vidalarla
styirma testi gergeklestirilmistir. Civatalarin ¢aplart 16 mm ve adimlari 2 mm sabit olacak sekilde alinmistir.
Ayrica sonlu elemanlar modeli olusturularak, von-Misess esdeger gerilmeleri ve toplam deformasyon miktarlart
hesaplanmistir. Siyirma kuvveti test ve analiz sonuglarinda metrik dis profiline sahip vidanin daha iyi oldugu
saptanmustir. Sayisal ve deneysel sonuglarin iyi bir uyum igerisinde oldugu goriilmektedir.

Anahtar Kelimeler: Vida Profilleri, Styirma kuvveti, Cam Elyaf Takviyeli Polimer, CETP, Civata.

1. INTRODUCTION

Fiber reinforced plastics have been widely used
for manufacturing aircraft and spacecraft
structural parts because of their particular
mechanical and physical properties such as high
specific strength and high specific stiffness.
Another relevant application for fiber reinforced
polymeric composites (especially glass fiber
reinforced plastics) is in the electronic industry,
in which they are employed for producing
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printed wiring boards [1]. As structural
materials, it is not possible to combine
composite laminates into other metal material
structures[2], and combining bolt-through
efficiency and quality is significantly dependent
on the quality of the processed holes[3] . Various
drilling operations a commonly used to produce
riveted and bolted joints during assembly of
composite laminates with other components. For
rivets and bolted connections, holes must be
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drilled undamaged and precision parts to ensure
high connection strength and sensitivity.
However, some special characteristics of
composite laminates such as nonhomogeneous,
anisotropic, and highly abrasive and hard
reinforced fibers, result in them difficult to
machine [4]. Several undesirable damages (such
as delamination, and fiber pullout) induced by
drilling drastically reduce strength against
fatigue, thus degrading the long-term
performance of composite laminates [5-7]. A
usual approach to realize such a bolted
connection within FRP is the use of bonded or
during the lamination process, integrated
threaded metallic inserts or outserts. Although it
is possible to realize screwed joints in FRP parts
by using these inserts or outserts, it requires quite
a lot of effort [8, 9].

Table 1. Mechanical properties of GFRP composite material.

Therefore, the aim of this study is to investigate
the effects of the most effective profile on the
pullout strength were investigated in screw pull
tests using 5 different thread profiles and bolts.

2. MATERIALS and METHODS
2.1. Experimental Methods

In this study, the tensile test to determine the
mechanical properties of GFRP composites were
carried out in the Ceast Impactor accordingto TS
EN 1SO 527-4 Type 1B standards and in
accordance with TS EN ISO 179-1, the Charpy
notch impact test made on the ZWICK Z 250
universal drawing device. The test results are
given in Table 1.

Density (gr/cm®)  E-Mod (N/mm?)

Tensile Strength (N/mm?)

% Elongation ¢ Impact Strength (kJ/m?)

2.48 9749

1.9 92.53

In order to determine the stripping forces of the
screws with different profiles, the guides and
bolts of the DIN 1.7225 refinement steel were
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manufactured to thread the Metric (DIN 13),
Trapezoidal Thread DIN 103, Square Threads
DIN 603, Buttress Thread DIN 513 and Knuckle
Threads DIN 405 screws (Figure 1).

Figure 1. The guides and holts used in experiments.
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GFRP composite material with dimensions of
340 x 160 x 20 mm was first drilled in the
appropriate thread diameter measurement at the
Jhonford CNC vertical machining center and
then screws were tapped using the guides of each
group (Figure 2). A SHIMADZU tester with a

.
v
<

tensile capacity of 50 kN was used to perform a
pull out test at a screw pitch distance of 5 mm /
min speed, and measurements of the pull out
strengths of the screws were recorded to a
computer. Each stripping test was repeated 4
times and the mean values were considered.

Figure 2. The drilling and tapping operation by CNC milling machine.

2.2. FEM simulation method

In this study, the pullout test was Finite Element
Method (FEM) analyzed using
ANSYS/Workbench software for validation

G: Metric
Static Structural
Tirme: 1, 5
28.03.201810:30
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purpose. In pullout simulations, a prismatic
workpiece measuring 30x30x20mm? was used
(Figure 3). The work piece material properties
from the material mechanical properties for
analysis was chosen (Table 1).
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Figure 3. Boundary conditions and the mesh models of the composite nuts and bolt.

3. RESULTS and DISCUSSION

Glass fiber reinforced composite materials are
one of the important classes of materials that
change conventional engineering materials due

to their excellent properties compared to metallic
materials. The combination of structures is an
important issue. Normally the structures are
joined by drilling and riveting and or by using
fasteners. The effective joining is achieved by
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using proper drilled holes in the workpiece
material. Due to the thrust developed during
drilling, many common problems exist. Such as
fiber breakage, matrix cracking, fiber/matrix
debonding, fiber pull-out, fuzzing, thermal
degradation, spalling and delamination. The
quality of the hole obtained in drilling are mainly
depend upon thrust force. In drilling of
composite laminates, the uncut thickness to
withstand the drilling thrust force decreases as
the drill approaches the exit plane [10].

Metric

Force (kIN)

1 1.5
Ddsp. (mmmj

Square
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r

0,3 |

Faorce (kN)

In this context, the test results of the tests
performed on the mechanical tests SHIMADZU
AG-X brand 50 kN capacity extruder are shown
in Figure 4. The maximum pulling force was
measured as 41.572 kN in the metric screw
profile. The minimum pull force is measured as
17.047 kN in the trapezoidal screw profile. The
maximum pullout measured for the other thread
amount is Buttress 25.792kN, Square 18.484kN
and Knuckle 28.67kN.

Buttress
N
|1.i‘-|J- {mm}

Trapezoidal

Diisp, {rmm)

Disp. {mump

Figure 4. Pullout test results of thread profiles.

The results of the FEM analysis show that the
total deformation obtained in Figure 5 and the
von-misses stress results in Figure 6. In
modelling results made in accordance with
experimental working conditions, it has been
found that for the modelled thread profiles,
stresses and deformation occur in the thread of
the screw.
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Figure 5. Total deformation analysis of ANSYS model for each thread profile (a. Metric, b. Trapezoidal, c. Square, d. Knuckle
and e. Buttress).
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The resistance of the threaded studs that are
axially forced by the bolt against bending and
cutting are reduced by the increase of the screw
profile angle. One of the most important factors
on bending and cutting is the resistance against
cutting the thread at the moment of pulling. The
obtained value of pullout strength based on
experiments are in accordance with the values

Unit: k4Pa
Tirne: 1
20.05.2018 09:35

380,48 Max
345,59
31,3
276,71
242,12
207,53
172,95
138,36
103,77
69,178
34,554%.000
2,8856e-12 Min

Figure 6. Equivalent (von-Mises) stress analysis of ANSYS model.

In Figure 7, comparison of stripping load
according to the experimental and analytical
solution for thread profile.
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reported in literature [11]. The distribution of
von Mises stress around screw threads are shown
in Figure 6. The location of maximum von mises
stress was observed at last thread of screw. These
observations are consistent with the studies in
literature by Chatzistergo et al. and Varghese,
V., etal. [12, 13]

mFEM

Square Trapezoidal

Figure 7. Comparison of pull force according to the experimental and FEM solution for thread profile.

The minimum pullout force 16.833kN was
obtained at square thread profile as shown in
Figure 7. On the other hand the maximum
pullout force 41.151kN was existed at metric
thread profile. Because of the contact area

increasing, the triangular profile was indicated
maximum pullout strength [14]. Experimentally
found triangular thread to have higher pull out
strength than square thread that observed at
another study [11]. As can be seen, there are
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parallel results in our study. However the
maximum deviation of the experimental via
numerical solution was calculated 10.51% while
buttress thread profile considered, the minimum
deviation 0.32% was observed at trapezoidal
thread profile. The numerical and experimental
results were in a good agreement could be
concluded.

4. CONCLUSIONS

In this paper an experimental and numerical
analysis of GFRPs thread profile geometry was
developed. The numerical model was validated
comparing to experimental results for stepped
geometry. Good accuracy was observed when
predicting pullout force and deformation factor.

Through this research, the following conclusions
can be summarized:

eWhen the pullout strength and
deformation results are evaluated together, it is
determined that the most effective thread profile
is the metric thread profile.

e Square and Trapezoidal thread profiles
have little resistance to pullout force.

o Metric thread profile should be preferred
for threaded joints of GFRP composite materials.

e It has been determined that the results of
the ANSYS Workbench Static Structural
modeling for GFRP screw pull are in agreement
with the experimental results.
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