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Abstract

Inconventional tube sinking process, a tube is pulled through a shaped die, Friction occurs
between the tube and the die which leads to the reduction in die life due to wear. There is a
new technique using die-less tube sinking in which the smallest die bore size is greater than
the incoming tube outer diameter. The tube passes through pressure fluid (polymer melt) inside
the pressure unit of different geometry, hydrodynamic pressure is generated due to the pull of
the tube through the pressure unit. The deformation of the tube is caused by the combination of
pressure occurs and the drawing stress applied to the tube by the pulling force. In this research,
a theoretical study of the pressure distribution within a combined unit through, and study of the
deformation process of the tube also has been studied . The unit used in this study consists of
two parts a parallel bore and tapered bore sections, results will be useful in understating tube
sinking using such new technique.

Nomenclature

p Pressure gradient in the pressure unit.

Tt  Shear stress in the fluid in the pressure unit.
1. Shear stress on the tube in the pressure unit.
ox Axial stress in the tube.

Pstep  Pressure at the step.

Pmax Maximum pressure in the pressure unit.
Q Flow of the fluid in the pressure unit.

u Velocity of the fluid.

V  Velocity of the tube.

h: Initial gap in the first part of the unit.

h, Initial gap in the first part of the unit.

hs Final gap in the second part of the unit.

L: Length of the first part of the unit.

L, Length of the tapered part of the unit.

p  Viscosity of polymer melt.

h  The position of maximum pressure.

P Hydrodynamic pressure exerted on the outer surface of the tube.
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1 INTRODUCTION

Hydrodynamic means dynamics of fluids under certain flow condition, the hydrodynamic action
generates very high pressure in the converging gap. This action is caused by existence of viscous
fluid ( like polymer melt ) between two surfaces . The moving surface drags the fluid into the gap
formed between it and the fixed surface and the relative motion between the moving surface and
the fluid gives rise to the pressure [1,2]

The magnitudes of the hydrodynamic pressure are dependent on various parameters, such as the
viscosity of the fluid, the geometrical shape of the surfaces as well as the relative speed between
the moving and fixed surfaces [3,4].A number of studies have been carried out applying this
phenomenon to plastically reduce the diameter of wires and tubes by drawing through different
pressure units. The first attempt to employ hydrodynamic action was described by Christophrson
and Naylor [5]. They employed a long tube with very close tolerances, attached to the front end
of a conventional die. Investigation of the adherence of polymer coat [6,7]. Further investigation
was carried out by Stevens [8] , who designed a hydrodynamic pressure tube coating unit
consisting of a pressure tube connected to a conventional die. M. I. Panwher [9,10,11]. In this
technique, the wire is pulled through a tubular orifice of stepped and conical bore shape, which is
filled with viscous fluid as shown in figure (1). Results have shown that products having
comparable dimensional and surface qualities can be achieved using this method. The only
limitation observed during this process was the decrease in the reduction of the wire diameter at
higher drawing speed[13].

2 PRESSURE DETERMINATION

Fig. 1 Combined Unit

The relationship between the pressure and shear stress gradient between the outer surface surface of the
tube and the inner surface of Polymer zone

The relationship between the shear stress and the rate of the shear for the Newtonian fluid is
given by:

= u(5) (2)

1
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Where g is the viscosity and ,is the fluid velocity at a distance ¥ from the surface of the
tube . Integrating equation (1) with respect to ¥ and noting that (dP/dx ) is constant with
ywe have:

T, =P YT, (3)

Where p' = (dP/dx) and e, is the shear stress on the tube surface at ¥ = 0, substituting
for =, from equation (2) into equation (3) we have:

du ,
H(d_}’)l = p, ¥yt

Which after integration becomes,
pus= (p1y2) /24 Ty + ¢
Dividing by p
u=(pyyi)/2n+ v 0+ c/n (4)

Applying the boundary condition that at ¥ =0 (at the surface of the tube) u; = v,we
have: C; = puw, so that

w=(p1y*)/2 n+ (t,47)/ u+ vy (5)

Applying the boundary conditions that at y = h,(at the surface of the unit) u,= 0 in equation
(5) and rearranging we have:

TS, = —[p{}rzjfz,u — (pvy)/hy
Te, = —(p1hy)/2 — (uvy)/hy (6)

The flow of the pressure medium in the first part of the unit@,, is given by:

h‘_
@4 :J. uy dy
0

Which upon substituting for 2, from equation (5) we get:

h‘_
Q4 =J ((p1y®)/2p+ (z.,3)/ p+ v, ) dy
o

The above, after integration becomes,
Qy = (p1 hi)/6u +vyhy+ (T hT)/2p
Substituting for Tc; from equation (6) into the above equation we get:

Q, = —(pihd)/12p+(v hy)/2  (7)
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Wherep; = (dP/dx).
The continuity of fluid flow gives:(d@/dx)+ (d@ /dy) + (d@/dz) =0
But (d@/dy) = (dQ/dz) =0, and Hence (d@/dx)=0
Therefore, forgiven h,,h, and v, , (d@/dx) in equation (7) must be constant.
Therefore:
(dP/dx) = p;=P,,,/L, = constant.

P...,1S the pressure at the step and L, is the length of the first part of the unit. It is shown that
the pressure profile in the first part of the unit is linear.

The pressure at any point x; < L, is given by:

= | o = Pl ®
0
p= P_?rs,pWhen x,= Ly
Psts'p - {[(T)((hs)‘;)(:,)‘)]l-l- (Tl) {h_, B _5)} 9)
{H (\ZB_L-,_)[Ehs)"‘_ u:h,)n)}

From the geometrical configuration figure (1), the gap between the second part of the unit and
the surface of the tube is given by:

h, — h,
h= h,—Bx,, Where B=(‘L )

Then the maximum pressure equation is obtained by substituting h for h in equation (9).

Thus,
By (1 1 h
Frna _( B )(2}1 h z(ha)z)(wj

Where:

- hi% P
h=h, |——=¢ (11)
6uvL,

The axial stress on the tube at any point distance x,from the entry can be obtained by
considering the shear force action on the surface of the wire Thus,

Jx._ = (Tc._xlj -fD

- (- 2)[(B22) + (5 (12
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2.1 Pressure in the 2" part;

It is necessary to establish the flow equation for the second part of the unit before P step can be
predicted. The pressure gradient within the second part of the unit under steady state flow

condition may be expressed as,
(2)=(%) (19)

The shear stress and the shear rate related by:

duiz
T, = u (d—) (14)
Differentiating equation (14) w.r.to y gives,
dta _ d2us
(5) K ( dy? )
Substituting for%from equation (10) into the above equation , integrating w.r.to y gives.

(Z)y+e,= (15)

x dy

Where c_ is constant, the above equation upon integration again w.r.to y becomes:
(@7 (@) rerremmm a9

dx [/ 1 dx

Where czand ¢4 are constants.

The boundary conditions need to be applied to determine the ¢, and ¢, .Thus,

The boundary condition at the wire surface, (a;)y =0, u=V

And at the surface of the unit, (b)y=h ,u=0

Where V is the velocity of the unreformed tube .Substituting condition (a;) into the above
equation gives.

c, = uVv

Applying condition (b,) gives:

B (dpg)h- [(dpg)Eh] uV
T\ )2 a2 T

Substituting for c¢_and ¢, into equation (16) gives.

_ (gt _ (dm\ Ry _ ¥y

uz_(dle,u_ (dx]:,u h+v (17)
_1(dP) 2 by 4 o1 v

=& 0" —hy) +u(1- ()

The flow equation in the second part of the unit is given by:

R
@z = J uzdy
0
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Which after integration becomes:
_ %)E_(%)(E) vh
QE (d:r Bl dx 4u t 2 (18)

Differentiating the above equation w.r.to x and integrating again and noting that dQ,/dx=0

we have,
[(Zi)::] + [(ii}h:] =Vhtc (9

Where c3 is a constant

d
The maximum pressure occurs at the point where (ﬁ): 0, so let h =k~ be the gap
thickness at that point which gives,

c =—Vh

Which after substituting back into equation (19) gives,
dpz2\ h? dpz\ h® - _
[(E)a:l + [(E)ﬂ +V[h —h]=0
Rearranging after dividing by (hs/6) gives,
d“pz _ 1 h~
(&) =[5l

Integrating w.r.to x and noting that the shear stress at the tube surface remains constant for a
given speed,

— BuV 1 B R~
pz - B [':h:_ﬂxzj' :':hz—ﬂl'z:'z] + '5'5 (20)

Where P; is the pressure at any point within the second part of the unit and c¢ is a constant.
The boundary condition that may be applied to determine the constant cs is,

_—G_U.V[l h'}
“" "B |hy 2ha®

»,=0, at X, = Lz andh =h3 so that,

S RN S
: B |(h2-Bx,) Elih:—ﬁ'xz:lz B |h, 2h? (21)
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Substituting back for ¢, into the equation (20) we get,

_6uV[1 1 h h
pg—? R RZ ' 2R 2k
3 3 z
When p, =P, at h = ha this gives,’
guv [1 1 R ho
Potep="3 [hz hs H 2h;? thz:l (22)
The continuity of flow gives, Q:=Q;

Equating equation (7) and equation (18) gives,
dp;\ h° dp,\ %] | VR _
o=-[(%) uJ - [(;)a] TTE0 (20)

For maximum pressure (dP, /dx) = 0 at h = h™ so that,

vV

Q2=—h=Q1

and,

- 29,
h™=— (23)

Referring to figure (2), which represents an element in the continuum of the tube. The
maximum and minimum stresses are the axial pulling stress and the hoop stress respectively.
Resolving forces in a pressure direction is made to show the stress order, thus

P+ d9$1=20-2t5m'2—93 1

For small angles sin (d€ /2) = (df /2) in radian. Cancelling and rearranging the above
equation, we obtain the following relationship is obtained:

P=(")e (24)

Where, (o)) is the internal hoop stress, (t) is the thickness of the tube, () is the internal radius
of the tube, and (d€) is the radial angle defining the element.

Since (t/(r, +t)) is less than one, thus P < g,

Since the pressure and the hoop stress are compressive stresses, then the hoop stress is used in

Tresca yield criterion to define where yield commences. The pressure can be represented upon
substitution into equation (24), and rearranging yields:

U_'irﬁt]&uv[{ 1 R } {1 h}]
Z Bt LUn-By) 20n-Bp)') g In (25)

32 Al a slall g dsaigll & sad) dlaa
(Lad — 052 ) 2018 rewsd — (1) alaall — ualdll 2asl)



JOURNAL OF ENGINEERING RESEARCH AND APPLIED SCIENCES (JERAS) %\’%
6" Edition —VVolume (1) - December 2018, ( Hoon — Libya ), ISSN 2414-6515 () By

L

The analysis of the stress and the drag force in the tube sinking process is the same as in the
wire drawing process, after replacing (D,) by (Ds) and (Ds), thus the axial pulling stress is

given by:

M=

R4 4wby [ W W m[(hi—ﬁx}
woi-0f)  B(pj-0})lGh-By)

] (26)

Where, (a1) is the axial pulling stress in the tube, (D, ) is the outer diameter of the tube, and

(D,) is the inner diameter of the tube.
The pressure at any point (x) within the orifice may be expressed by:

_ Guv 1 K e
p= B [{':hi—ﬁ‘:r} :(hi—ax}z} {hi :hﬁ}] (27)

3 ANALYSIS AT THE DEFORMATION ZONE

The combined effects of the axial stress and the internal hoop stress will cause plastic
yielding of the continuum at any point (x), within the orifice as soon as the plastic yield
criterion becomes satisfied. In the wire drawing process the flow stress is expressed by:

Y=Y.+Ae" (28)
Also Tresca yield criterion
g+ o, =Y, (29)

Thus for a known value of (Y.), equation (29) can be solved for (x;) after substituting for (&1)
and (oz) from equations (28) and (29) respectively. Once plastic yielding is predicted to

commence for given values of (u), (v) and the geometrical dimensions of the orifice, further
permanent deformation of the continuum should continue to take place as long as:

g1+ g2 = V=Y. 440 (30)

4 PRESSURE AND THE HOOP STRESS IN THE DEFORMATION ZONE

The pressure gradient equation which is represented, and the finite difference of
wire drawing can be used in tube sinking analysis after replacing (D;) by (Do) and (pi.1) by
(Doui_,)- Substituting into equation (24) gives the hoop stress, thus it can be written in a finite

difference form as:

(i +8)

o2 =5 4 [,y + euay (2 - 2] (31)

hl

» Aindaill o slall 5 dunigll & gad) dlae

(Lad — 052 ) 2018 rewsd — (1) alaall — ualdll 2asl)



JOURNAL OF ENGINEERING RESEARCH AND APPLIED SCIENCES (JERAS)
6" Edition —VVolume (1) - December 2018, ( Hoon — Libya ), ISSN 2414-6515

5 AXIAL STRESS IN THE DEFORMATION ZONE

Referring to figure (2.a) which show an element of the continuum within the deformed profile
of the tube, the increment in axial stress may be expressed as:

doy _ Ty (H'?'.-.r.) _ Yiana (32)

dx Ery, \CcoBa Pin

But cos (a) =1 (for small angles) and since (1) is given by:

Tx=—£(41?—

3vgh —) (33

Then by substituting for (tx) and cos (o) in equations (32) and (33), it becomes:

dey _ pltdr,) (4?} Hunh—} ¥tan &
dx REry, in (34)

This can be written in finite difference form as:
II-'L":III:E+?:|_rI_|} (41:". _ Eunh_) _ Y,b,.ﬂ.‘-t‘

T1; = T15-
1i 1i-1 + Bt T R, Pins (35)
— 0y 2ln
Where V., =¥.+Ailn o
P\ o,+ 0o,
/’/.‘ \3’/- ,»//7 T ~
U B el
G e
{ s ,,—'.>>/}‘\
_l e~ - /(,Z\ o-’ N
."‘ / -"“ !/m + (?,.i,'l
: . S o oA
‘«' ' "/””"yH. / '//
et K-
2y C(,n i(\ =
A = NP
4 .
r)'-_ S

Fig. 2 plasticity zone: (a) the stresses acting on a small element of the tube .
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Fig. 2 Plasticity zone: (b) the deformation configuration.

6 ANALYSIS AFTER DEFORMATION HAS CEASED:

The deformation of the tube ceases completely at some distance before the exit of the die-less
reduction unit, taking a final shape (diameter) to the tube. In order to determine the pressure in
this region, the analysis of this region is similar to that before the deformation begins, thus:

F= 5;,1; [{(hl —1 Bx) z(hlh—_ﬁsz}_ {hil B ;h;ﬂ

7 RESULTS AND DISCUSSION

Mathematical model of die-less tube sinkingassuminga Newtonianpressure medium through a
combined unit is carried out. A finite difference numerical technique is used to determine the
pressure distribution, and the resulting non-linear deformation profile of the drawn tube was
plotted.

7.1 Pressure Distribution

The pressure is a very important parameter in the process of die-less tube sinking, because the
pulling action of the tube through the viscous fluid generates hydrodynamic pressure and gives
rise to drag force see Figure (3). Depending on the type of the fluid and the unitdimensions, the
combined effect of the pressure and the drag force can be sufficient to cause plastic yielding
and subsequently to deform the tube permanently.
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Fig. 3 Theoretical results of pressure distribution

7.2 Deformation Profile

Figure (4) illustrates the effect of drawing speed on the deformation tube sinking (1,
1.5, 3) m/s. That as the drawing speed is increased the reduction ratio also increase.(v=1m/s , x
=0.013m ,P=60 MN/m? ,present reduction in area was 69% ) , (v=1.5 m/s , x=0.011m , P=65
MN/m?, percent reduction in area was 81%) , (.(v=3 m/s , x =0.008 m , P=71 MN/m? ,percent
reduction in area was 92%) , figure (5) illustrates the effect of viscosity on thedeformation.
This figure shows the deformation for three different values of viscosity at the drawing speed
of 1 m/s and (p= 50, 100, and 150 N.S / m?) and illustrates when the viscosity increases,
thedeformation is increased at (x = 0.011, 0.013 and 0.017 m)percent reduction in area was (35
, 47 ,79%) . Another effective parameter affecting the tube deformation is the thickness of tube
wall, which is shown in fig. (6). It can be seen that as thickness constant increases the
reduction ratio decreases.(t =0.001, 0.003 m). at (x=0.08 m, 0.011m) ,percent reduction in area
was ( 90 , 60%) figure (7) shows the variation in percentage reduction in diameter with the
drawing speed for different values of Li/L,. This figure shows that for higher values of Li/L,,
greater percentage reduction in diameter is obtained at a given drawing speed. Figure (8) shows
that variation in percentage reduction in diameter with the drawing speed for different values of
the gap ratio. This figure shows that for higher values of h;/h,, greater percentage reduction in
diameter is obtained, at a given drawing speed. (hi/h,=10 ,x=0.014m , hi/h,= 6 ,
x=0.008m),percent reduction in area was (69 , 90 %)
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Fig. 4 Theoretical effect of various drawing speed on deformation
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Fig. 5 Theoretical effect of differentviscosity values on deformation
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Fig. 6 Theoretical effect of various thickness of tube on deformation
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Fig. 7 Theoretical effect of various ratios (Li/L,) on deformation
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Fig. 8 Theoretical effect of various gap ratios (hi/hz) on deformation

8 CONCLUSIONS

1- A theoretical analysis of tube sinking using a novel technique in which a die-less
reduction unit ( parallel and tapered) in conjunction with a polymer melt is presented.

2- The plastic deformation starts and ends before the pressure reaches its maximum value.

3- The deformation profile of the tube is non-linear.

4- The deformation starts at a distance from the die entry when Tresca law is obeyed.

5- Deformation ends at a distance before the die exit as soon as Tresca Law is not valid .

6- As the drawing speed increases the deformation range decreases.

7- The drawing stress attained in this technique is less than that obtained using
conventional dies.
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Abstract:

In the present study, friction coefficient of fibre reinforced polymeric composites is predicted
by developing neural network model as a function of several input parameters, i.e. the sliding
distance which is (0-50km), the applied load (30-50-70-100) N and the sliding velocity (2.8-
1.1-2.1-3.1-3.5) M/S. Data sets of all the process parameters of the studied Kenaf fibre are
received from an experimental study consists of 1096 data for the friction coefficient at
different operating parameters. Several models are developed and the optimum is selected
which is based on two hidden layers and a training function of GDM, and transfer function of
Purelin-Tangsig and 40 neurons. 70% of the experimental data is used for the training purposes
and the rest was used for the verification. In the verification, the error percentage was 20%.
The prediction was performed for parameters different than the experimental ones and the data
is collected and presented. The correlation between the ANN result and the experimental data
have been recorded as 0.8195 which reflect only 20% of error.

Key words: Friction coefficient, Artificial Neural Network, GDM training function.

1. INTRODUCTION experimental or real life data to recognize
] ] solutions. During the training, the ANN

It is known that the Mathematical model adjusts itself to establish the relation

models in res_earch are cannot mtroduce between the cause (input) and consequence

good correlation with the experlmental (output). The ANN model does not require

results because of the complexity of the any clear formula. Instead it is an implicit

work. In addition to that, it is consuming a model, trained to adopt and adjust itself to

lot of time to estimate such properties in perform certain tasks.

pure mathematical formula. The ANN technology is best suited in

As alternative, Artificial Neural Network following conditions:

(ANN) has been effective tool to predict 1. A huge database to train

many of the tribological properties. ANN is 2. Variability or noise in the database, which

a mathematical model inspired by the  cannot be recognized in mathematical

biological nerve system. ANN technology is equations.

used to solve complex scientific and 3. Nonlinear relation between input and

engineering problems which could be very output [1].

helpful tool for tribological applications.
The significance of this technology is that
ANN models can be trained based on
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2. LITERATURE REVIEW

ANN technology has been efficaciously
used to predict the wear behavior of
A365/SIC metal matrix composites (mmc)
(Rashed and Mahmoud, 2009). That study
has confirmed that considerable cost and
time could be saved by using ANN
technology to predict the outcome.
Likewise, ANN model has been developed
similar model for metal and silicon carbide
MMC(Muthukrishnan and Davim, 2009).
Back Propagation model of ANN has been
able to predict wear results, with errorof
2.4%. The inputs for the ANN model were
the metal and silicon carbide weight
percentile, and the test duration. This shows
that ANN could be professionally used as a
prediction method for composite materials.
ANN also has been used for automotive
friction materials performance prediction
(Aleksendric and Duboka, 2006). Also,
another work has been completed on
temperature sensitivity of friction material
or the fading performance (Papalexopoulos
et al.,, 1994). The fading performance of
friction material, regarding the
manufacturing condition has been simulated
by ANN technic. 360 data have been
utilized to train 18 ANN models with 5
verities of training algorithms. The ANN

models have predicted the fading
performance  for unknown  variables
(manufacturing condition and material

property). Relating these input parameters, it
has been presented that the developed neural
model can be used for predicting the fading
performance of the friction materials which
composition and manufacturing parameters.
Wear loss of Molybdenum coating, which is
a strong corrosion resistant, has been studied
(Rosen and Silverman, 1992). Mo coating
has been applied on ductile iron substrate
and the wear rate has been investigated upon
environmental plasma spray system. The
sliding wear against steel counter body has
also been experimented. A double layer
ANN model trained with the experimental
data has predicted results were reasonably
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good compared to the experimental results.
Used multiple layered back propagation
ANN models have been used to predict the
friction co-efficient and wear rate of Short
fiber reinforced thermoplastics (Bijwe et al.,
1989). A well trained ANN model has been
capable of predicting the outcome with
unknown input parameter with high
accuracy.

The ANN is inspired by the biological
nervous system and is used to solve a wide

variety of complex scientific
problems(LiuJie et al., 2007b). ANN
technology is used to solve complex

scientific and engineering problems (Nasir
et al.,, 2010). The significance of this
technology is that ANN models can be
trained based on experimental or real life
data to recognize solution (Nasir et al.,
2010). All the researchers have emphasized
that ANN have the ability to predict
mechanical properties .The predictive
quality of the ANN increased when
enlarging the datasets and by optimizing the
network construction (LiuJie et al., 2007b).
D. K. Prajapati and M. Tiwari, have used the
(ANN) technique to determining surface
parameters, friction and wear during pin-on-
disc tribotester. The test was performed
using pin on disc apparatus under room
temperature condition. The pin (25mm

long, 6mm diameter) was made of medium
carbon steel (AISI 1038) whereas the disc
(165mm diameter, 8mm thickness) is made
of high carbon steel (SAE 52100). The
experimental results obtained from wear
testing are compared with those obtained
using artificial neural network (ANN)
analysis, and a very good agreement in
results suggests that a well-trained neural
network is capable to predict the parameters
in wear process [9].

Chakradhar B. Et al, have presented an
experimental investigation and estimation of
surface  roughness using optimization
techniques -Artificial Neural Network
(ANN), Group method data handling (
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GMDH) and multiple regression analysis
(MRA) in high speed micro end milling of
titanium alloy (grade-5). They made a
comparative study to know the influence of
spindle speed, feed and depth of cut on
surface roughness of Ti-6Al-4V-titanium
alloy. They concluded that prediction
accuracy of neural network is higher than
other techniques that is in good agreement
with experimental values [10].

M. Akbari etal, (2014)used the artificial
neural network (ANN) as a model for
friction stir welding (FSW), to predict the
correlation between FSW parameters and
weld properties. They stated that one of the
most challenging problems is choosing
appropriate welding parameters in order to
produce sound joint. They employed
different  optimization techniques to
determine the optimized output parameters
by specifying the relation between the input
and output variables. They explained the
applications of optimization methods in
FSW, and basic principles of these
methods, such as Taguchi, genetic
optimization and multiobjective
optimization methods, were described [13].

3. METHODOLOGY

Matlab software was the main equipment
used in this research to design the artificial
neural network. Generally, basic steps were
carried in the methodology as follows:

e Collecting sufficient Tribology data
to use in development and training
the ANN

e Importing datasets to MATLAB

files.

Building the network.

Developing the ANN model
Training the optimal ANN network.
Comparing the experimental and
ANN results.

e Make Simulation and prediction for

a new tribology data.

S
&

3.1 DATA COLLECTION

Large volume of datasets which obtained
by experimental work has been used [14].
In previous study, raw Kenaf fibres were
studies to investigate the friction
coefficient. Composite surface specimens
(20 mm x 10 mm x 20 mm) were rubbed
against a stainless steel (AISI 304,
hardness=1,250 HB, Ra=0.1 pum) counter
face under dry/wet contact conditions
[14].A feature of a large data is that it gives
more accurate results. More than 1000
inputs in relation with more than 300 target
have been used to train the network. These
various data exported in Microsoft Excel
tables to be able used in Matlab software as
shown in Fig (1). Input data were the
sliding distance, applied force and the
velocity while the friction coefficient was
the target. Also, the data would be
separated into two parts. Firstly, training
data set which used in training the network.
Secondly, testing data set that used to test
the accuracy of network performance in
later steps by making a comparison
between ANN result and experimental
result. It is important to note that the testing
dataset is the data which the network has
never seen them during the training
process.

3.2 IMPORTING DATA IN MATLAB
FILES

By choosing Neural Network Tool from
MATLAB toolbox, there is an option to
import the date from excel file into the
workspace of the Matlab.

3.2.1 IMPORTING INPUT TRAINING
DATA SET.

Input training imported by clicking on

“import” button, where the variables from

excel tables will be selected, and this group

of variables should be imported as inputs

with their own name.
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3.2.2 IMPORTING TARGET
TRAINING DATA SET

Locating the Training input data by click on
“import” button then select the variables
from excel tables and this group of
variables should be imported as target with
their own name. Figure (2) display the
network data manager where the target and
target data can be imported. Also, show
other keys that are used when creating the
network.

3.3 BUILDINGTHE NETWORK
331 CHOOSING THE
TRAINING FUNCTION

BEST

Training and learning functions are
mathematical manner consumed in Matlab
to automatically correct the network's
weights. Variety of training algorithms, are
supported by Neural Network Toolbox.
These training functions named GDM,

GDA, GDX, LM, 0SS, R, RP, and SCG.
The objective of the current step is to find
the best ANN training function to be used
in the ANN developed model. For this
reason, all the training functions that
available in the Matlab software will be
compared. Finally the efficiency of eight
different ANN training functions were
compared to choose the best function.
Table 3.1 shows the configurations of the
eight neural network and it can be seen
that number of neural were assumed to be
20display in the first layer variety of
training.
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Fig. 2 Print screen of Matlab software
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Fig. 3 Print screen of Matlab software.
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Table (1) Different neural network configurations by different training functions.

Function Network type
performance
ANN1 CREGHEE 20 Pure line Feed-forward backprop
ANN2 GDA-MSE 20 Pure line Feed-forward backprop
ANN3 SRR 20 Pure line Feed-forward backprop
ANN4 LM-MSE 20 Pure line Feed-forward backprop
ANN5 OSS-MSE 20 Pure line Feed-forward backprop
ANNG6 R-MSE 20 Pure line Feed-forward backprop
ANN7 RP-MSE 20 Pure line Feed-forward backprop
ANNS SCG 20 Pure line Feed-forward backprop
3.3.2 CHOOSING THE BEST 3.3.3 CHOOSING NUMBER OF

TRANSFER FUNCTION
Matlab software suggests many inbuilt
transfer functions such as like logarithmic

sigmoid function (logsig), pure linear
function  (purelin), tangential sigmoid
function  (tansig)(Kohli  and  Dixit,

2005).There are three types of transfer
functions, linear, sigmoid, and hyperbolic
tangent were utilized in this study. The
processes of choosing the best function are
achieved by trying to mix all different
transfer function and then comparing their
performance. In the current research, nine
different combinations have been tried.

66

NEURONS

Selecting the best number of neurons is
necessary to reduce the error in both training
and testing drops to an acceptable value
(Dixit and Chandra, 2003).In order to
increase the accuracy two hidden layer were
used. Number of hidden layer neurons is
increased from three to forty in the first
layer. For the selected eight networks
configuration, at the end of their individual
runs with the same training datasets and
Mean square error are compared. The best
fitted network is achieved by obtaining the
less percentage of rms error.
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3.34 TRAINING THE
NETWORK

The neural network has used the best

configuration model to be ready to start

training the network. Figure (4) shows the

OPTIMAL

Matlab screen during the training process
and indicates that at the end of the training
process, it can get performance, training
state and regression plots. In this stage,
calculation and statistical results will be
plotted to assess the training quality.
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Fig. 4 Neural network apps monitor training progress.

3.3.5 TRAINING THE SELECTED
MODEL

Firstly, training the optimum ANN model
has been carried. Then, testing the model for
importing new input data. ANN developed
model, can effectively make predictions and
new targets are obtained through this model.
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The experimental results of these testing
data are already defined in Microsoft Excel
table. Later, making a comparison between
experimental and ANN model will be
carried.
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3.3.6 SIMULATION AND REDICTION
Neural Network Toolbox offers a set of
bottom for building neural networks
simulation. At this point the developed
ANN ready in use to predict a new data. The
selected ANN model is trained with Train
GDM function up to 1000 epochs.

4. RESULTS AND DISCUSSION

The data have been collected from previous
experimental  work. Big volume of
experimental data that presented in three
input parameters which are applied force,
sliding duration and rotation speed in
relation with one output which is the friction
coefficient. During this investigation ANN
developed model has been used to predict
the friction coefficient of the CGRP
composite in different selection conditions.
The neural network method is a powerful
approach to make predictions.

For fig (5) the 30N applied load, there is a
bit fluctuating in the experimental data that
could be occurred from orientation fibre
which may has some influence. All figures

showing that there is a linear relation of
ANN results compared with experimental
data and that it could make other problems.
Figures are developed the result to gives a
comparisons between the values of friction
confection the abstained from the
experimental work and the friction
coefficient value that obtained from ANN
prediction. The following figures are for
different seed (1.1, 2.8, 3.1 and 3.5) m/s and
different apply load (30, 50, 70, 100) N.
From these figures we can find a very good
clarification between the experimental and
ANN data. However, there are a bit
separation differences between them.

4.1 AT 2.8 M/S

For figure (5) the 30N applied load, there is
a bit fluctuating in the experimental data
that could be resulted from orientation fibre
which may has some influence. All figures
showing that there is a linear relation of
ANN results compared with experimental
data and that it could make other problems.

Friction Coefficent

Distance

Fig.5 Compassion between experimental data and ANN data at(2.8M/S, 30N).
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Fig. 6 Compassion between experimental data
and ANN data at (2.8M/S 50N).
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Fig. 7 Compassion between experimental data
and ANN data at (2.8M/S 70N).
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4.2 AT 1.1 M/S and ANN result especially with the sliding
It can see that figure (9) present a good distance above 0.5km both results are very
coloration between the experimental data close to each other.
1.2
. =C=100 N
0 (M E
0.6 “é‘a
0.4 S
0.2 £
0 . .
0 2 4 6

Distance

Fig. 8 Compassion between experimental data and ANN data
at (2.8M/S 100N).

Friction Coefficient

O T T T T
0 0.5 1 1.5 2 2.5
Distance

Fig. 9 Compassion between experimental data and ANN data at
(1.1M/S,50N).
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4.3 AT 3.1 M/S3

Figures (10) present the experimental and
ANN data at 3.1 m/s sliding speed and 50N
applied force. Figure (11) present the
experimental and ANN data the different

velocity sliding speed while the applied
force is the samewhich is (50N). Both
figures actually, do not present a good
coloration between the compared results

0.9

e=C==50 N EXP.

LLLY

={}=50 N ANN

Tt uuoITC

0.3
0.2
0.1
0 T T T T T
0 1 2 3 4 5 6
Distance

Fig. 10 Compassion between experimental data and ANN data at (3.1M/S, 50N).
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Fig. 11 Compassion between experimental data and ANN data at (3.5M/S, 50N).

5. CONCLUSION

1) ANN technique can be considered as a
good technique for predicting friction
factor.

2) Applied load, speed and the sliding
distance have a considerable effect on the
friction coefficient.

3) The developed model showed
encouraging result in the prediction of
friction coefficient.

4) Good improvement in results was
achieved when using Multi-layer ANN
models with large number of neurons.

5) The training function showed a
significant  impact on the ANN
performance.

6) Training function of GDM achieved the
best performance for the current work.

In general good agreement between ANN
results and experimental results.
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Abstract

The aim of this project is to study the influence of adding wastes of tires and polystyrene to
concrete mixture to obtain ecological lightweight thermal insulating one. Polystyrene and tire
elements were added both with 2cm size with different percentages (0.25% , 0.5% , and 1% )
of coarse aggregate weight. Different tests were applied to the specimens which are
compression test, tensile test, determination of density and absorption and ultrasonic pulse
velocity.
Results show a loss in compression and tension force, and density too. But have got a concrete
with high ductility which can be used in pavement, sidewalk and roads because of tires
properties which have good impact absorption. With this practice we participate in saving
nature by using these wastes instead of letting them making pollution.
Keywords: concrete, compressive strength, tires wastes, polystyrene wastes, environment.
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