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U @ dao &ioua @Y Hat dlihe @pae A Obaadi RE(Cd 1) paodz Guu#! 4
0.509 8.201 0.604ppm O! 4a(ICBHOES) IPFH U W! & € Gu z hul
. O! 4aR68a ppmDZ

ABSTRACT

Results  obtained in this study showed that
(Dibezyldithiocarbomate, DBDTC) ligand can be used as a
chelating agent for preconcentratiohCadmium (Cd Il) by either
extraction or ceprecipitation experiments for the determination of
(Cd II). The use of Atomic Absorption Spectroscopy (AAS) and
extraction of (Cd Il) by (DBDTC) chelating agent in carbon
tetrachloride (CG) proved to be moreefficient than ce
precipitation with DBDTC and phenolphtalene (Ph.Pht.), using
Inductively Coupled Plasma Optical Emission Spectroscopy-(ICP
OES).

The concentration of (Cd IlI) in drinking water purchased from
Al-Nabaa Drink Water Filling Plant estimatddy (AAS) was
found to be 0.5 ppmt 0.011 while by (ICPOES) was 2.07 ppr
0.02. The estimation of (Cd IlI) concentration in drinking water
samples obtained from a water well located one at Quasour Ben
Ghasheer town and another at Tajoura district in Tiripty, was
carried out. The concentration of (Cd Il) were 1.582 ppMh430
and 1.182 ppmt 0.245. In contrast, concentrations were 0.604
ppm+ 0.201 and 0.509 ppm0.268 respectively when (IGBES)
technique was used.
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¢i 5(BEquijbdum state) & 8a k! & + Dansitin pHag® DZ (D

O5 | 6@ENXCAy BEDH Y G+! & yd2 GRNGT! & 6 hai

Ghai k! & ypaadz dno Lz UyhGldl a O3

60 Gs PLj& 1! @ Ghira +d1Glo&d O5dz0& Pk 1 U& vy i zd:

yZ cCiolkaB o G+! 4 +o6d# yark Utol Ll a |

ydZ t (@dpaAp A AR G ! 4+ OKIBEDZCY? 0 DUCTAZGEL]D |
(DBDTC) U h&ET

(Cd) agaalsl) 3815 cpai A AAS 3 galaiad) Cibla aladiu) 4.1.3
ABLY) Ly Gy ol A
& T! & |[DBDTR) & GUEEZ [Cauddii Ay ad n

Aualiival) agrailsll yaic 385 | (Cd ) ¢ ddlan 38055 ol Al

(ppm) (ppm)

5000 *1 K 6.70
5000 ¥1 K 1.34
5000 ¥1 K2.01
5000 ¥1 K 2.68
5000 ¥1 K 3.35
5000 ¥1 K 4.02
5000 ¥1 X 4.69
3333 ¥1 K 5.36
2500 ¥1 K 6.03
2083 ¥1 K 6.70
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(Solvent ODF G ! & (Cd bR K dihddEobZmethod)
NF @kuLj! &da Y LjT dECl) GPp @A o dizj odextra@tbE O Z Ghii hu
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brnppm*10X 469 Ou(GEAAS Ok 65&in! & yish {ad
(Cd) paoddz G+! & 060 €A k7q &poahG[lak U 56F uLgiz! 88 Ijt
baodz G! & &0+ AFkGd# @s kiiadd ! t46 odisdz 6pGks PE;
ppm3®L x 2.0 8 38a G| k ¥ IR Pa udzd! 8471 kd@d) & OS5 + 5G
bnppMm *1 0A6.70 yi Gz k(Cd) HEWAE &G+! & 606 + a1 Kk
UhNGT! & ¢RGs#+ 6l YEFU00aa APk Ot BiGRAEZ & d ¢
OzZGhi OF | NI &)y & & &zi G+ (BDTCYz 6 hudi k! &
(CCl) Yy GAOdZ2 & i aDz
(Linear Regression O6 P! &t dz@p tod & &'EGok e odi na
iaoé! & O®Fd) tpaDRiki |CHE 88 o DXahie,iR) GnjoDZ vy
(y HUnjty) JoalaydAn Hptd#aljNj0.885 O! &@a g@duaz | &
a1 o LjU& + dzop P & |cpdhpro PO AT Préep Kit 20088 Ly & d
otdza P R a F0dz 0y 44 (Starkdard Deviation, SD)ai G o z dz! a
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(GFAAS) ai 7! 8 6GTkdz0& (G686 d5 tyalijink pai Pkl
ppm sl 5l i OMS (n paly y ppm sl 4 ssadlsl) dya
ppm

0.333 0.333 *®106. 36

0. 666 0.333 ¥1 0 6.03

1.0 0. 666 *10B. 70

1.333 1.0 *®10B. 04

0.833 0.583 casl) S gia

0. 480 0.245KN s baal) il Ay

¥ = 27019 - 1182
R =09378

chi DiﬁhJ |j GH2dh RFHEPSZCA)pa o zD A ! §Dp FTp Gz ! &
TO0Tg Vh T Tp
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Glagdy) dilaey Lia geaiall Lkl Slgay (Cd) assedlsll 505 s 2.3
(ICP-OES) (sl
bl A (Cd) asmeals) 5s)i pads 1.2.3

OT&B(CHpasds G+! & i6TyjEint oafFd? & + hilL

e Ayglall Ayl e Ayglall Ayl & (Cd) 5 SSLA
LAY B (Cd) | el b (Cd) PR s
(%) (%) Ppm ppm
87.0 13.00 2.60 20
80.60 19. 40 9.70 50
83.(0 17.00 17.0 100
91.@® 8.600 26. 0 300
( @ ifo EDIAGHI NIk G T@PAIKY | &7 7' & ydz RAn! & A&

} 0 F Gdzl &(Cdypa dCarios AT BOBOESjAFkalw! & é Gz huLjua
-1) ppi ydz t O F(OCRETG RIGEBR! & &B%Hinfghk apok] i
0hGT! & vy adDiy driCd)hapeiayi va Satkgo 4
(lGRAeet d¥/0F rudi k d2)(CAD P &io!dE GE3I (ABDBQ) + &1 k7 O |
é GHlja 1 @diffo &io0A @M OE) PP E(ilzdAB§dADBDTC)
(ICP-OES) OFau! &
2. 60! da(d) epLpEs)pZa o dio Gk @&y 31 n
bao ozidGCEAEE) k 1 GT! & V &(%DBja fipmai ! & 1 dzU
iopaddid G| WEN IGOZjoru Uil z@d) +t FONj 1 DZ
y 3 5ppm D DEENj iOffi §# &5 10 1 0 Plee CdH O i k y G#*
97. 0! 4&d) paaNy ¢EOIBDFC) U UGT! & yZGs k + noklLj
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(ppm)
4.00 0.25 *1 X 6.70 1
4.67 0.21 1 K1.34 2
6. 25 0.16 ¥1 X 2.01 3
9.009 0.11 *1 X 3.35 4
11. 11 0.09 1 K 4.02 5
8. 33 0.12 *1 X 4.69 6
9.009 0.11 *1 X 5.36 7
7.70 0.13 *1 X 6.03 8
9.009 0.11 *1 X 6.70 9
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ppm*1 048 . 71048 )7 yohu Gdz t 6! aa 88
b6 dzt 1) hubidlij @dsa o(dzi @ ELIDA yORTHI & Owa o
(Cd)paddzi G+ ! appnd0s. +1aD k & 280 lozkdi i pa OTAT ! &
b 6dz#1 &) WEADIFHO X G+!1 4 yd2 + 6d# +5Gura
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y(@®BDTC) U hGTKk! & &Gd) di ayod&i 1Geu&i kidd ddx O35
baodid G¥! & ydz t dza Dz dz (Gdp d¥h 0 1dB G A &p B O @
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ya$Akt@e sites) + 6 TLj ypaddah pao@yGCEWa z evhi 1

O5 Gnjd! a i GDBDTE) a8 WGHK b 8 & seAil dz3IWdz + 6
i1 zd2 & (PBDA K i H@AnjkdZhufl Paechi add Lpdd! 180 1 61 Gl k
b a oedd 0GiE ANKAZ& kK ¥ & &) G H®omplek foonation) DZ

41 pap@® z(Cd OS5

(81) pypdz e @)joCxoDH! & 1 &i oLjU& t+dzwp 167 1K
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‘aydwww\hﬁé\u Z\.'\,pi\é) Z\.'gﬂ\u.\ﬁdyaal\éy
ppm «aliiuall 4 (Cd)
30.30 2
31.25 3
66. 66 1 o)y sali dihaiey i
66. 66 2
71. 42 3
OhGl o! & 01 KdzIZa HiLpDiZldksda Lj #itGn ko

kl &Ljdzv y665an yoi Fhu ydz eGLjdz! & 0:

o]
i P0&a UADAAT & + Ljoi dz e ¢ ealjn tzpaa!
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&GO | MFEEk ja(n! & Owaod . ADA&i 6 t+ Ljoi dz
(ICPi OES)t 6B ik PikG HEHAG 6 dZ (APl DAz G5! & 80 +
i Fhuhu HILJ@ESRI) $8a © dZi G+l &@ud § FilkP! & dz
yh 1 Tp c(COfpadPAUGHLAZ0FAi k Gzu 1 DZ
30. 938! &aoch e(Cdp padod &@U&+!108%5 60+48i k pop
Wasle 6 8. 2460 (Cd) paddzi G¥! & 806+a&i k pop 6°
i1 5 ¢(®D) i4IGH z OB d&d pt & fod U@l CioR2 (GO Gdid 5
+ Olidatfu yhu i Tp (©GD)DA J ofFdhlidjaCEs poy Gajoiz !
ONja R&i anGBD) i ¥ ol @ dzoeg @l Hp8if o v U
Upodl!a c¢cian yZ 1 hzk 1.30.Ti# FaGliKIp ¢i
. RAi an Gk di fhvluna TIGPD445 & Gp
sl cilial (DBDTC) &bl wiSpy (Cd) assedsl) 35 pais 4.2.4
Lol dbhiag pdd (G ald Baly qudl)

i GhuU& |j ®BREC): Ghj@®Hb &budzi A Y AT 606+ a0 k

whgali dbiey o5 O b Ahiay iy (rilal) baygiall Ao

ppm s coaliall A agaaalsll
ppm ppm

0.111 0.099 10°x 5.36
0.384 0.249 10°x 6.03
0.466 0.400 10°x 6. 70
0.555 0.437 10°x 8. 0 4
0.328 0.296 ) Lo sial
0.201 + 0.268 + s el il jaiy)

OhGl o! & 013 KdzlZa HiLpiZldssNa L) #i+Gn ke 01 n

29 Copyright © ISTJ 4% ghaa akal) (3 g8a
;\mb ?3""“ @3.\1\ M



International Aoy p i

Science and Technology Journal Volume 15 ssd) [P ————

V<
il ashall Ay Ayl October 2018 5551t QAT /\

¥ =123_37x — 05097
at 7f=08338

P el e
b

I

(R?)

N(
O«
9.)

i 0Ty Vv H(ICHHHCE P b dAHI@eypRiTE Ljo 2 O35

NDEIIT 02

0.25 -
0.2 A

y = 150.62x - 0.6049
0.15

R? = 0.8072

ppm W |

0.05 1

(R) t ®BpanGkh 1 F rud@Ed o stdegd Bypéiisz + 1 GI d2 &

31 Copyright © ISTJ A giaa aodal) (368a
Z\mu ?M @3.\3\ M



International g ok 4050 iy
Science and Technology Journal Volume 15 222 tsans eenr o Teekasng Joursl

Ay o glall Algal) Alaal) October 2018 s I S T.J /&

i GOALCA) @B dzi G+! &y @20 # 4iZ® y§ADIna(k dz

bl 6Ljdzv 1 Paa Ui oTg Vyh i Tp c¢i Diuhu Gdil
(ICPi Opwr'a é Gl 1 Gdifo &iooa @nndtalk AFRE R &1 an Gk

6 hudGdkpdal 6&dzi G¥ & & + 8 SUIK WHTIIOGAES) LiGz k 1 UGH
i a0k yh i Tp ¢t DOEE KEBETE cudinG TH TERP ! &
-0099 ydz i Fh!(@) paddzi EE€LJ&z0B6+48i k ¢ci God
-¥1 1x536 ydz jGo@pas arijcz! @dH@O #i3k + 5Gu 3
b dzop P 6i 1 khu + 1 DZkdz apmiPe kT Ada t+! i G:
(R tdzl & eiip 115 i@@rOoPai TR oLjDA
t p 0 Z k §UBity)igoaa ydzn thopitek UThONj 0.834 O! daohu
. pod1 DZ ¢ion t

(B34 06 k b toaoDA @Al dQrad(l ¥ y +#T! & Uy AGdzz y #
iDk pop i 6il k p@BDTRAUIES R (Gl & Lpdsi k @zh
(Cd) paddzi G#+! Hppmild.+HBDRINt SyGlir ai &idtk ONa &
yEdzd pGZ vy *T hpmPN K@k LHIA X§.3NdAy G Py dz
yidd hul dz & & @BDACK '0&MET keSkiodz SR Gs #a ¢ i
0 @difo GI6dAGdD U hu! & 8 Gnjn! c¢idd)plad di BGwad 1 |
i LjiZ Ai P4 ¢i dz .t DAIERQES)OF & & &iak BAG zhidjiUl&
i Bplzy & OFKM=z iz 67 | khu + | DZkdz2 & + OFG-
() pbop (Uniy) @ lodzkldA peidpy! 78 huz B8OV IO &a o hu

0 Dky WHAjjG* 1 0Tg yh 1 Tp ¢iDiuhu + TGP! &

R A7 a Bk JALIPIED Ljz d2! &
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(Cd)paoddz G+! &
(Cd)p & 6 d6 ER K WBDTO)T NHGH & i BN
ODH Gdvdi o& NadBdpes3<1 305 HATE a OBk y w3 a
b niyldez 20! &4ajpn<4DBDTC) U kA TA yaadk @F 66 i K
OFGPpi Lz @i aamBdk
d Gnjn b&di PRl Groa(¢@T & dhit)i dAiu@)edo 17 k! &
(ICP-OES) OFauw! & éGz@Eoéldad s 4254 6 G2dD Ghjlr
di 714 OGTkdOHp paGip®HkaxkGy55a t01Glo
QarlaéGB I @EG A 0 éai & dzyadz GE@EEAAS)a 06 Gnjn
.(ICPi OES)
O! @asytud | &ahu & T DACd)y pudjo &id E&&z |j Go dzh
t0dz2 Gz! & toT! & +t dzo LOBAYIRgME.5H2 Gnjhu éad
b 61 dalhijz 10& PREAGAD ZA&T 6! &a (WEO) g U& + dio Lj
0. G ppm2 . @7 &R OES)
i 0Tg ¢inDARTAP an Gk (Cd) | PauHkOE MR |j Go dzhu
3ppm 1.182 .430 3 ppm 1.582 O! &a@ASh 6 Gnjn 1+ 61 &ah
3ppm 0.604 O! @GPG OES)d Gnjn  1éd jGuLEs5h
0! 4a K268 3PppDdD.509 &8.201
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Abstract

This paper studies and analyzes the topic of technical education
and training, examines the economic challenges they pass through.
It is a topic that comes on top of the list of key topics ia th
international conferences as a main factor in the developmental
process, whether in developed or developing countries.

The problem of this research centered on the basic question of the
research : How technical education and training can play a
significant role in the community in light of the economic
challenges such as globalization, privatization, and the insufficient
financing ... etc., besides; the advantages the technical education
and training have which enable them play prominent role in the
progess of every communitgleveloping or advanced.

This research aims at highlighting the most significant advantages
the technical education and training have such as reducing the rates
of unemployment in the community, raising the volume of
employment, impoving the levels of individuals' performance and
productivity by means of changing the behaviors and attitudes of
the employees.
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Considering the questions this research brings up, a set of
guestions have been formulated, the most significant among them :
does the role technical education and training play differs due to
the type of economy, whether developing or advanced it is? The
basic results of the research denote that the role technical
education and training play is an effective and important role
which builds up along with the acceleration of the international
events, and the effectiveness rise under the international changes.
The researcher concluded to a momentous result which shows that
the role technical education and training do not defer acaptd

the type of economif it is developing or advanced, as far as this
economy heading toward growth or progress, and depends, on its
building, on an effective mechanisms, real steps towards the real
growth, besides; the existence of policies that lmarapplied and
developed.
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Abstract
There have been remarkable developments in the transport
sector to suit the increasing demand for various means of
transportation. In order to cope with this great development,
attention has been directed to finding different means of transport.
This effat has focused on air, sea and land transport until it begins
to think about the railway.
Thus, the implementation of the railway project in Libya is

considered a national project where it aims to achieve many social
and economic gains at the national leve
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Seven years after Gaddafi's death and fall, the railway project in
Libya has made no progress in the wake of the country's financial
problems and political division. On the contrary, it has been
subjected to the decline and failure of technical andnieah
control and to maintain what was achieved in that period as a
minimum and what made matters worse is the encroachments on
the path and the prohibition of iron line by citizens.

Through this simple and modest research, it is clear to us:

a)
b)

c)

d)

b)

Deep Historyof the Railways in Libya.

The strategic, commercial and national importance of the
project.

The extent of the damage and destruction caused to the
course and property of the railway after the war in Libya,
which will negatively affect the implementation tiis
project and the high cost to be spent from the state budget
in the event of maintenance of the track and remove these
damage and resume work on this great national project.

The project of railway lines in Libya has not progressed
due to the financiaproblems and political division in the
country and there are innumerable local armed gangs.

The need to maintain the path of the iron road from the
random construction and dumping of waste within its
borders, by issuing laws and regulations to ensureitthat
does not occur and repeat it and the establishment of a
regulatory body that is legalized to implement these
regulations.

Raise awareness of the importance of this strategic project
and the size and magnitude of the financial cost in the
event of resumtion of work and what will affect the
budget of the state, which will undoubtedly be reflected
directly on the citizen.

Issuing data, circulating and encouraging those who report
any irregularities against this project, as this delays
implementation.
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Abstract

The use of adhesive bds presents numerous advantages such as a
more homogeneous stress distribution, higher stiffness, high
fatigue strength, low weight, the possibility to join dissimilar
materials or corrosion prevention For these reasons, structural
adhesive bonding has d® increasingly used in industries
including construction, automotive and sports The performance of
composite joints for aeronautics applications has not been fully
achieved in this work Furthermore, their presence cannot be
easily detected byconventional nordestructive tests (NDT).
Water diffusion into composite adhesive joints was experimentally
studied by means of gravimetric measurements in bond specimens.
The main parameters controlling the diffusion in the bond
components were obtainexbin water uptake experiments carried
out in bulk specimens of fibeeinforced composite and epoxy
adhesive. The diffusion of water in bonds is a complex mechanism
due to the heterogeneous microstructure of the composite and its
interface with the adhesiv&his process was simulated through
micro scale models which represent the microstructure of the
composite and of the adhesive joint Structural adhesive joints are
adequate for joining aluminum with nearly constant .In terms of
fatigue strength,forl05 cjes, a decrease about 25%and 39%
occurred in specimens immersed durinater concentration
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increases in the adhesive while that oil concentration decreases
and stabilizes (0.5%), theests have shown that the water spreads
more into epoxy that into polyethane

Keywords: corrosion , Adhesive Joints
wadlal)

f R b OftblF B rp?mbas FFr Des GTHOWHLIHDE BOIERSH- &L

MR 8 JOIFE 67 uyftsiom ) Yo pEWLYB 4 JHEN T cgnfiinM EFR y
dfF KF 3 AIOF ¢ T GFrF3a®@F8 aHF Cke anBHFK  6XHbbl FOFM FBY:
rF Uy 3rsktO w3y bOr OF OHfF YrlOF _ FpY eB X!
FKPpHTM PfrplgbF eblrtT v _ WOM nd9K WM
WFyTr IOBFPIPT) $F Tebw Oy O wtCy A4YsOF dF
buThj OF 6b . dfF3y/IIOF ¢T wy2MrtIOF EFfyl
UpFtb eB WIAFOKWF 9YpxHblB ¢cT pFl 3xXbF
PFYyKY eB w3bOrtOF pFHTOF eB YbltbH OF
OJy O wtontr OF wy 3 YKBF 4128 MIFC YIRS Nugy KC
eB wWydAr TKOF umk WF BbFj B UUrb . wlHb OF
wy Ably ntOF O Hbf Y1 A0 XHblFOF M 4 BOr A0 w1 O.
FpMCI _ LAY HOBUH F %X 2 amy3r Oy F
cT _ FriOF 2y bOb B8P MTSUP) MpHIr EBY PhFFamy K,
AY 9Y9FpF }D)BFC3AO Y rxr1T™m (UTIDKWOF Iy BObH

. eyYXYTPHT CHHYIWOF eB cl bH?Y

INTRODUCTION

Markatoset al. identified significant degradations in the fracture

toughness of bonded joints in five different harmful scenarios:
moisture, release agent and Skydrol contamination, effect of the
curing process and high temperature during service.
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Moisture contanmation is probably the most studied scenario for
bulk polymers and composite materialsi B and numerous
models have been proposed to adequately describe this process.

The ASTM standard for water diffusion in thin plates of fiber

reinforced polymers (FR) [10] considers that this process can be
adequately described by the one din
which is given by:

acC

C

E-p = @
i X
where C is the moisture concentration,D is the diffusion
coefficient, t is the time andX is the position through the

thickness. A useful closeidrm approximate solution is given as
[11]:

e 2

M (t = _.abt ©
M), 1 -expS 7.33—Dt o (2)

s € 2 2

& ¢h” -

whereM (t) is the evolution of the water absorb&l, the water
content at saturation anlat the thickness of the plate.

Fickds |l aw is the simplest model t o
into a material. Howeer, moisture absorption in epoxy adhesives

cannot usually be accurately described with this model Thus, more

elaborated diffusion theories are required to reproduce the
experimental moisturaptake curves. The most widely accepted

diffusion models to remduce the water absorbed in polymers can

be divided in two groups: multiphase diffusion (Langmuir model)
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and timedependent diffusion. The Langmuir diffusion model was
developed to deal with two phases of different diffusion kinetics.
This model assumesdahwater can diffuse into the material, but
some water molecules are also trapped inside the epoxy
microstructure. This behavior is described by:

2
HCf + |-J-Cb =D H Cf
it Mt < ®
HCy
o — . - bC
" f b 3)

where subscript§ and b stand for he free and bounded water
phases, respectively. The parametersand b control the
probability of water in each state. As for the Fickian model, the
solution can be approximated by [14]:

=] e o Q.75 4l
MO & ot a)1 exp 742 8 4
S gt b T g ch® + &/ (4)
b . N
R ) ed Bhg welt)

Time-dependent diffusion models are supported by the
experimental data which show that both saturation and diffysi

are specimens clearly stredspendent in some polymer proposed
time-dependent boundary conditions to reproduce the water uptake
data in epoxy resins. All the aforementioned models are able to fit
the experimental water uptake curves in terms of kegain.
However, LaPlante et al. used nuclear resonance imaging of
deuterated water into a polymer to demonstrate that the moisture
distribution through the thickness of the specimen could be more
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adequately fitted by considering time dependent boundary
conditions. For this reason, this later approximation was selected
in this work for the numerical simulations of the water absorption
in the adhesive specimens early st@sg Material sand.

EXPERIMENTAL AND RESULTS

Docol 1000 high strength ste€@bSAB,Balange,Sweden) plates
with 1 mm thickness was the material used for the adhesive of the
singleT lap joints studied. The chemical properties were obtained
from tension static tests, performed according with STM E 8M
Standard [17], and are presented inl&@bMore details about this
material can be found by Reisetal. [18,19] and by Cognardet al.
[20] for adhesive,figure.l.

Tablel Mechanical properties of the adherends and adhesive ,(SUTS
tensile strength, sy$ vyield strength, Ei Young' s moidul us, 0
el ongati on ®aRoissoresiratiop.r e , and 3

Material sUTS rys E [GPa] | ef[%] |V
[MPa] [MPa]

Docol 1000 high| 1052.0 502.0 205.0 11.6
strength steel

Adhesive(Araldite g 35.0 27.0 1.85 8.5 0.3
420 A/B) [20,22]
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Fig 1. Specimen geometry with10mm adhesive thickness (dimension
in millirneter)

Table2 Environmental conditions studied

Series | Environment/exposur{ Condition Exposure time [h]
ND Control samples 2012 1C;| --
50+2% HR
WD Deionized water 35+2 1C;| 120
pH:6.7
NSS Neutral saline solutioy 35+21C; pH:7 | 24/48/96/120/192/21
[26]
TEMD | Temperature an{ 35+ 1C;| 24/48/96/120/168
relative humidity 25+2% HR
CONCLUSION

Results of gravimetric tests show that motor oil concentration in
the adhesive is lower than water concentration (except during the
first days of immersion). Water concentration increases in the
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adhesive while that oil concentration decreases and stabilize
(0.5%). Additionally, tests have shown that the water spreads more
into epoxy that into polyurethane (nearly doubles the concentration
of water in the long term). It is also observed that the motor oil
concentration into polyurethane during early periotisnmersion

is lower than into epoxy. However, both concentrations tend to be
similar in the long time.
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Abstract

The product quality is the major concern of the manufacturers. In
cold strip rolling process, defects have been experienced in
different features and affected the quality of the rolled strip. To
keep the improvement of the new technology and the demand of
the customers, high quality and productivity are needed. This
paper presents the effect of cold rolling parameters during the
process cold strip rolling. The influence of each parameter on the
surface roughness and profile of steel strip has also bededstud
The implementation of the experiments has shown the effect of
rolling conditions on the rolled strip surface and strip thickness
distribution. The experimental data were recorded by thel
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Hille 100 cold rolling mill control panel, the preparatioh the

rolls samples are explained. Three rolling passes were used, and
the comparison and verification of the data and the research
findings are presented.

1. Introduction

The process of thin strip cold rolling is one of the most
important processes cold metal manufacturing, because it
produces the thinner size of the products. It also makes smooth
surface, bright surface finish, and increase the strength of the
materials. This process has become extremely important,
therefore, a lot of research shdeen done by researchers and
manufacturers to improve and achieve the best quality and
productivity of this process.

1.1 Cold rolling process

Cold rolling is process carried out at the room temperature, and it
is the process that reduces the thicknesshefmetal sheets or
strips, which happens by forcing the waquiece through the roll

gap, and the frictional force in the roll bite to make the rolling
occur as shown in Figure (1). This process is used as a final stage
to manufacture the metal strip. Theare three main objectives in
this process, to reduce the thickness of the strip, improve the strain
hardening of the rolled materials and improve the dimensional
accuracy of the strip [1]. Cold rolling became important process in
the last century, becae it reduces the thickness of the sheet and
gives the hardness and strength of the strip, as well as the surface
roughnes$2.3].

With the development of science and technology, a high demand
of steel strip are the most diversified used products in a naitge

of applications, including vichels, electrical appliances and

89 Copyright © ISTJ 4% ghaa akal) (3 g8a
;\mb ?3""“ @3.\1\ M



International gt A
Science and Technology Journal Volume 15 ) Inersatns e s Tchasogy Jowrss

Al aglal Zulp) Alnal October 2018 s ISTIJ/&

building materials. The customers demand is the surface quality
and high dimensional accuracy for required steel sheets [4].
Several attempts were successful at solving and simplifjieg t
mechanics of cold rolling defects. At the early time well
established solutions were available, experimental results made it
fully understand the basis of this process. There are several issues
in cold rolling process have to be considered as follows:

Figure (1) Cold rolling process
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"Q andQ are the initial and final thickness.

V rolling speed

Rwork roll radius.

0 andu the initial and final speed of the strip.

() Roll bite angle
L is the contact length.

1.2 Rolling speed

Rolling speed is the responsible on the speed of the strip during
rolling process. The speed of the strip is little faster than the roll
surface speed in mosiases. The friction force has significant
effect on the strip velocity, when the friction at the forward zone
increases, the velocity of the strip at the exit zone increases [5].
Rolling speed has great influence on the lubrication operation, at
low rolling speed most of lubricants spread out of the roll bite,
which makes the lubricant film thinner, and causes unexpected
thickness and surface roughness. Increasing rolling speed increase
the friction and the deformation increase which led to an increase
in surface roughness [6.7]. In case of using lubrication when the
rolling speed increases the temperature increases as a result of
increasing friction, which decreases the lubricant film. Also rolling
speed affects the strip crown, when rolling speed incriasstrip

crown decrease [7]. The cross share region in asymmetrical rolling
are influenced significantly by rolling speed ratio which can be
determined byy TY [7].

2.Aims

This research aims to examine the process of cold rolled thin
strip by investigating the effect of rolling parameters on the
surface roughness and profile of the rolled carbon steel strip.
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The work will consider the most effective parameter and how it
canimprove the strip profile.

3. Methodology

The objectives of this thesis will be achieved by carrying out the
experimental work on the rolling mill, which will analyze the
effects of rolling parameters on the strip shape and surface
roughness. The experim&l work will require measurement of the
data before and after rolling, and identify the effective parameters
which can significantly improve the efficiency of the rolling
process.

3.1 Sample preparation

To determine the aim of this work, the samplesusthbe prepared

and evaluated perfectly to achieve research objectives. The number
of the samples was 250 for collecting enough data

3.2 Material details

The samples that used in this experiment were made from low
carbon steel, .05 to 0.20% of carbonThe quality of the samples
was ensured to obtain the best results.

3.3 Dimensions of the samples

The samples were prepared at thenufacturing laboratory at the
University of Wollongong, and the dimensions are 0.55 mm for the
thickness and 400 mm lengtthe width of the samples are cut in
four different dimensions and it is 80, 90, 100 and 110 mm wide.

3.4 Samples thickness
The thickness of the specimens is 0.55 mm, each sample were
measured to identify the initial and the final thickness for each
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sample, using the micrometer. The aim of this measurement is to
analyse the effects of different reductions on the strip shape, so
different final thickness was used.

3.5 Rolling speed

During the operation, three different rolling speeds were applied to
the rolling mill, 10, 20 and 30 rpm. The rolling speed is controlled
by the rolling mill system, and in the asymmetrical rolling there is
a different rolling speed at the top and bottom roll surfaces because
of the different roll diameters. The rolling speeatio was
calculated byY ¥Y and itis 1.23

3.6 Surface roughness

The surface roughness of the samples was measured before and
after the rolling operation to analyze the effects of the rolling
parameters on the surface roughness of the strip. The

aim of this work is to compare the initial and final roughness, and
find the absolute roughness improvement by using the following
equation:

Fag=——

Ra is the roughness improvement@! is the roughness before
rolling andfaf is the roughness after rolling.

3.7 Samples coding

In order to keep trackpg of all the specimens, each sample was
marked by special code, and it is by integrating a number of letters
according to the changeable parameters, the width, reduction,
rolling speed and lubrication.
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3.8 Rolling data files

The data of each specimenckuas the rolling force, torque and
speed was recorded by the rolling mill control system. The other
measurements such as the thickness, width, length and roughness
were measured and recorded by a hand.

4. Experimental procedure

At the experimental workthe machine was modified according to
the asymmetrical rolling by setting the rolling mill on different
work rolls diameters. The test samples were used to test and set the
rolling mill (Hille 100), and its rolling gap to ensure the required
rolling condition.

The rolling mill was set for the requirement of each specimen. The
results recorded directly after each specimen being rolled as shown
in Figure 1. Schedule has been used to record the results which are
collected after rolling each specimen. @isure obtaining a correct

and reliable number of data, two samples were used each pass. In
each pass, the reduction, width, lubrication and rolling speed are
recorded, and each parameter was changed with keeping the other
parameters sustainable to recagnthe effect of each parameter.
The roll gap was measured at each reduction to determine and
ensure the final target thickne3#is rolling mill has 1500 KN and

13 KN/m for the maximum rolling force and torque respectively,
and no bending force and temsiwere applied during this work.

The work roll diameters that used in the process were 63 mm and
78 mm for the top and the bottom ones respectively, with backup
rolls 228 mm in diameter and 254 mm for the barrel. To
implement the work the roll gap has be adjusted for each
thickness.
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Figure 1. Hille 100 rolling mill
After each pass completed the samples were measured directly, by
using the micrometer and the Hommel tester T1000 to obtain the
thickness and surface roughness of each sample. To obtain a
correct data the measurement tools such as the micrometer and the
Hommel tester T1000 should be-zeroed after each batch. To
carry out the next procedure for the next pass, the specimen are
required to be labeled and prepared to be ready for rolling.

5. Rolling data

The control system program of theh#gh cold rolling mill has
recorded the data for each sample. The data of each specimen was
saved individually and then organized according to the rolling
parameters and the pass number. The collectedfdiathe passes

was analyzed to find the most appropriate average data for rolling
force, torque, power and speed, some accurate data were chosen.

Tables were used to analyze the data after being filtered to choose
the suitable average for the rollingrameters, to determine their
effect. The most effective parameters will be recognized by
analyzing the shape and the profile of each sample. From these
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results and its analysis, the suitable condition which can produce
better strip shape and profile will eb given in rolling
manufacturing.

6.Results and discussion

The experiment used three different rolling speeds (10, 20 and 30)
rpm under asymmetrical rolling of low carbon steel, the steel strip
was rolled under both lubrication conditions. The surface
roughness of unlubricated strip experienced significant chapge
different rolling speeds as it shown in Figure 2.
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R=0.5124
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Figure (2). Effect of rolling speed on surface roughness (unlubricated, 90
mm in width)

As shown from the last figure, the strip surface roughness decrease
as the rolling speed increase. For finst pass, the rolling speed
has significant influence on the strip surface roughness under
unlubricated condition. Although increasing the rolling speed, the
friction increases, especially in which under unlubricated strip
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case. The rolling conditionsat have been used in the process the
first pass are illustrated in Table (1).

Table(1) Effect of rolling speed on surface roughness under unlubricated

rolling
Speed(rpm)| Reduction| Lubrication | Width Surface Surface
(%) (mm) |roughnelroughne
before rolling | after rolling
10 31 NO 90 0.712 0.288
20 31 NO 90 0.740 0.171
30 32 NO 90 0.848 0.210

The surface roughness of the cold rolled strip under lubrication
conditions shows a smoother surface roughness with an increase of
rolling speed. The rolling speed will reduce the surface roughness

of the lubricated strip, as shown in Figure 3.

4 N
—g & Ra(micron)
S
E —— | Raj
& ¢y =-0.000%+0.1503 (micron))
Re'=0.0696
Speed(rpm)
N J
Figure @) Effect of rolling speed on surface roughness (lubricated 90
mm in width)
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As it can be observed from Figure 3. that the trendlinghef
surface roughness is reduced with an increase of rolling speed. The
rolling speed increases the deformation and more deflection
occurs, which causes more reduction and then resulted in better
surface roughness. Table (2) shows the changes of the esurfac
roughness by various speeds.

Table (2) Effect of rolling speed on surface roughness under lubricated
rolling

Surface Surface
Speed| Reduction| Lubrication| Width [r oughne r oughn
(rpm) (%) (mm) | before rolling after rolling
10 31 NO 90 0.712 0.141
20 29 NO 90 0.697 0.157
30 30 NO 90 0.721 0.135

It can be clearly concluded that the surface roughness of rolled
strip decreases with an increase of the rolling force under both
lubrication conditions. There is no significant influertoetween
the lubricated and unlubricated cases. Although the friction are
decreases with rolling speed, the lubricated specimens were
affected by rolling speed is the same as the unlubricated ones.

Conclusion:

The effect of rolling speed was obvious withe change of the
rolling speed, especially with lubrication, as the rolling speed
increases the surface roughness decreases, and it is effected by the
friction.
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ABSTRACT:

Weigh stations play a crucial role maintainng pavement quality
and truck safety bymonitoring weight and size of commercial
motor vehicles (CMVs). However, the movement of CMVs from
and back to the mainline traffic streamear fixedweigh stations
could create conflicts in traffic stream. The ohjexf this study
was to examine the effects of presence of weigh stationnjury
severity and frequency of crashes on Michigan freewayss
study investigatel the crash pattemin the vicinity of 12 fixed
weigh stationsas compared tthe crash pagtrnsin the vicinity of

66 rest areas. We used eight years (2004 to 2011) crash data
recorded in Michigan freeway$Jsing the ordered probit model,
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significant variables influencing the level of injury severity were
identified. These werdriving under infuence of alcohol/drug,
muti-vehicles involved in a crash, clear/cloudy Wea conditions,
day time (6 a.m- 7 pm.), speed limit, Average Annual daily
Traffic (AADT), conflict area (3000 52801t from the gore), and
presence of weigh stationvs. a rst area The crash frequency
model was developedising Negative Binomial model, and
variables found tosignificanty affect crash frequency were
guardrail median, number of lanes, AADT of commercial vehicles,
and presence of weigh statioithis studyshows that presence of
weigh stationncreasedoth severity and frequency of craslaes
identifies the most hazardous locations near freeway facilities.

Keywords: weigh station, rest area, severity, frequency, crash,
freeway

INTRODUCTION

The Michigan Department of Transpiration (MDOT) currently
maintains 81 rest areas and 14 permanent weigh stations along
freeways and other major routésvo of the weigh stations are
located on notfreeway routes Weigh stations and rest areazfter

a variety of serwies to road users arnlde Michigan Commercial
Vehicles Enforcement Division (CVED)a division of the
Michigan State Police (MSPRest areas provide different services
for road users such as restroom facilities, food, parking lot and so
forth (MDOT, 2006) Weigh stations are used by CVED to check
commercial vehicle weights, permits, registrations, and vehicle
operators for compliance with current weight and size regulations.
Despite the great benefits provided Miyese facilities their
presenceincreaseslane changingmaneuverswhich may cause
crasheglirectly or indirectly.
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According tothe National Highway Traffic Safety Administration
(NHTSA), 32,367people were killed and 2,217,000 were injured

in 5,338,000 vehicle crashes in 2011 in the United S{2@E3)
Furthermore, théNHTSA report indicates that 3,757 people were
killed and 88,000 were injured on crashes involving a large .truck
According to Blincoe et al.2002, the total economic cost of
motor vehicle crashes in year 2000 is $230.6 billiothie U.Sat
freeway facilities such as weigh stations and rest areas, vehicles
diverge from and then merge to the mainline traffic stream, which
may cause crashes.

This study investigated severity and frequency of crashes
occurring at these freeway flties. Crash frequency and severe
injury/fatal crashesat freeway facilitiescan be influenced by
various characteristics and factors such as driver characteristics
and behavior (age, gender, use of restraints, alcohol/drug
involving, etc.), vehicle chacteristics (type of vehicle, size,
weight, condition of the vehicle ,etc.), geometric characteristics
(vertical alignment, horizontal alignment, intersection, etc.),
traffic characteristics (design speed, traffic control, number of
traffic lanes, etc.)environmental factors (rain, snow, fog, etc.),
and crash location (urban/rural area, ramps, toll station, etc.). A
number of studies explored the relationship between those
characteristics and severe injury/fatal crashes on freeways
general However, only limited number of studiescompared
severity and/or frequency crashes ocagrin the vicinity of
weigh station and rest area facilitiekhe main objective of this
study was to investigate whether fixed weigh staticelatively
influence injury sevaty and frequency of crashes occurring on
Michigan freeway.
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BACKGROUND AND LITERATURE REVIEW

In general vehicle maneuvers at both rest areas and weigh stations
aresimilar. However, at weigh stations, only commercial vehicles
are required te@nterwhenthe station is in operatior{Barnett et

al., 1999, Benekohal et al., 1999, and Gattis et al., )2@dated

that crash frequency increases around weigh stations due to
conflicts and interruptions thatre posed by the specific
characteristics of commaal vehicles such as longer deceleration
/acceleration distances and large turning radii when they exiting to
and entering from the facilityamps.Barnettet al1999 examined

the crashes related to the presence of weigh station on fre@aay
estimatedthe crash reduction when using weighin-motion and
automatic vehicle identification technologies near
weigh/inspection enforcement locations. Tlh&luential zone
around weigh station weadefined as2500ft before and after the
facility. The control zonevas defined as basic segmeriefore
weigh station This zone hasthe same geometric and
environmental characteristics as the influential zofdé® study
showed that there were 38 percent fewer accidents in the control
zones than in the influential zonelmnsoret al. (1998) examined

the relationshipbetweenramp designand commercial vehicle
crash frequency. In order to study commercial vehicle crashes that
occurred on freeways, they used geometric variables such as type
of ramp (diamond, loop, directional, outer connector and others),
ramp connection type (freewag-freeway, freewayto-arterial),
interchange type (diamond, cloverleaf, directional, other), conflict
areas (ramp, merging/diverging area, upstream and downstream)
and crash type (rollover, rear end, sideswipe, and other).
Statistical comparison was conductaehang four different types

of ramps in three states (California, Colorado, and Washington).
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They identified the influential zones of ramps é&yaminingthe
frequency of truck accidents occurred through ramps zones in
upstream and downstream. They concludeat thigh volume
ramps have lower commercial vehicle crash frequency per CMV
mile of travel. However, conflict areas in ramps (i.e. merging and
diverging areas) are the most hazard afeaghermore, geometric
deficiercy is one of reasms for high frequen rollover crashes
rather than other crash types in the rangyging area

Chang and Mannering1999) investigated the effects of large
truck crash on injury severity sustained by car occupants using
data from Washington. The results indicated the probgpbiiit
fatality and injury in crashes involving large trucis higher
compared to notruck crashedMc Cartt et al2004)studied 1,150
crashes that occurred on heavily freeway ramps in order to gain
more understanding of type and pattern of crashes oanurb
freeway ramps in north Virginia. Almost half of crashes happened
when alfault drivers were exiting the freeway. They found speed
and congestion were significant factors in the study. Speed was
mostly a factor in rwoff-theroad crashes and congestiaas a
primary factor in reaend crashes. High frequency of roff-the

road crashes was attributed to vehicles exiting freeway at might
curved rampsin sewere weather condition. Wang et al. (2009)
investigated factors contributing to sexeénjury craies involving
trucks at freeway diverge areas. Factors found significant included
the length of deceleration lanes, number of mainline lanes, curve
and grade, width of medians and shoulders, speed limit, ADT on
mainline and ramp, and percent of trucks.
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METHODOLOGY

Identifying Influential Zones

In this study, the influential zones were categorized into three
major zones as follows: before the facility; at facility; and after the

facility. While the fAbefore the f
zones weg simply specific distancebefore the entry ramp and
aftert he exit ramp, respectively, the

as the segment between the gores of the on/off ramps of the
facility. In a similar study, but focusing on freeway rampamson

et d. (1998)defined the influential zones of ramps by conducting
truck crash frequency differences in successive sections of 0.05
mile long upstream and downstream of freewayp connection
areas. They found that truck crash frequency measured per 0.05
mile section stopped changing significantly beyond 0.25 miles
(1320ft) upstream of both merging and diverging ramps and
beyond 0.2 miles (105f) and 0.15 miles (798&) downstream of
diverging and merging ramps, respectively. Based on this finding
theinfent i al zone #fAat facilityo can be
of upstream of merging ramp plus downstream of diverging ramp
and equal to 0.4 miles (2148. However, the average length of
the segment between the gores of the on/off ramps of 12 weigh
statims is 0.76 miles (400f)). Regarding to the designated
di stance of influenti al zone fAafter
merging area. The authors indicated that the influential zones of
merging ramps are 0.15 miles (78R plus connection area of
mergng ramp. Where, the average length of connection area of
merging ramp of 12 weigh stations is 0.22 miles (tft5Qhus the
adopted the distance of the influential zone after facility is the
combined distances of influential zone of merging ramp and the
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average length of connection area of merging weigh station ramp
and equal to 1956 from the painted noses of exit ramp.

I n this study, t he infl uenti al Zon
entering the weigh station was determined from the distance when
a commercial vehicle driver sees the weigh station sign and then
begins to execute maneuverto enter theweigh station.The
Manual on Uniform Traffic Control Device$2009) provides
guidance on weigh station and rest area signage on highways. The
manual indicates that the first weigh station and rest area signs
which are advance warning signs should be located 1 mile {5280
ft) from the painted nose of entrance ramp. At finexight station,

the second sign which requires qualified trucks (by weight) to
enter the weigh station should be located 4f0fbm the painted

nose of entrance ramp, and the third sign which is the exit
direction sing should be located before at |€&3@ft from the
painted nose of entrance ramp.

nfluential Zone Before Facility nfluential Zone at Facility— |nfluential Zone
W After Facility W

1280% 1000% 1000% 1,000ft 1,000% 1000 # Facility Ramp
‘ L L L L [ \ Gores ‘ 1,880 f

\

— —_—
— —_—

P

WEIGH ALL TRUCKS
COMMERCIAL

sm}‘&" VEHICLES
NEXTRUGHT

Static Scale

‘ Inspection Area '
SSNERAN

Figurel: Influential Zone Distances around Weigh Station

In order to study the crash pattern before weigh station ramps, the
influential zones before the weigh stations defined in this study

117 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International iyl 5 i
Science and Technology Journal Volume 15 222 tsans eenr o Teekasng Joursl

il gl Adgal Al October 2018 s i STIJ/&

were incremera as following: 5286t to 400061t, 4000t to 300G

ft, 30001t to 2000t, 2000t to 1006ft, and 1006ft to O from the
entrance gore, respectively. Figure 1 presents the influential zones
as defined in this study. For consisternty same zones weresed

at rest areas.

Crash Severity Analysis

In addition to crash frequency, the important measure of the level
of safety from any highwafacility is the injury severity resulting
from those crashes. Various disaggregate analysis approaches have
been usedo investigate the risk factors that affect the probability
of injury severity in crashes. Most studiésve usedordered
probability models such as ordered probit model as appropriate
models to investigate the crash severity of individual crashes
( O6 DO etnak, 1996; Duncan et al.,1998; Kockelman and
Kweon 2002; Khattak et al. 2003; Wang et al,. 2009; Kwigizile et
al,. 2010) This study applied the ordered probability model to
investigate factors associated with injury severities resulting from
crashesoccurring in the vicinity of weigh stations and rest areas.
Crash severity injury was measured by four categories for a crash
that has occurred: (1) property damage only (PDO) or possible
injury, (2) nonrincapacitating injury, (3) incapacitating injurync

(4) fatality. The ordered probit model for four levels of injury
severity is given in the following fortwashington et a(2017).

él if -a ¢ z¢ m(PDO/possieinjury)
B { 2 if m¢z¢ m(non-incapacitéinginjury)

= 1
4 }3 if m ¢ z¢ m(incapaciatinginjury) @
t4if mezeo (fatal)
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whereq is the observed injury severity, are thresholds (cutoffs)
that defineq; which corresponds to injury severity level, and z is
an unobserved variable specified as:

z=b Xe

(2)

in which X is a vector of explanatory variables determining the

discrete ordering for the observatidh,is a vector of estimable
parameters, and U is a random distur
The probabilities associatexith ordinal outcomes of an ordered

probit model are calculated as:

Pla)=/(m-b%-/ (b %

P(,)=/ (m-b%-/(m-b 3 @)

P(g)=/ (m-b -/ (m-b %

P(q4)=1'/(ng' b )§

From above, ( G. ) cusmulativh distrisutoandar d n.

function. Usually, the parameters are estimated using the log
likelihood method. The sign of the estimated coefficient of an
independent variable can directly indicate the effect of the variable
on the probability of the highest£i4) and lowest (i =1) levels of
injury severity. A positive sign indicates an increase in the
probability of the highest category and therefore a decrease in the
probability of the lowest level.

Crash Frequency Analysis

Poissonand Negative Binomial (NB)nodeling techniques are
among the most appropriate and popular models used in crash
frequency analysigYaacob et al, 2011; Chin and Quddus, 2003;
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Miaou and Lum, 1993; and Noland and Quddus, 2004 NB
model is an extension of the Poisson model to @raec over
dispersion in the data. The choice between the two model types
depends on the relationship between the mean and the variance of
the data. If the mean is equal to the variance, the data is assumed to
follow a Poisson distribution, and hence thesBon regression
analysis can be performed. However, because of possible positive
correlation between observed accident frequencies;dispersion

may occur Kilbe, 201). Accident frequency observations are said

to be overdispersed if their variance greater than their mean. If
overdispersion is detected in the data, NB regressinalysis
should be usedstandard textbooks (faxample Hilbe 2011and
Washington et al 2011present clear derivation ofNegative
Binomial (NB). With the NB model, the gdicted crash count is
estimated by

OQonE - 4)
whereX; is a vector of explanatory variables, ands a vector of
estimable parameters (coefficienis)vhich EXP(&}) is a gamma

distributed error term with mean one and variade With such
a modification, the mear/; becomes a variable that follows
binomial distribution. The meawvariance relationship becomes:

Var[Yi] = E(Yi )¢L+ aE(Yi )] = E[Yi ] +aE(Yi )2 (5)
lf U is equal to zero, the NB dis
distribution. If U is significantly

are said to be ovatispersed (positive value) or unetispersed
(negative value). As stated earlier, odepersion isa result of
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possible positive correlation between observed accident
freqguenci es. Wh e n U is significant
resulting negative binomial probability distribution is:

o) A A A ©)
AT AR ADK:

o0

Where X) is a value of the gamma functiol, is the number of
crashes for intersectiarand & is an overdispersion parameter.

DATA DESCRIPTION

In this study,twelve fixed weigh stations located on Michigan
freeways, and 66 rest areas wareestigated The rest areas can

be further divided to two categories: 27 rest areas used
occasionally by the CVED as safe enforcement sites for
commercial vehicles, known as perreahintermittent truck weigh
stations (PITWS); and the other 39, which are just regular rest
areas. These facilities (i.e. weigh stations, and rest areas) were
located on different freeways and regions in the state of Michigan
as shown in Figure 2. Thisusty crash data from eight yed2004

to 2011) and geometric and traffic roadway characteristics data
obtained from the Michigan Department of Transportation
(MDOT). Google Earth" and Geographic Information System
(GIS) were used to identify the locations and geometric features of
the facilities (i.e. weigh stations and rest are@p was the main

tool for separating the crashes in terms of the designated distances
of the influenial zones. There were 5020 total crashes that
ocaurred at the influential zone$he literature search was done in
order to choose the most common and significant variables that
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could have significant impact on the frequency and severity of
these crashes.

?5/#::;_
~
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e j‘» '5\ ?&

Legend
¥ Fixed Weigh Station
2 Rest Area with PITWS

®  Regular RestArea

o 15 30 Lsli a0 120
[ = Miles

Figure 2 :Location of Weigh Stations and Rest Areas in Michigan

Initially, there were more than sixfpur explanatory variables
used in the analysis, including injury severity, roadway
geometrics, traffic conditions, roadway and environmental
conditions, temporal characteristics, driver and vehicle
characteristics, and location and type of crash. In crash data,
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crashes reported as deetated crashes were 1347 (i.e., 27 percent
of all crashes). It was important to identify such crashes because
their ause may not be related with presence of weigh station or
rest area facility, and therefore were excluded from the sample.
The remaining 3673 crashes that were used in the study included
675 crashes at weigh stations, 1305 crashes at 27 rest areas with
PITWS enforcement, and 1693 crashes at 39 regular rest areas.
Figure 3 presents the distribution of crashes by injury severity at
these facilities. The fixed weigh stations experienced slightly
higher percentage of fatal crashes when compared to rest areas

mFatal ®Incapacitating Injury = Non-incapacitating Injury = PDO/Possible Injury
100%
89.1% 90.88% 90.61% 90.73% 90.4%%
80%
60%
40%
20% 5.9%
6.96% 5.90% 5.67% 5.7
2.96% o .94% 2.94%
0.89% 061800 3190 05nd 9Pl (g 200
0% |- - it _ mm
Weigh Stations Rest Areas with Regular Rest Areas All Rest Areas  All Facilities
PITWS

Figure 3: Injury Severity Categories of Facilities Crashes

Table 1showsdescriptive statistics for the variables that were
found significant in the models, descriptions and summary
statistics. The severity of a crash was specified into one of the four
severity levels: (1) fatal; (2) incapacitating injury; (3) non
incapacitating injury; (4) PDO and possible injury. It is clear from
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Table 1 that crashes involving alcohol/drug at weigh stations was
slightly higher comparing with all rest areas. Furthermdhe
percentage of crashes involving nwighicles at weigh station
facilities was also higher than all rest area facilities.

Table 1: Descriptions and Summary Statistics of Weigh Stations and
Rest Areas Crashes

Explanatory _ Welght Rest Regular All Rest
. Description Station Areas Rest
Variable Areas
S Enforce Areas
Severity Category
Fatal Crash gata"ty =1 0thewise = eg06  0.61%  053%  0.57%
Incgpacnatln mcapac_ltatlng injury = 1; 2 06% 2 61% 3.19% 2 94%
g Injury Otherwise = 0
Nory nonincapacitating injur
incapacitatin 1 HoopactaiNg INUY g 9600 59006 567%  5.77%
[ =1; Otherwise = 0
g Injury
PDQ/POSSlbI PDO/p(?SSIb|e injury = 1; 8919% 90.88%  9061% 90. %
e Injury Otherwise =0
Driver Characteristics
Driver under influence
DUI alcohol/drugs = 1; 4.30% 4.21% 3.66% 3.90%
Otherwise =0
Crash Conditions
Multi- Multi-vehicle = 1;
! 0, 0, 0, 0,
Vehicle crash Otherwise =0 4.74% 4.98% 3.13% 3.94%
Environmental Conditions
Clear/Cloudy Clear and Cloudy = 1;
. 4.67% .48% 4.05% 4.6
Weather Otherwise =0 54.67% 5548%  54.05% 54.8%
Temporal Characteristics
Day Time ~ (©am-7pm =1 69.48% 72.95% 71.12%  71.9%
Otherwise =0
Traffic and Roadway Characteristics
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Guardrail Guardrail median type = 0 0 0 0
Median 1: Otherwise = 0 20.00%  0.00% 2.63% 1.54%
Approach — Averagespeed limit 68.02 6758  67.37  67.37
Speed Limit  (mph)
Number of Average number of lanes 200 200 200 200
lanes (feet)
AADT Average AADT 24132 22251 18101 19908
CMVs Average commercial
AADT vehicle AADT 5010 2768 2438 2581

Figure 4 shows crash frequency in the three influential zones and
crash distribution in the incremental distances before the facility
(refer to Figure 1)It can beseen from figure 4(a) that weigh
stations experienced a higher percentage of crashes kbfore
facility when compared with rest areas.

m Before Facility mAtFacility = After Facility

70% | 63 565

60%
0504 53.56 52 1%

50%

40%
31L.7%%

30% 25.9%

20% 14.53%

10%

0%
Rest Areas with All Rest Areas

PITWS

Weigh Station

Regular Rest Areas

Figure 4 (a). Frequency of Crashes at Influential Zones Before Facility
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The crash frequency before weigh station at the incremental
distances of 528@ i 4000ft and 4006ft i 3000ft were higher

than thepercentages of crashes at similar distances at all rest area
facilities. A potential explanation of higher number of crash
occurrences at 528@ 4000ft and 4006ft: 3000ft segments
could be the fact that this is the location where trucks start to
acces the right lane in preparation to enter the weigh station.
However, further analysis to confirm this may be needed. The
frequency of crash frequency after weigh stations segment was less
than crash frequency after all rest area faciligge® Figure 4)

2506 m Weigh Station m Rest Areas with PITWS

2.3 = Regular Rest Areas = All Rest Areas

20%
17.48%

15%

11.6%% 12.3%%
11119 11.41%

10%

5%

0%

5280-ft 4000-ft 3000-ft 2000-ft 1000-ft

Figure 4 (b). Frequency of Crashes at Incremental Distances Before
Facility
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MODELING RESULTS AND DISCUSSION
The Injury Severity Model Results

The software package Stata'f2vas used to estimate the ordered
probit model using the four injury categories. In analysis, the
property damage only or no injury category and fatal categories
were selected to be as lowerdahigher levels, respectivelyable

2 presents the coefficiemestimates from this model. The positive
coefficient implies that increases in the variable will increase the
probability that highest level of injury (fatality) occurs while it will
decrease the probability of lowest level of injury (PDO/possible
injury). However, the negative coefficient in the model implies
that the variable will decrease the probability of the highest level
of injury (fatality) while increasing the probability of lowest level
of injury (PDO/possible injury)Kwigizile et al,. 2010).

Table 2 :Coefficient Estimates of the Ordered Probit Model

Variable Coefficient  zZialue pZalue

DUI 0.67089 5.73 0.000
AADT £.00002 5.18 0.000
MultiZsehicleinvolvedin crash 0.74552 6.42 0.000
Clear/Cloudycondition 0.15727 2.66 0.008
Weighstation 0.13517 1.80 0.071
Max. speedimit 0.00666 1.85 0.065
Daytime(6am:7pm) 4).10872 Z1.69 0.090
Conflict area 0.08915 1.34 0.181
Ancillary Parameters Coefficient Std.Error
pl 1.583104 0.260526
p2 2.104197 0.262199
p3 2.853136 0.270987
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Numberof observations 3673
LoglikelihoodZ395.13
LRchi2(8) 110.86
Prob>chi2 0.0000
PseudoR2 0.0382

The table presents seven variables (driving under influence of
alcohol/drugs, AADT, weather condition, speed limit, day time,
presence of weighstation facility) which were found to be
significant at the 80% confidence level. Crashes occurring during
clear or cloudy weather conditions were more likely to result in
higher level of injury. The explanation for this could be that
drivers are more cdid and drive with lower speeds under bad
weather conditions on freeways and consequently reduce severity
of a crashThe positive coefficient of maximum posted speed limit
indicates that a higher speed limit is associated with higher level of
injury in acrash. Rifaat et al. (201%jated that the speed limit of a
road is expected to be correlated with its operating speed. The
positive coefficient of multvehicles implies that crashes
involving more than one vehicle are more likely to result into
higher njury severity (fatality). Also, crashes occurring during day
time (6 AM: 7 PM) are more like to be less severe (i.e., result in
PDO/possible injury). This finding indicates that crashes occurring
during nighttime were more likely to be severe (i.e., tegul
fatality) due to several contributing factors such poor visibility and
probably absence of enforcement, and so forth. Segments with
high AADT were more likely to decrease fatal injury severity in a
crash, because operating speed will be decreasetienedore will
decrease fatal crashesurthermore crashes occurring at higher
AADT are more likely to be reaend and sideswipe crashes
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(Haleem& AbdelAty, 2010. Driving under influence of
alcohol/drugs significantly increased the probability of higher
injury severity (fatality) Crashes that occurred before the facility
in the two influential zones (5280 to 4000ft and 4006ft to
3000ft combined) were more Kely to result into more fatal
crashes at 80% confidence level compared to other zones. This
finding could be an indicator that the zone36D0T1 5280ft from

the gore is the location with the most conflicts. It is possible that
beyond this section, triks may have positioned in the correct lane
and therefore the traffic is already stabiliz&bmpared to rest
area, presence of weigh station facility will increase the probability
of fatality in all influential zones.

The Frequency Model Results

In order b obtain more understanding on the conflict area (2280
ft) which is combined from two incremental zones (523
4000t and 4006t to 3006ft) before the facility and impact of
presence of a weigh station on the conflict area that were found to
be sigiificant in severity model and enhance those findings, we
used negative binomial regression model to estimate the frequency
of average crashes that occurred in that particular area per year.
Table 4 presents the coefficients of four variables (ADDT of
comnercial vehicle, guardrail median type, and weigh station)
were found significant in that model at p&rcentconfidence level

and the coefficient of number of lanessmMaund to be significant

at 90 percentonfidence level.

The results show that AADT ofosmmercial vehicle significantly
increased the frequency of crashes (a positive coefficient). That
implies that presence of high present of commercial vehicles in
traffic stream around conflict area of freeway facilities is prone to
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experience high numberf @rashes. The negative of coefficient
guardrail median type indicates that presence of guardrail median
at the conflict area of a facility decrease the crash frequency. Also,
the positive coefficient of number of lanes indicates that increased
numbers ofanes is associated with increase in crash frequency in
conflict area. Presence of a weigh station facility was found to
significantly inaease crash frequency at the 95 percenfidence
level. This implies that presence of a weigh station facility
increases the crash frequency and injury severity of crashes
occurring orthe zone of 3004t to 5280t from the gore.

Table 3:Coefficient Estimates of the Negative Binomial Model

Variable Coefficient Zmlue Zralue
Weighstation 0.5448636  2.28) 0.022
COMM.AADT 0.0002288 3.2 0.001
Numberof lanes 0.3122034 1.68 0.094
Guardrailmedian Z71.554064 2.870 0.004
Constant Z1.07812D 0.417 0.001

Numberof observationg8
Loglikelihoodz.06.52539
LRchi2(4) 30.09
Prob>chi2 0.0000
PseudoR2 0.1237
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CONCLUSIONS

Although numerous studies have studied the impact of roadway
and traffic characteristics on severity and frequency of freeway
crashes, effects of weigh station facilities on severity and
frequency crashes occurring in their vicinity has not been fully
explored. The main objective of the study was to investigate the
impact of presence of weigh station facilities on severity and
frequency of crashes that occur in their viciniur results
indicated that several roadway design and traffic characteristics
affect the safety at specific location such as the segment o0ff6280
to 4000ft to 30006ft from. Among those factors, presence of
weigh station was found to increase both crash severity and
frequency. Increasing number of lanes contribute to high injury
severity in a crash. Moreover, presence of guardrail median type in
conflict area decreases the frequency of crashes while higher speed
limit on those zones increases probability of havinghhinjury
severity in a crash. A crash occurring during clear and cloudy
conditions contribute to high injury severity whereas a crash
occurring during day time (6 AM: 7 PM) contribute to low injury
severity. The results showed that the influential zong2801t to
3000t is the most significant zone and experience the highest
number and severe crashes compared to other zones of the facility.
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Partial Differential Equations
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Abstract

Solving elliptic partial differential equations manually takes
long time. Computer plays an important role to solve this kind
of equations. Finite element method is used to solve elliptic
partial differential equationsybreducing these equations to
linear system Ax = b using iterative methods as Jacobi and
Gauss Seidel methods.

These methods are applied for two examples in this paper.

Keywords: iterative methodsi elliptic partial differential
equationi finite element rethod.
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Introduction.

Let m be a bounded domain inYRwith boundary 1 . It is
assumed that f and g are continuousnprSo a unique solution
exists

Yo =f(x,y)  For(x,yM (1)
uix,y) =g(xyy) inf
={(x,y) :a<x<bh,c<y<d}

The concept of the fite element is to apply this to equation

().

First, the test function v is picked where v satisfies the
boundary condition v = 0 onf and multiply the first
equation by v. Finally, we integrate the equation oveusing
Green's formula as

30QG-, —vds+ N0 Qw

A finite element discretization of (1) is based on the weak
formulation:[2] seek w V = [H- (m)]? such that.

Alu,v)=(fv)lon VvV (2)
Where a(uy) =, non0 Qo (fv)=  AOAG
The approximate solution,w' Vy, O V satisfies

a(u, v) = (f,v)l o~ vy 3)
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we define y = B u i (x), thus, we substitute,un the
following equations.[3]

al,"y=Fry 'k = 1, é, N

We obtain

B Ui .a@h f‘k) = (f, f‘k) | k = 1, é
*)

We could write the formula in (*) as:
AX = b. (4)

Where AN R™"is symmetric matrix, b R, and xN R"
is the request.

To solve (4) we use the iterative technique as follows
solution[4]

Xt = ¥+ C, k= 0,1, é.(),
Where X is given

For the convergence it is required that for aff "xR" the
vector sequence produced by the iteration (5) should be
convergent to the same vector % R". And x would be
approximate solution of x in (4hatis, AX = b.

The following two theorems are needed for the seek of
completeness.[5]

Theorem 1. Assume that (M,N) is a splitting of the regular
matrix A, such that T = MN is convergent matrix. Then the
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iterative method (5) based on this splittisgconvergent to the
solution of the system of linear algebraic equations Ax = b.

Theorem 2. Assume that A is monotone matrix, Then any
regular splitting of A generates a convergent iterative method,
that is, if (M,N) is a regular splitting of A then p{(¥) < 1.

In the following, some welknown iterative methods are
considered to the solution of (4) such as, Jacobi method and
Gauss Seidel method.

(1) Jacobi iterative method (JIM).

The Jacobi iteration of the form:

X— =— t{-B aj X— i }: 1,2,ee,n,

k= 0,1,2, 6é.. (6)

Is considered, where it is assumed that a0. Introducing the
notations[6]

D =diag A;
-U = upper triangular part of A;
-L = lower triangular part of A;

We have the obvious relation

A=DiUTL.
Then the Jacobi iterative method (6) can be rewritten in the
matrix form
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X< =D(b + (U + L) X, 7))
That is,

x*! = pYU+L)x* + D™b.

Obviously, this is a BIM with g= D* (U+L) and g= D™b.
On the other hand,

Dx**! = (U+L) XK + b.

That is, if M= D and N= U+L is defined then

My X1 = Nyx€ + b.

Moreover, the relation Mi Ny=D7i UT L = A holds.
Consequently, the iterative method of the form (7) is BIM
based on the splitting

A=Mj;T Nj.
(2) Gauss Seidel iterative method (GSIM).
The Gauss Seidel iteration of the form
= ﬂ_ B ax xt - B ai X X" i::|

5 , k= 0,1, 2 é. (8)
The Gauss Seidel method can be rewritten in the matrix form
DXt = X! + UX+ b,

It can be remarked that the main difference betweethess
Seidel method and the Jacobi method is the following:[7][8]
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Using the Jacobi method for the computation of the new
iteration the previous approximations are applied in each
equation, while in Gauss Seidel the new already computer in
more suitable fan is rewritten as

(D - L)x*" = Ux“ + b. 9)
Introducing the notations

Mgs =D1T L, Ngs=U,

We obtain

MgsT Ngs=DT LT U=A.

That is, MssT Ngsis a splitting of A. Then (9) can be rewritte
in the form

MesX "t = NgsX® + b; or

X = TesX" + Ces;

Where, we have used the notations

Tes=Megs? Ngs= (D-L)*U, Ces= Mgs® b =(D-L)™b.
Example 1

Consider the follows problem with boundary conditions and
given domain

No=2i (x*+y) 0 xy 1

u(x,y) =0 when x=1,y=1,
u(x,y) =- (1-y%) when x=0;
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u(x,y) =- (1-x%) when y=0;

Example 2

Consider the follows problem with boundary conditions and
given domain

Yo=2i (xX*+y) 0 xy 1
u(x,y) =0 in boundary

Briefly the solution of the given problem by theoretical
methods is applied as defining step size h and partitioning the
intervals [a,b] and [c,d] into n equal parts and the finite
element mihod.[9]

Figure 1 The shape of example 1 where n=25
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Figure 2 The final shape of matrix A of example 1 where n=10

For example 1 Ax=b when n=2
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Figure 3 The shape of example 2 where = 25
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The results of numerical tests of the Jacobi an gauss seidel
iterative methods for example 1 and example 2 are given in the
following tables:

Table 1 Iteration and rekial of matrix A by Jacobi and Gauss
Seidel method of example 1

h 1/5 1/10 1/20
Iteration | Residual | Iteration | Residual | Iteration | Residual
JIM 32 9.592e-4 131 9.875e-4 527 9.931e-4
GSIM 18 6.611e-4 71 9.590e-4 288 9.779%-4
Table 2 Iteration andesidual of matrix A by Jacobi and Gauss
Seidel method of example 2
h 1/5 1/10 1/20
Iteration | Residual | Iteration | Residual | Iteration Residual
JIM 26 9.965e-4 109 9.868e-4 527 9.931e-4
GSIM 16 7.071e-4 62 9.670e-4 288 9.77%-4
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CyxblBmM wBMfpUB WpFAIK 3rc W3 23Hhgs M C
w3j] O C3K 3rj) OF WpCLU ODyyMnsa Fp3r Ll _ wl
nioF1l aRyF (wWB MF Ap BF WWPMw L ( OB sudFy /esBe C
10nHF 29DFemH SByr'p OF Wp CL, Oyy MBI 2nFOF unp mC
FKCA2mM w3yNe WOgY AHj AB 3blil 2 pry9g.
JFpFx 9 BF AWHO wWTFYF WOUslrOF #glOFj IC
6b WOZF NKOF wKFj OF 2mMCc _ F3XF eyt nlol
. W3 HTryhH UbbFB 6BF X073 wr

Abstract

In this paper, the performance and behavior of tpleese three
wire hybrid power filter with twearm during a transient regime of
the load has been studied, this hybrid filter is designed by
combination of filters using passive and active filter with WG
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capacitors located in the DC side of the power inverter. The active
filter connected in series with a passive filter. For the connection to
the network no transformer is needed. For this study, we changed
the power of the load, which varies from 20 K@¢/10 kW, by
suddenly changing the value of the resistance Rd connected to the
diode rectifier. The control method is based on current control
techniques (dy theory). Finally, by computer simulation, it is
observed from the obtained results that the madent and supply
current is improved significantly with a decrease of total harmonic
distortion (THD) immediately after transient regime.

Index terms

Hybrid filter, nonlinear load, power quality, total harmonic
distortion (THD), transient regime.

l. INTRODUCTION

Generally, harmonic currents are mostly generated by AC/DC
power conversion units and the power electronic equipments. The
harmonic currents are the source of adverse effects for many types
of equipments such as heating in distribution transformer,
perturbation of sensitive control equipments and resonances with
grid. Many solutions have been studied in the literature to mitigate
the harmonic problems, such as filtering (passive, active and
hybrid) with various topologies [1]. These solutions havenbe
proposed to improve power quality of the AC mains. Active filters
were developed and widely used to overcome to the drawbacks of
passive filters (figure 1) and improve power quality, but the cost of
active filters in industrial could be very high becausf large
power rating of the power converter [2]. These cost considerations
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limit the applications of active filters used in the power systems
[3].

As a solution to this situation, the hybrid active power filters with
different control strategies haveedn developed by using active
and passive filters together for improving power quality [4,5]. The
main aim in the development of hybrid filter is to reduce the cost
and rating of active filter by using passive filter that filters
dominant harmonicscaused by nonlinear loads and supplies
reactive power requirement [6,7].

5th 7th HPF

C, —= ey

‘ 5111‘ Tth ‘ 11th

T~ T
|

13th

‘\ ‘\
J

4 {
) )

)

Figure.l. Passive filter configurations.

Figure.2 shows the studied hybrid filter topology with control
method in this paper. The hybrid filter consists in a passive filter,
connected in series with an active filter without any transformer

[8].
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Figure.2. Hybrid power filter configuration with control method.

The passive filter is an integral part of the hybrid shunt active
power filter, tuned at 1 harmonic frequency, which absorbs
harmonic currents generated by the load, whereas the active filter
improves filtering performances of the passive filiris papeis
mainly focused on the efficiency of the chosen hybrid power filter
topology to reduce the level of current and voltage distortion and
also to show the influence of the transient regime on the hybrid
shunt active filter effectivenes¥he dq base contl algorithm is
applied for harmonic compensation, the feedforward loop in the
proposed control scheme replaces the classical passive filter
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configuration [9,10]. The feedback control is applied to the diode
rectifier input harmonic currents. In this papee used the same
control method which proposed in our paper [4] to studies the
performance and improve filtering characteristics of tihie-arm
hybrid power filter during transient condition. In the control
method (dq theory), the three supply currents, isp andisc are
measured for the feedback loop and transformed in Ufie
reference frame:

N 21 1 1lgy g
0= 28 2 2% (1)
9.0 V3g, 3 3=

&€ 2 T oifsd

Then, aSTF is introduced in feedback loop which extracts the AC
components directly ffromxitsh.e Tchuirg e
extraction is achieved by substracting the-asfiing filter input

signals from the corresponding outputs. The resulting signals are

the AC componentsj~a andi;, which correspond to the harmonic

components ofis, ,isp and isdn the stationary reference frame.
Then, after computation based o dransformation, we obtained
the threegphase harmonic reference curreidts,isnpandispe Each
harmonic currentsy, is amplified by a gain K in order to produce
the three AC voltageeferences of the feedback loop, given by:

Vg, =ig,® K (2)

The feedforward control tuned for thé" Zand 7' harmonic

frequencies using 2 STFs. The thpdese load current$,, ,iip

andig, are measur ed abnrde fterraennscfeo rfnreadmei.n
the8"har monic frequency, wejstd@wuned the
5 gpin STF, in order to compute the DC compotsd . and i
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at the output of the STF. To calculate the féedvard voltage
references at the fifth harmonic frequency, we note:

Y/

a

5=2:% 1.5 (3)

1 3
c ) las (4)

5~F

=(Re + jwgLe +j

Consequently, the references voltages &t Warmonic are
expressed by:

e [}
é\/ 0 é RF W5LF+ ueaSg (5)
'l gl - Ug o
g WSCF A el

When appl-yiingvemhsee Utransformati on (€
threephase feedorward voltage references at th& Barmonic
frequency.

e o
i €1 o u
&.. .o Z S s
é U 2€ 1 J3 Ve, o (6)
évsu: —e — _ Ue* u
.2 3é 2 2 U @usy
&/ u > N
€Yes U e 1 B J/3u
g 2 2 Y

For the ' harmonic frequency, we did the same as explained for
the8"har moni c frequemntcoy7The yoltagchangi ng
reference of the active filter is compared with a triangular

waveform (10 KHz) to generate the switching patterns for the four

power MOSFET devices. A DC bus controller used to regulate the
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DC bus voltage ¥ and to compensate the inverter losses is
proportional integral (P1) regulator [11].

1. TRANSIENT REGIME OF THE LOAD

Studying of the performance of hybrid active filter duriag
transient regime of the load is the main concern of this paper, for

this study we will change suddenly the power of the load from 20

kW to 10 kW by varying of theesistance Rf r om 21Y to 42
this transiengas following:

Us(3da2/°) *V= 648 V (7)
Ru=U%/Pi= 21Y

and:

Rip=Ug/P,= 42V

Where:

(Ry), isthe parallel resistance connected to the diode rectifier
(Ug), is the voltage at the terminals of the resistance R

(Py), isthe power of the loa0kW) bebre transient regime.

(P,), isthe power of the loafLOkW).

I1l.  SIMULATION AND RESULTS

In this work, simulation model of the system is formed and
examined by MATLAB and associated
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system are given in Table I. harmonic content of the supply current
is obtained by 4] method.

TABLE I. SIMULATION PARAMETERS

Capacitor: G 57.6 LIF
Inductor: Lg 2.5 mH
Inductor: Lg 0.15 mH

DC bus voltage 210V

Capacitor: @ 1500 ['F
Resistor: B, 21Y

Resistor: R, 42 Y
Capacitor: G 1500 [IF

System frequency | 60 Hz

System voltage 480V

The simulation results obtained showed a slight degradation of
current and voltage waveforms during thensient regime but the
hybrid filter with his feedforward control manages to regain all its
filtering capacity after the transient regime as presented in figure.
3, and figure.4. The THD of the ndimear loadi_ is equal to
23.7% before filtering becae of the large amount of thé"5
harmonic current while it is equal to 3.6% for the source curgent
after filtering.

144 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M

pa



International gt A
Science and Technology Journal Volume 15 ) A ——

il ashall Ay Ayl October 2018 5! IST |.I /\(

100 T T T T T T T

SOURCE CURRENTS (A)

100 r [ L [ r [ L
4.8 4.9 5 51 5.2 5.3 5.4 5.5 5.6
TIVE (s) 5

(A)

100 T T T T T T T

LOAD CURRENT (A)

-100 s I I L L L I

4.8 49 5 51 5.2 53 5.4 55 5.6
TIVE (5) x105
(B)
Figure.3.Influence of transient regime on the:
(A) Three source currentg,iis, and ke
(B) Three load currenis,, i, and L.
145 Copyright © ISTJ A giaa aodal) (368a

W\JNMMJ.\SIM



International gt A
Science and Technology Journal Volume 15 ) Inersatns e s Tchasogy Jowrss

il aolell ulp) Al October 2018 i ISTIJ/&

2201~ -

VDC (VO
~
S

200 B

TIME (5) <10°

Figure.4. Influence of transient regime on the-B& voltage V (V).

VI. CONCLUSION

This paper validates by computer simulation the efficiency of the
studied topology to suppress the harmonic currents produced by
nonlinear loadsThe value of resistanceyjRas been changed from

21Y to 42Y for transient regi me.

voltage waveforms have been deformed during this transient which
started at time 0.49 (s). In addition, the voltagg Wcreases up to
220V, before stabilizing again around its initial value of 210V.
these results show that the hybrid filter is transiently influenced by
this change of the load but quickly found its effectiveness at the
end of this transient regim@he transient regime of ndmear
load causes an increase in total harmonic distortion (THD=17%
during this transient) that will lead some of adverse effects for
many types of equipments such as heating in distribution
transformer and perturbation of sensitive control equipm@itts
hybrid filter provides performance benefits of active and passive
filters. Another advantage is that the hybrid active filter is also
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capable in reducing the THD and energy saving unliféerent
operating scenarios.
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sudlall

WKF3H ¢c33b urpthF c¢T afcrd¥c wucplk ZyTr KR
W4y 4dj b eblrT ADIKF FMKk . ACHIF wYyyYb
IR gcalOFm w3y bOr OF pFHTKOF 39xB A CHIF u
MN3 ¢T wsBCPkP3l r OFS TAOQHABF pug S yPHAFIOFD YiF f H
bFHr 910 ¢c2MObMIO3%xbF WHAFIKOF ebllom . aC
332 4FpfFntbvF 29bBObmM (uMHI IOF bHA n4d
NAKOy3Db &| 2. UF 2. oAMDPB e OWKFHT BF _ wj
WCtCt WObIT pfFbla3d3F 6b pFABF FmMk T
. Fp®»F wtHYb WpFr uylOBBEIE 3 pFRpy OFF Uk
dgKUXbF 433 2Cj b c3WF WOIBIOr OF d9Fp
chPC3k e6ylx #WTtTHib eB wWtbfrp3lOF wysj3I
NMPHATHHAWMBF B eB 4 bhpPObBIHOBUWHfHE H®F @RI B
colOF wyYFfrTOWF dF y.Hj VesfBbn r FFr g hE pbBOFA |

[1] W* Or OF ¢ TVarBap HhiTsORGFK Wp R 3 BB F n BF BF
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Er> O6fFgxF 6b 2j 3OF FMKk ¢T w)bOr IOF
PFylbF dYFpfFflB EYX ndAK wtpCHF whMF
qFpf s WOMT KR 228%M cJ/ly 3T IOF ¢ BC3 nlOF
NMr M sTwAHFB aFCP3IBhF3d WYKF33r OF DHoF -
eB QOCFYHL ndAK wykpF 33r KBDConMdefter /1 IOF a F CF
20 FKkpFCUB n Om b RO mnAW1 €he 3 w 306 O rc FOF W

eB XUj gA0 wy 3| 348 mm g K \p Y SBOF HFREPMKIOR: IOFF K
dFkFtTbF 9FM oCFYHRhAK c CfF dMFIOF X YIHBp b F
. wWy3j3rkOF Prfry

Abstract:

The tendency in mechanics of materials and material selection
fields in now dayss toward adopting light weight automotive and
aircraft vehicles and other applications. Composite material is
considered in present to be the replacement choice of the ordinary
used heavy weight materials, however the anisotropy behavior and
stress concerdtion due to cutouts open huge research work for
improve its structural performance. New idea of designing biaxial
composite laminates with curvilinear fiber paths is investigated to
enhance the structural performance of composite laminates, hence
reduce stress concentration due to cutout. Coarse meshes of
curvilinear fiber paths identical to those curvilinear fiber paths
produced in the engineering fabric were modeled using a Matlab
code developed by the autBofrom an existed Matlab code
Varifab also developed by the ausinan [1]. The mathematical
algorithm of Varifab code can be found in [1]. Meshes matched in
orientation the curvilinear fiber paths of real engineering fabric
were generated with five degrees of curvilinear fiber paths and
thenmapped into finite element mesh using Matlab DDConverter
code. Finite element work has been conducted on straight and
curvilinear fiber path eight plies 200x200 mm square composite
laminate with 20 and 40 mm center hole to investigate the effect
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on curviinear fiber on improving the structure performance of the
curvilinear laminates.

1. Introduction

The need for composite laminates with high stiffness and strength
with maintaining the light weight feature was the major advantage
in many industrial applications such as (aerospace, automotive and
etc...). However, many applications which rely on contposi
laminates with notches, holes, cutouts and etc..., need to increase
their stiffness and strength at those discontinuous due to stress
concentration around those areas. The frequently used way to
decrease or even vanish the stress concentration waasimgreéhe
number of plies, whether around the discontinuous only or
crossover the laminate. Nonetheless, the advantage of light weight
will be effected using the previous mentioned method. Composite
ply with variable stiffness would be a good choice fas thatter.

In fact, composite ply with variable stiffness has no continuous
fiber orientation angles in each unit cell [2]. Composite ply with
variable stiffness turn out to be existent first time by Gurdal et al
(2005) [2] when they innovated AFP advanddukr placement
machine. AFP produced laminates with variable stiffness by
steering fibers in nostraight paths which generates variable fiber
orientation angles in each unit cell according to designers' desire.
However, a local increasing in laminatackmess would occurs
due to fiber overlap. Composite laminate with steered fiber not
only increased stiffness and strength according to many
researchers [3,4but also it is the key factor of increasing the
critical buckling loads as proved by [5,8ompcite laminates

with variable stiffness is not a new subject, many researchers from
different organizations perform a work in this area using different
methods and different concepts. Some of them carry on their
shoulder investigating the potential of inaseng the laminate
stiffness [35]. Whereas other researchers examine the possibility
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of raising up the firsply failure, the critical buckling load and
bending properties [6]. However, composite laminates with
variable stiffness (steered fiber laminapepduced by Automated
Fiber Placement machine AFP comprise with a number of
discontinuities such as gaps, overlaps, twisted tows . In this
investigation, finite element method is used to predict the stiffness
magnitude of composite laminates with strai§ber orientation

and the stiffness magnitude of composite laminates with steered
fiber orientation with several layers. The orientation angles of each
element has been assigned using discrete fields method available
in Abaqus standard and explicit. Thum) automated modeling
Matlab code of generating steered fiber mesh developed by
modifying the existed VarifabGA Matlab code developed by the
authos [1]. The new code was modyfied from VarifabGA code by
changing equation (5) in [1] with polynomial equatito satisfy

the steering requirements. Joel carried out a sensitivity study using
finite element method on 3D printed composite part to figure out
how sensitive the part stiffness and strength to variability of tow
orientation angles. Patrick used Gendisige element software to
model a square composite panel subjected to a compressive
displacement in xdirection. Each element within the composite
panel has a unique orientation angle to represenptagement.

He investigated the effect of variable esriation angles on
stiffness and failure using maximum strain, maximum stress and
Tsai Hill criterion Ajit et. al, developed FE models which can
accurately predict the cured shape of &teered laminates. The
bases of building the FE models are by deteimg resinrich
spots, ply thickness and fibaeratrix volume fracture by buraff

tests. Those experimental parameters are then fed into the FE
models to predict the cured shape of #&teered laminates. In
order to obtain higher stiffness of testeeredlaminate an
optimum fiber orientation angles layout of unidirectional
composite laminate was produced using geratorithm method

[7]. Blom [8] developed new sight in testeered composite
laminates by introduce curved 3D shell geometries such as
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(cylinder and cone). They used a mathematical technique
implemented in Advanced Fiber Placement software to create
reference fiber path with fluctuated nonlinear orientation angle
along the path. The first purpose was to optimize the stiffness of
the 3D geometes as function of local laminates position. The
variation in the circumferential direction of the 3D geometries
show more stiffness improvement in bending loading mode which
lead to higher buckling load. He also used the FEM and obtained
good agreement beeen the practical and numerical results in
terms of mass and stiffness distribution crossover the two 3D
geometries (cylinder and cone). Suhas [9] developed a novel FE
model that incorporate defects such as gaps and overlaps as 'defect
element’ in the maal of curvilinear fiber laminate using ANSYS
finite element software. The model could predict the effect of
those defects (gaps and overlaps) in strength decreasing. He also
observed that the reduction in strength and stiffness depend on the
direction of ekfects. Defects parallel to loading direction decreased
stiffness and strength more than those normal to loading direction.
Tanut and Horst [10] used an optimization method Global
Response Surface Method GRSM by finite element analysis on
laminate with stered fiber which increased buckling load capacity
by 20% compared to the buckling load obtained from laminate
with straight fiber. Kurt et. al. [11] developed two algorithmic
methods using the Adaptive Modeling Language for modeling the
position of curvedingle tows in composite part with steered fiber.
The methods constructed in head of an existed solid modeling
kernel which execute curvilinear tows on composite laminates
without errors connected to offline programming system. Liu et. al.
[12] used an ojnization method named ‘combined minimum
mass optimization strategy' to obtain an optimized buckling load
with minimum mass for Continuous Tow Shearing CTS laminates.
Then, they added straight fiber +45° plies to the previous
mentioned optimized laminaterf buckling load and mass saving
for improving the strength of Damage Tolerant at the panel edges
on the areas of high stress concentrations. After that, another
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optimization circle has been applied on the laminate with added
+45° plies at the concentratiostress areas which result in an
improvement on the strength of damage tolerant to up to 71% and
improvement of weight reduction up to 6% with comparison to the
laminate optimized for just buckling loading capacity. Gurelal

al. [13] conducated a finitelement study on ‘variable stiffness
panels'. They concluded that, there is unconjunction between panel
stiffness and buckling load, which mean that for variable
stiffness panels it is possible to acquire maximurrplame
stiffness at the center of theanel at the same time obtaining
maximum buckling load at the edges, which it could not be
possible to achive using composite panels with plies with straigh
fiber. Lopes et. al. [14] used finite element method to prove that,
the structural performance dfteered fiber laminates such as
buckling load and first ply failure is unaffected by existing of
cutouts. The critical buckling load and panel strength have been
improved when applying steering fiber technique on composite
panels, which resultant of unldag of central area, hence loading
toward the supported edges. The change in loading distribution due
to fiber steering technique is very beneficial in case of existence of
cutouts or discontinues in the center of composite panels, since
there is unloadingnode in the center of the panel. The failure
performance has been also improved due to the redistribution of
the load and the results of high buckling load. However, one
design disadvantage of using AFP in manufacturing fbeered
laminate is the fing width of the Advanced Fiber Placement
machine head. The finite width of the head cause mismatch at
narrow tip corners and edges of the panel which lead to hot spots
of stress concentrations. Claudio et. al. [15] carried out
experimental and finite elemenwork on square composite
laminates with and without cutout. The composite laminates
fabricated using straight fiber and steered fiber techniques to figure
out the rage of damage initiation, damage propagation angblfyrst
failure of each case. The nunoal results as buckling load and
first ply-failure from the FE model that modeled constitutively for

154 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International 3-151"»,-'51 L
Science and Technology Journal Volume 15 sl ot —

il aolell ulp) Al October 2018 i ISTIJ/&

damage using composite damage criteria [16] implemented in
userdefined material Fortran subroutine Umat in Abaqus finite
element software show a good egment with experimental
results.  Furthermore, laminate with steerBder shows
outstanding results in terms of increasing the laminate strength and
postponement of laminate collapse. The usual buckling location in
uniform structures (beams, plates tc)as at the center. Avoiding
buckling from taken place is not easy task. However, stefdred
technique make this possible since the redistribution of fiber
orientation angles give the facility of increasing shear angles at the
center which makes theggion stiffer and increasing buckling load
with 50% compared to ordinary composite laminate with straight
fiber. They also find that, steeréiber technique give the
flexibility and the ability to the designers to reduce or even

terminate the negativefefe ct s (1 ow buckl ing | oad,
strengt h, high stress concentration,
of cutoutdgibar stemredte by manipul
orientation angles of the | aminates

numeri@lly using finite element analysis the thermal performance
of steered fiber laminate in terms of degree of dissipating heat and
reaching a lowest temperature compared to straight fiber laminate.
The reason behind steered fiber laminate dissipating heat and
reaching lower temperature curing before straight fiber laminate is
because the idea of introducing steered fiber in both x and y
directions. Genetic algorithm optimization technique has been
applied on unidirectional steeréitbter laminate by Legrand edl.

[18] to obtain an optimum steered fiber orientation angles. The
optimum design in terms of high stiffness and strength of the
steerediber bolted joints that used in helicopter rotors was
achieved as a result of applying genetic algorithm optinugati
technique on steered fiber. AlImost all of researchers in field of
tow-steered composite materials used unidirectional concept for
steering fibers crossover a surface. However, steering fiber or tows
of composite laminate carried out using an AdvancdoerF
Placement machine (AFP), which has a head as mean of feeding
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fiber or tows of a finite width. The drawback of the machine's head
is that, the finite width of the head disable steering the fiber in
narrow corners and sharp edges and tips which cauess st
concentration. Moreover, using AFP machine make the tows
overlap which cause thickness variation. Furthermore, cutting tows
to prevent overlaps cause fiber or tows discontinuity which lead to
structure inefficiency. In addition the high cost of AFeheque

give pretention to explore another simple, lo@st and improved
technique. This work is concerned on introducing initial
conception of a novel Shear€@dbric Technique SFT which used

to produce composite laminate with variable fiber orientation
argles acros®ver. The shearefdbric then characterized using
image processing technique to determine the distribution of fiber
orientation angles. These data then used as input data to be fed to a
Matlab code modified from the autlsoMatlab code [1] to
generate a finite element mesh that used in further simulation to
investigate the structural performance of shedabdc laminate.

2. Experimental methods and results:

The bulk of this work was conducted while Dr. Farag Abdiwi
employed on this grant as postdoc working in Dr. Philip
Harrison group at University of Glasgow. method for designing

a braxial laminate with different fiber orientation angles innovated
for first time byHarrison[19]. The simple concept of the method
based on applying different values of tension stresses at eight
location around by instance square engineering fabric to obtain the
desired configuration of different orientation angles in every single
unit cell of the fabric as shown in Figure 1 [20].
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Figure 1. Sheared woven roving glass engineering fabric
circumferentially[19].

For further image processing a red lines as a grid with desired
density tracking horizontal and vertical yarns have been drawn as
shownin Figure 1. Using imageJ software [21] every shear angle
in every unit cell was measured and two matrices as element
matrix each element consists of four nodes and shear angle matrix
have been generated and saved in text file. This two text files
would fed into novel code modified from Varifab Matlab code [1]
to generate finite element mesh match the actual full field
orientation angles distributed on the fabric sheet shown in Figure 1
(see Figure 2), however, so far | still use try and error method to
obtain the matched mesh (Figure 2). The work details of the
modified Varifab Matlab code can be found in an article title
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Modeling and Mesh Generation of Steefiemlvs for Woven
Engineering Fabrics, submitted by the author for publication in
Technical Journalof the National Board for Technical and
Vocational Education in Libya.

Figure 2. Finite element mesh matched the distributed orientation angles
inherent across the manipulated sheared fabric sheet in Figure 1.

The modified Varifab Matlab code acquiréakge capability in
terms generated meshes with different curvilinear orientation
angles (see Figure 3). As can be seen clearly some of the finite
element meshes stretched horizontally at the center while some
stretched vertically and one of them streteldevertically at the

two horizontal edges and other meshes are as cells one, two and
three cells. Every mesh (Figure 3) is best for certain propose,
meant for instance the stretched element horizontally at the center
present high stiffness at the centdniehh delay buckling load in
case of unidirectional axial horizontal loading mode.
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Figure 3. Different sheared finite element meshes with curvilinear
orientation angles configuration.

3. Analytical and FE Analysis:
3.1. Procedures of Assigning Curvilinear Fiber Angles to FE Model:

Up to this stage, the sheared fabric obtained from shear
deformation manipulation at the eight corners of the engineering
fabric mentioned in previous section (see Figure 1) has been
charactezed in terms of determining curvilinear angles in each
unit cell. The curvilinear fiber paths obtained from shearing the
fabric sheet have been modeled using the modified Varifab Matlab
code. Finite element mesh with curvilinear fiber paths has been
generded as a result (see Figure 2). Finite element mesh with
desired mesh density with identical circumference size of the mesh
size generated by the modified Varifab has been generated by
Abaqus CAE software for further finite element simulation. The
task inthis section is assigning the curvilinear angles obtained
from the mesh generated by the modifies Varifab code in each
finite element of the finite element mesh generated by Abaqus
CAE software. There are four steps to achieve this mission:

a) Sheared fiite element mesh with curvilinear fiber path can be
generated with similar 2D correlations of the curvilinear
configuration inherent crossover the engineering fabric sheet
(Figure 1). A simple try and error method was used by the
modified Varifab Matlab ode to obtain similar curvilinear
orientation angles in the generated Abaqus CAE mesh with that
obtained from shearing the engineering fabric (see Figure 1 and 2).
The generated finite element mesh is consists of membrane or shell

159 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M



International iyl 5 i
Science and Technology Journal Volume 15 222 tsans eenr o Teekasng Joursl

il aolell ulp) Al October 2018 i ISTIJ/&

finite elements. Each hyild finite element contains four truss
elements at the side lengths of the quadrilateral element for
modeling tension behavior and one membrane or shell element to
model shear and bending. The results obtained from this step are
finite element mesh with cuilinear fiber paths antivo data files
node.mat, and connectivity.mat from thwdified varifab Matlab
code, in addition finite element mesh and nodeout.mat data file for
further operation of mapping curvilinear fiber angles.

b) The second step is lidiin a finite element model by Abaqus
software to model composite laminate of several plies with straight
fibre paths and with sheared curvilinear fiber paths. The finite
element model that modeled in 3D modeling space, deformable
type, shell planer basieature shape with 0.2 m diameter central
hole. The material constitutive model that used to model this
model is elastic material behavior type lamina. The material
properties used to model this composite laminate are illustrated in
Table 1.

Table 1. Theeomposite laminate material properties [21].

Property Value
El 50 Gpa
E2 18 Gpa
ulz 0.25
G12, G23, G13 9 Gpa

Modeling damage of the components of composite material was
also takes place by using damage criteria of fikerforced
composite (Hashin'slamage criterion implemented in Abaqus
material module) [22,23]. Longitudinal and transverse tension and
compression strengths and shear strengths of Hashin' criterion are
illustrated in Table 2 [21].
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Table 2. Failure strengths of glass filvemforcedcomposite [ 21].

< 1At 2t . 2C 1 2

. 1c ' '
1le+09 -6e+08 5e+07 1.2e+08 7e+07 7e+07

The section that chosen for this model is shell section type
composite. The orientation angles of the two plies of the straight
fiber laminate are +45°, while the orientation angles of the two
plies of the sheared curvilinear fiber laminate are vary and
assigned using a Discrete Field Generator model available in
Abaqus standard which will be explained in next section.
However, earlier than using the Discrete Field Generator model a
middle distance step must takes place. This step is mapping the
orientation angles of the sheared fabric curvilinear fiber mesh
(Figure 1) to the finite element mesh generated by Abaqus CAE
software with desired mesh density (refinement). This step has
been applied usin@DConvert Matlab cod§4]. The procedures

of applyingDDConvert Matlab code are as followBhe input data
which fed into DDCovertl and 2 are three data files; node.mat,
nodeout.mat and connectivity.mat. The node.mat matrix was
obtained as output from thmodified Varifab codeThe node.mat
data file contain 7 damns; the first column is the sequence of the
nodes, the following three columns are the x, y and z coordinates
of the nodes, the fifth and sixth columns are the orientation angles
of every element of the two plies and the seventh column is empty.
The comectivity data file contains the elements of the steered
curvilinear fabric mesh and also obtained from thedified
Varifab code The nodeout data file produced by generated a mesh
with size matched the size of the steered curvilinear fabric mesh
that gerrated earlier fronthe modified Varifab codel'he nodeout
data can be produced easily using Abagus CAE software by just
create a mesh with the given size and element type and then write
input file using the mean of writing input file available in Abaqus
CAE software. The coordinates of the nodeout data file are the
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centre point of every quadrilateral element which obtained by
averaging the coordinated of the four corners of the elements. The
centre points of every element were obtained using a
NodeOutAbaqga.m simple code. The input data of this code are
node and element matrices (NodeMatrix and MElementMatrix)
obtained by using/arifab code [1]. Nodeout data file contains 7
columns; the first column is the sequence of the nodes, the
following three columnsre X, y and z coordinates of the nodes of
the sheared curvilinear mesh, the fifth, sixth and seventh columns
are empty but the fifth and seventh columns will be filled in with
the orientation angles of every element of the two plies by
DDConvert codeas wll be explained next.

As rapidly as the node.mat, connectivity.mat and nodeout .mat
files are generated, they copied froktatlab Workspaceand
placed inDD Convert codefolder to fill in the fifth and sixth
columns of nodeout.mat with the curvilinear orientation angles of
each element in the mesh.

On the other hand, in between post processing step need to be
taken, to obtain the curvilinear orientation angles fromniesh
generated byModified Varifab to be filled in to the mesh
generated by Abaqus CAE, which filling the empty spaces of the
fifth and sixth columns of node.mat. The number of nodes is not
equal to the number of orientation angles of every element which
is a fact since the number of nodes of any mesh not equal to the
number of elements, consequently an empty space have been taken
place on the node.mat. To fill in those empty spaces, a simple
Matlab code (fill_56_node) has been written which work as
follows; reshaping the x coordinates of node.mat matrix (the
second columns of node.mat) to be a square matrix with columns
and rows equal to the number of the elements on the vertical and
horizontal directions of the mesh that produced earlier from
Modified Varifab. Then filling the right and lower empty column
and row with same values of the approached column and row as
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shown in Figure 4. Figure 4 shows a mesh of nine elements (the
black square) and sixteen nodes that have nine orientation angles
(the angles inthe black squares), while the node.mat of this mesh
have sixteen rows since the number of nodes are sixteen and nine
orientation angles in columns five and six. To make the orientation
angles match the number of nodes? column three was copied and
pasted incolumn four and rows three was also copy and paste in
row four. Consequently, the number of elements becomes equal to
the number of nodes.

-75.6404] -75.6404] -75.5067] -75.5067

-75.2921] -75.2921] -75.3252] -75.3252

-15.4796] -75.4796] -75.4796] -75.4796

-75.4796] -75.4796] -75.4796] -T5.4796

Figure 4. Sketch of filling in the columns and rows of the square node
matrix

The output from theDDConvert code are two text files
(AnglePlyl.txt and AnglePly2.txt) which contain the curvilinear
orientation angles of each single finite element in ply 1 and 2 of
the finite element mesh that generated by Abaqus CAE. That mesh
will be used to investigatihe structural performance of composite
laminates with curvilinear fiber paths.

To summing up, the below picture (Figure 5) demonstrates the
steps of assigning curvilinear orientation angles in composite
laminate for further numerical finite element siation. The
results from Modified Varifab are node and connectivity matrices,
whereas the results from the finite element mesh generated by
Abaqus CAE software nodeout matrix. All these results (node,
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connectivity and nodeout matrices are input to DDCdne@ie to

map the orientation angles distributed in the sheared mesh
obtained from Modified Varifab to the finite element mesh
generated by Abaqus CAE software. The results from DDConvert
code are two matrices AnglesPlyl and AnglesPly2 which are the
shearangles of each single finite element in ply 1 and ply 2
assigned by Discreet Field Generator available in Abaqus CAE
software. Finally the finite element mesh generated by Abaqus
CAE is ready now for simulation to investigate the structural
performance o$heared curvilinear composite laminate.

Varifab

fii

:

i

i

:
==

-

NodeOut

Abaqus

Discrete
Field

Generator

N

AnglesPly2

AnglesPlyl

Figure 5. Sketch shows the steps of assigning orientation angle to each
finite element.

3.2. Results and Discussion of the Curvilinear and straight fiber
composite laminate FE models

Once the curvilineaorientation angles of the composite laminate
with curvilinear fiber paths are generated by DDConvertor code as
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AnglePly 1 and AnglePly 2 data file matrices, the FE simulation
using Abaqus ImplicitTM for the composite laminate with
curvilinear fiber path aa be conducted. On the other hand, the
orientation angles of the FE simulation for composite laminate
with straight fiber path no need to use DDConvertor code nor
Discrete Field Generator model since the orientation angles of
each single ply are identicad all finite elements. The composite
laminate FE model dimensions measuring 200x200 mm subjected
to a uniaxial horizontal tension loading at the right and left side
length. Two case square laminates with center holes 20 and 40 mm
are modeled using 1930 8Rshell structural element with 2027
nodes for laminate with 20 mm center hole, hence 2308 SR4 shell
structural element with 2440 nodes for laminate with 40 mm center
hole (see Figure 6). The finite element simulation executed in one
single general elastistep with 100000 maximum number of
increments and the time step in the simulation was chosen to be
assigned automatically. The loading mode is an axial vertical
loading mode applied as 3 mm displacement in direction of
positive y axis on the upper squdirgte element mesh side length
and 3 mm displacement in direction of negative y axis on the lower
side length of the mesh.

Figure 6. Finite element mesh distribution of laminates with 20 and 40
mm center holes
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Several finite element simulations usiAbaqus ImplicitTM have
been conducted on two identical sized finite element meshes with
20 and 40 mm centre holes as models of composite laminates of
curvilinear and straight fiber paths using axial vertical
displacement of 3 mm on each x positive andatigg axis.
Further posprocessing of the results was carried out in Abaqus
ImplicitTM. Figure 7 shows relationship between an axial vertical
t ensi | gand dxial @estisal teénsile strag, of two 200x200

mm eight plies composite laminate with 20 and 40 mm center
holes for straight and curvilinear fiber orientation angles. The
stacking sequence of the eight plies for laminates with straight and
curvilinear fiber orientation angles are [+48/+45F45/-45/+45/
45/+45] for the straight fiber orientation angles and [+au#cut
cu/-cu/+cutcu/+cu] for the curvilinear fiber orientation angles,
respectively.

------- 20 mm Straight

1200000
—¢— 20 mm Curvilinear

1000000 - = &= 40 mm Straight

~

C\l 800000 - —m— 40 mm Curvilinear
~

= 600000
) —

~400000

>
o) 200000

0 0.01 0.02 0.03 0.04

gyy

Figure 7. An axial vertical strengths for eight plies straight fiber and
curvilinear fber paths composite laminates with 20 and 40 mm center
holes.
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Figure 8 illustrategaséunctioamthal vert:i

axial vertical straing, of 200x200 mm eight plies composite
laminates with 20 mm center hole of [+483/+45/45/-45/+245/-
45/+45] straight and [+cwgu/+cukcul-cu/+cutcu/+cu] five
degrees of curvilinear fiber paths (Figure 9) respectively.

—+— Straight
««««@-++ Curvilinear degree 1
2500000 - —=— Curvilinear degree 2
—— Curvilinear degree 3
= @ = Curvilinear degree 4
N
c 2000000 -
~—~
=z
N
> 1500000 -
>
o]
1000000 -
500000 -
0 - T T T 1
0 0.01 0.02 0.03 0.04

gyy

Figure 8. An axial vertical strengths for eight plies straight fiber and
curvilinear fiber composite laminates of several degferurvilinear
fiber with 20 center holes
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Figure 9: Generated meshes from the modified Varifab matlab code with
five degrees of curvilinear fiber path (a) degree 1, (b) degree 2, (c)
degree 3, (d) degree 4 and (e) degree 5

Increasing of the axial vertical strengths as the axial vertical strain
increased is the obvious indication that can be seen clearly from
Figure 7 and Figure 8 for all the cases illustrated. However,
curvilinear fiber paths composite laminate with 20 mmteehole
shows higher axial vertical strength than its counterpart with
straight fiber paths. Moreover, curvilinear fiber paths composite
laminate with 40 mm center hole shows higher axial vertical
strength than its counterpart with straight fiber pa@s.the other
hand, curvilinear fiber paths composite laminate with 20 mm
center hole shows higher axial vertical strength than curvilinear
fiber paths composite laminate with 40 mm center hole. This can
be attributed to the fact that the longer circumfeeesthe more
stress concentration taken place.
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Figure 8 also shows identical indication of Figure 7 which
increasing of the axial vertical strength as the axial vertical strain
increased. Curvilinear fiber path composite laminates with
different digress omaximum curvilinear angles show higher axial
vertical strength than composite laminate with straight fiber path.
Curvilinear fiber path composite laminate with degree 5
curvilinear fiber path shows the highest axial vertical strength
while that with degee 1 curvilinear fiber path shows the lowest.
The indication increase of the axial vertical strength of the
curvilinear fiber path composite laminate demonstrate gradual
increase from degree 1 to degree 2 curvilinear fiber path then
jumping from degree 2otdegree 3 then gradual increase again
from degree 3 to degree 4. This jump in between degree 2 to
degree 3 is unexplainable in anticipation of at this instant which
will be explored in future work.

Moreover, stress concentration is a undesirable chasiittein
structures in general due to it is a major cause of weakening and
failure. Figure 10 shows relationship between stress around the 20

mm center hole ., and the axial vertical strain of composite
laminates with straight and curvilinear fiber pafive degrees of

curvilinear intensity. As expected a drop, of, as the degree of
curvilinear fiber path increased (see Figure 9). The composite
laminate with straight fiber paths shows the highest stress around
the hole, hence the stress decreased afide as the degree of the
curvilinear fiber paths increased from 1 to 5 respectively as can be
seen obviously from Figure 10. This give good impression and
promotion about curvilinear fiber technique in terms of structural
performance improvement.
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Figurel10. Stress concentration around the 20 mm center hole of the
straight and curvilinear fiber path composite laminate

The profile contour plot of Hashin's matrix tension damage
criterion of the straight and curvilinear fiber paths composite
laminates wih 20 mm centre hole illustrated in Figure 11. The
clear trend of those contour plots in Figure 11 is that, curvilinear
fiber paths composite laminate is the key factor of decreasing
damage initiation and propagation as can be seen clearly as the
degree ofcurvilinear increased the initiation of matrix damage
decreased (see Figure 11). The most significant damage initiation
is in composite laminate with straight fiber path (see Figure 11 a).
The less damage initiation is in composite laminate with degree 5
curvilinear fiber paths (see Figure 11 f).
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(d) (€) (f)

Figure 11. Hahin's matrix tension criterion damage of straight (a) and
curvilinear fiber paths @) of curvilinear fiber paths intensity from (1
degree to 5 degree) composite laminates with 20 mm center hole.
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4. Conclusion:

Biaxial curvilinear fiber paths were produced using a simple
method (Sheared fabric method). Extended work need to be carried
out for different case studies of curvilinear fiber paths on this
sheared fabric method, hence to be automated or partly automated
method. Regenerating the curvilinear fiber paths that existed in the
sheared engineering fabric in numerical mesh created by the
modified Varifab code. Mapping the curvilinear fiber paths into
finite element mesh with desired mesh density was conducted
suwccessfully using DDConvertor code. Finally, curvilinear fiber
path composite laminates show significant improvement in
structural performance when comparing to straight fiber composite
laminates in terms of strength enhancement and damage reduction
aroundthe cutouts.
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Abstract

the field of computer networks is one of the most importagdsar

of the development of a large and accelerating in the field of
technology Information. No one is aware of the extent of the large
services contributed by the computer networks in several fields of
science, business, economic and medical. For example, b
computer networks became Financial, commercial, buying and
selling transactions between companies, banks and various
factories are made in a smooth, fast and flexible manner with the
least time, effort and cost.. In this paper, we discussed one of the
mast important topics related to the design of computer networks,
which is the development of PPDIOO methodology[1], which is
used in the design of the computer network to be compatible with
projects of a technical nature, in other words projects that need
practical application and actual implementation on the ground. As
this methodology did not care about the practical aspect and all its
focus on the theoretical side.

So, have added important points to each stage of the methodology
from the first phase (prepe), the final to the last phase (Optimize)

in addition to, identifying the programs and tools used at each
stage of the methodology to cover all aspects of the project of a
technical nature. In order to ensure the feasibility of this
development and inmpvement on this methodology, we conducted

a questionnaire within the Higher Institute of Computer
Technology in Benghazi. The students of the graduation projects
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and the teachers within the Networks Department included the fall
of 2017 and Spring 2018, whused the methodology after the
process of improvement and development in their graduation
projects. Where the results of the questionnaire were more than
wonderful, the most important of which is that the modified
methodology saves time and effort in qaeting graduation
projects.

1- Introduction

There is a big gap between the methodologies that focus on
design computer networks and the great development in this field,
where noting the lack of these methodologies compared to the rest
of the methodimgies of other fields of information. For this
reason, we focus on this paper on methodologies that called
PPDIOO from Cisco company that use in design computer
networks for small, medium and large technical projects, where
this methodology has many aages like flexibility, accuracy
and comprehensiveness in the design of various technical projects.
This paper will help a large number of network engineers to design
technical projects that can be expanded and developed in the
future. Also, This paper W help students of network department
for design final projects for graduation.

2- Problem statement

The main problem that has been focused in this paper is
lacking of methodologies that used in design computer networks,
as well as the problems that faced each of computer network
designers and graduation projects students in the network
departmentsn finding a clear and integrated methodology for
building technical projects for computer networks that includes all
the stages of building a computer network, similar to the
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methodologies of software development such as waterfall Models
,UML ... etc.

3- Paper objects

1. Develop PPDIOO methodology to be compatible with
projects technical .

2. Add some important points at each stage of PPDIOO
methodology to become more appropriate in the design of
technical projects for computer networks.

3. Good definition of PPDIOO methodology for designing
computer networks.

4. Help network engineers in the design of computer networks
are highly efficient and can be continuously developed.

5. Help students of graduation projects in computer networks
department in design of theiragtuation projects.

4- The most important methodologies for the design computer
networks from Cisco company[1]

1- Prepare, Plan, Design, Implementing, Operate, Optimize
(PDIOO)

2- Intelligent Information Network (lIN).

3- ServiceOriented Network Architecture (SONA)
5- PPDIOO methodology

PPDIOO stands for Prepare, Plan, Design, Implement,
Operate, and Optimize. PPDIOO is a Cisco methodology that use
in design computer networks its defines the continuouscyitée
of services required for a computer networks[2]

As show in figure(1), the PPDIOO lifecycle phases are separate,
yet closely related.
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PPDIOO
Methodology

Fig .1. The PPDIOO lifecycle phases [2].

6- Benefits of PPDIOO methodology
The network lifecycle approach provides several key benefits
aside from keeping the design process organized. The main
documented reasons for applying a lifecycle approach to campus
design are as follows|[3]:

1- Lowering the total cost of network ownhbipg.

2- Decreasing project completion time.

3- Increasing network availability.

4- Improving business agility.

5- Speeding access to applications and services.

6- Help network engineers in the design of computer
networks are highly efficient and can be continuously
devebped
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7- PPDIOO Phases
Phases of PPDIOO methodology:are

7.1- Prepare Phase

It is a phase in which the actual preparation of the project in
where collecting information ,interviewing with stockholders,
study documents, understanding of the system, identify the main
problems, identify objectives of the project, and identife
technology that will be used in the project[4]. Also, in this phase
Involves establishing the organizational requirements, developing
a network strategy, and proposing a higel conceptual. The
prepare phase can establish a financial justificatennetwork
strategy by assessing the business case for the proposed
architecture

The most important points of this phase:

1- Introduction about the project

2- The methodology that will used in design the project.

3- Brief introduction about the origination.

4- Organizational structure inside the origination

5- The current status of the computer network in the
origination.

6- Problems in the origination.

7- Project objectives

8- The technique used to solve the problems of the
origination

9- Types of technology used

10- Characteristics of the technology used.
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7.2- Plan Phase

After the completion of the preparation stage and good
understanding of the system comes the stage of planning, which is
one of the most important stages, where the requirements are
identified and all the main elements (hardware, software), and thus
solve all the problems and achieve the desired goals, where
involves identifying initial network requirements based on goals,
facilities, user needs, and so on[5].

The most important points of thphase:

1- Determine the hardware requirements

2- Determine the software requirements.

3- Determine the number of devices to be used in the project

4- |dentify the main services and roles of the system

5- Identify users who benefit from the system

6- Determining thetime required for each stage of stages of
the project.

7- Determining the duration of the entire project

8- Determine the approximate cost of the entire project
(people, software, hardware

7.3- Design Phase

The network is built or additional compongntare
incorporated according to the design specifications, with the goal
of integrating devices without disrupting the existing network or
creating points of vulnerability[5].

At this stage, we design the current network within the
organization as ®ll as the network that is expected to be created.
The network is illustrated with pictures and maps, or through real
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images from inside the organization. The hierarchical network
models are used in this stage as shown in Figure 2.

Core Layer

Distribution Layer

Access Layer

Fig .2. The hierarchiad network models|[3].

Also in the design stage we use some softwares that help
to design the various topologies of the network, and the most
famous of these software: Microsoft Visio software.

This program is one of Microsoft Windows Office
programs. This program is used to create graphs and charts,
and to add different shapes. The program provides a wide
range of shapes that are organized in panels. These shapes
represent imaginary elements and elements in the real world
such as network Furnire, walls, doors and other items.

The most important points of this phase:

1- Software that has been used in the design and drawing
process.
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2- Figures that illustrate the current status of the network
If there are computers, switches, routes, firisferable to use
Hierarchical Network Models

3- Figures illustrate the proposed status of the network
If computers, switches, routers prefer to use (Hierarchical
Network Models).

4- Maps show the locations of all elements of the network
within the institution
5- Maps show how to link buildings with each other.
7.4- Implement phase

In which the actual application of the technology used and the
necessary preparations for the devices and application of the
practical aspect of the project[5], The networkudtior additional
components are incorporated according to the design
specifications, with the goal of integrating devices without
disrupting the existing network or creating points of vulnerability.

Note, you can use Various simulation software's sucRaaket
Tracer, Vmwae, ESXI, GNS3, with real hardware's within the
network.

The most important points of this phase:

1- Configuration of hardware (routers, switches, servers , firewalls
é .etc).

2- Configuration of software (operating system, software's,
programs , firewalls é.etc).
3- Activation of various services that meet the needs of the

customer.

4- Definition of simulation software if used in the project.
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7.5- Operate phase

Operation is the final test of the appropriateness of the design.
The operational phase involves maintaining network health
through dayto-day operations, including maintaining high
availability and reducing expenses. The fault detection, correction
and performance monitoring that occur in daily operations provide
the initial data for the optimization phase

Reactive fault detection and correction (troubleshooting) is
needed when proactive management cannot predict and mitigate
failures. Youcan use one of the following program in this phase

7.5.1- Wireshark software

Wireshark is a network packet analyzer. A network packet
analyzer will try to capture network packets and tries to display
that packet data as detailed as possible

You could thnk of a network packet analyzer as a measuring
device used to examine whatodos going
just like a voltmeter is used by an electrician to examine .

In the past, such tools were either very expensive, proprietary, or
both. However, vith the advent of Wireshark, all that has changed

Wireshark is perhaps one of the best open source packet analyzers
available todayAs seen in figure.36].

7.5.1-PRTG network monitor software

PRTG Network Monitor is an epremise and cloutasel
network monitoring solution. It caters to businesses of all sizes
across multiple industry verticals and is compatible with Windows
7 or later. Primary features include network monitoring, bandwidth
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monitoring, alerts, data publishing, customization suppand
reporting.

test.pcap - Wireshark
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Frame 36 (60 bytes on wire, 60 bytes captured)
Ethernet II, Src: Metgear_2d:P5:9a (00:09:5b:2d:75:9a), Dst: 192.168.0.2 (00:0b:5d:20:cd:02)
Internet Protocol, Src: 192.168.0.1 (192.168.0.1), Dst: 192.168.0.2 (192.168.0.2)
= Transmission Control Protocol, Src Port: http (803, Dst Port: 3197 (3197), Seq: 20, Ack: 190, Len: O

Source port: http (803

Destination port: 3197 ({3197)

Sequence number: 20 {relative sequence number)

edgement number: 1350 {relatiwve ack number)
1 20 bytes

foDC 00 Ob 5d 20 cd 02 00 0% Sh 2d 75 9a 08 00 45 00
0010 00 28 OO 84 00 00 40 06 8 f8 ol a8 00 01 cC a8
o200 00 02 00 50 Oc 7d 00 00 68 14 ESEEEEECEE]D 50 11
pO30 Oc 00 93 ca OO 00 OO0 0D OO 00 OO0 OO

Iﬂcknﬂwledgement number (tep.ack), 4 bytes |P: 1200: 120M: O

Fig .3. Wireshark software [6].

PRTG Network Monitor helps users to monitor devices, network
traffic and applications on the infrastructure. It helps
administrators and technical staff to monitor network outages,
analyze network conngons, monitor network quality and comply
with service level agreements

IT administrators to monitor uptime and downtime for an
individual device or for an entire network using a single console. A
customizable dashboard displays s@ae network performance
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and status information for all devices. Administrators can
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Fig .4. PRTG network monitor software[7].

7.5.2- Opnet (riverbed) software

OPNET is now part of Riverbed. OPNET Technologies,
including network simulators, build upon Riverbed's strong
heritage of delivering industigading solutions to drive
application and network performance management
capabilities.Also became the mastportant software for suite of
protocols and technologies to design, model, and analyze
communication networks [8].
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Fig .5. Opnet (riverbed) software

The most important points of this phase:

1- The actual operation of the computer network in the
organkation

2- Ensure that all the hardware and software work correctly

3- Make backup of the hardware and software.

4- Give some information about the program used to monitor and
give the results of the netwaork

5- Monitoring of network performance

6- Analysis of results

7.6-Optimize phase

This stage is especially important to make improvements to
the network in order to increase the performance and keep pace
with the continuous development in the world of information
technology until the network becomes vdtid long periods.
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Involves proactive management of the network. The goal of
proactive management is to identify and resolve issues before they
affect the organization. In the PPDIOO process, the optimization
phase can prompt a network redesign ib tmmany network
problems and errors arise, if performance does not meet
expectations, or if new applications are identified to support
organizational and technical requirements

The most important points of this phase:

1- Determine future work.
2- Proposingperiodic improvements to the network
3- Recommendations.
4- Conclusions.
8- Data collection

In order to determine whether this methodology is effective
and quality, some personal interviews and a series of
guestionnaires were conducted for 70 students avfdgsors who
are involved in the design of computer networks. We asked twenty
questions regarding the methodology and the most important
stages, characteristics and disadvantages.

After the process of data collection, analysis and study, the
resuls of the ten most important questions in the questionnaire
were presented by means of charts showing the results of each
question and the percentage of students' satisfaction in the
percentage. The questions were as follows:
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Q1- Is the methodology used Flexible and easy to use?

as [
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i , , Ls

Very Low Low Sort of High Very High

Fig .6. result of Q1

The figures 6 on the charts indicate the percentage of
responses in the questionnaire taken from about 70 people, where
20% were very high satisfied, 45% were high satisfied, 30% sort
of , 5% low and 0% very low.

Q2- Is the methodology comprehensive for all parts of the
project?

47.5
22+5- |
17.5 - 20
+ A4S
7.5 + 10
s
— [ ] [ 3
v . v . - o

Very Low Low Sort of High Very High

Fig .7. result of Q2
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The figures 7 on the charts indicate the percentage of
responses in the questionnaire taken from 70 people, where 17.5
% were very high satisfied, 47.5% were satisfied the, 22.5 %, sort
of, 7.5% low and 5% very low.

Q3- Is the methodology reduce the time needed to complete the
project?

35

75 + 10

25 )

. _ _ Lo

Very Low Low Sort of High Very High

Fig .8. result of Q3

The figures 8 on the charts indicate the percentage of
responses in the questionnaire taken 70 people, where 27.5 %
were very high satisfied, 35% were high satisfied, 27.5.5 % sort of
and about 7.5% low and 2.5% very low.

Q4- Is there any difficulty in applying methodology to large
projects?
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Fig 9. result of Q4

The figures9 on the charts indicate the percentage of
responses in the questionnaire taken from 70 people, whefé 15
were very high satisfied, 7.5% were high satisfied the, 27.5 %, sort
of, 27.5% low and 22.5% very low.

Q5- How satisfied are you with the sequence of methodology

40

325 r-35

10 10 '
7.5 .
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Fig .1 Oresult of Q5
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The figures1 Oon the charts indicate the percentage of
respamses in the questionnaire taken from 70 people, where 32.5
% were very high satisfied, 40% were high satisfied the, 10 %, sort
of, 7.5% low and 10% very low.

9- Conclusion

After collecting information about 70 students and professors
then analyzingtiwithout any this methodology, which has been
employed in the design of projects for computer networks, is
highly efficient and has a great ability to accomplish various
technical projects. It also helps to save a lot of time and effort to
complete the diierent projects. Therefore, this methodology will
be the sound basis that will be built on the various projects of
computer networks, and this is what has been noted during the
adoption of this methodology within the network section of the
Higher Institue of Computer TechnologyBenghazi.
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Climate in the Tripoli area and its Effect on corrosion
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ABSTRACT

Il tos well Known that concrete
of the reinforcement against corrosion , which is very significant in
Construction. several corrosion conditions were observed in
structures at Tripoli area . Tripoli tap water are using Bken
concrete mixture[1,2]

Tripoli tap water , sea water and local aggregate and
Reinforced concrete specimens were prepared with different water
to cement ratios as well as with different concrete covers .

Specimens ( cubes ar‘miaams) have exposed to outdoor (Av.

Relative humidity 50% ) and climatic chamber (Av. Relative
humidity 85% ) environment .

Electrochemical behavior of the specimens was monitoring
for two years for both environmen{8] Results have showed that.
Water cemen ratio and concrete cover have a significant effect on
corrosion rate for specimens mixed with Tripoli tap water and sea
water for both exposure conditions .
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Concrete coveli passivationi chlorids corrosion reinforced
concrete

Introduction

Concrete has been used from many hundreds of years and will
continue, because theigeno cheaper alternative, and the ability of
concrete to withstand the damaging effects of environmental
factors [1,2,3]

The physical life time of reinforcing concrete buildings is mainly
[2,4,5]

1) Determined by the possibility of corrosion reinforcerne
In reinforced concrete structures, steel embedded has been
protected by two respects. First the concrete cover provides a
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mechanical barrier to the movement of water and oxygen
necessary to corrosion. The effective of this barrier depending
on theconcrete quality.

2) The second is passivation of the embedded steel by
concrete, which means that an iron oxide film rapidly forms on
the surface of embedded steel, this film arising from the
presence of moisture , oxygen and watsoluble alkaline
prodicts of cement hydration .

3) The protection of embedded steel reduced or lost, when the
alkaline environment destroyed or cracks of concrete permit
the destroyed materials reach to surface of embedded steel.

4) Corrosion of reinforcement may occur in higtkaline.
Differences in electr@ahemical potential within the steel
concrete system due to use of mixing water of high salt
concentration, unequal compaction, segregation, bleeding and
local variation in permeability of concrete.

This problem is evidercalong the Libyan Sea side, especially
in Tripoli. In spite of increasing chloride ion concentration in
the tap water, the use of this water increasing in construction,
which exacerbate the problem, whereas the chlorides are the
mean distractive materiab passivation even in high alkaline
environment.

The objective of this paper is to study the effect of concrete
cover, local water with different salt concentration and
different watercement ratios on the electrochemical behavior
and corrosion rate of ilforcement at different environment.
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It is summarized by the follow chart

Testing program
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Discussion of test results

Results of the embedded steel bars for all specimens are ranged
from (-700mv to-350mv) that indicate more than 9Q8fobability
corrosion may occur in steel reinforcement.

All experimental results have similar trends in the relationship
between potential and time. Fig (2), fig (3), fig (4) they also
present the behavior of steel to gain its passivity with respect to
time and potentials increase with time till 150 days then it
decrease. After 210 days potential of the specimens reach to
greater than 200mv except some samples ranged-g08mv to-
350mv.

The samples mixed with water to cement ratio 0.45 reach passivity
region faster than the other samples, and the effect of concrete
cover on the potential readings is same after 330 days and the steel
of all samples having results greater th2@0Omv, which indicates

less than 10% probability of corrosion can be occurs Tact is
evident and clearly noted for all samples of different water to
cement ratio and concrete cover.

Graphs G1, G2 and G3 in fig (5) represent a sample relationship
between corrosion rate and concrete cover with different water to
cement ratio. All esults have similar trends in the relationships.

With comparison of the graphs G1, G2 and G3 its evident that the
reinforcement embedded in concrete mixed with 0.45 water to
cement ratio have the lowest corrosion rate than the specimen
mixed with 0.6 and @5 water to cement ratio.

The attack was associated to the specimen mixed with 0.45 and
0.60 w/c ratios, where pitting corrosion was evident in specimen
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mixed with 0.75 wi/c ratio. Rust formation was in dark brown color
for both pitting and uniform attack

WIC=0.60

=25 mm

500 ,\
\
400 ‘\,"

== 45 mm

w—fr= 65 mm

0 50 100 150 200 250 300

FIG(2) Electrode potential of embedded bars mixed with T.T.W Exposed
to O.D.E (W/C 0.60)

500

WI/C=0.45

=—g==55 mm

==45 mm
200

=25 mm
100

0o

T T T T T T T T 1
0 30 60 S0 120 150 180 210 240 270

FIG(3) Electrode potential of embedded bars mixed with S.W Exposed
to O.D.E (W/C 0.45)
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Conclusion
From the study, discussion of test results it is conclusion the
following:

1. The possibility of corrosion increases with w/c ratio for
specim@s exposed to climatic chamber environment and
mixed with Tripoli tap water. Whereas, plain bars show less
than 10% possibility of corrosion for wateement ratio less
than 0.6.

2. Concrete cover and water to cement ratio have no effect on
the corrosion ratdor the specimen mixed with Tripoli tap
water and exposed to outdoor environment.

3. Corrosion rate increases with w/c ratio, for specimens mixed
with Tripoli tap water and exposed to climatic chamber
environment, and their effects was less than 50% fahfre
water compared to Tripoli tap water.
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ABSTRACT

Mobile phones are grown rabidly and widely used by hundreds of
millions of users over radio links; with a radio link anyone with a
receiver is able to passively monitor the radio link airwaves. The
GSM network with the greatest worldwide number of users
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exposes to several security vulnerabilities. Security is the main and
intelligent issue for both users and service providers in the GSM
network.

Hence, GSM security is needed to provide the user of a network
with anonymity and privacy when making a call dacensure that

the network operator bills the correct customer and to make sure
that the operators don't interfere with each other either
unintentionally or intentionally.

Therefore it is highly important that reasonable technologically
security measure ameeded to be done to ensure the privacy of the
user's phone calls, text messages and data, and to prevent
unauthorized user to use of the service

Many algorithms are used for making the GSM secugeAdand

Ag are the main algorithms used for ghsecurity in mobile
networks. Algorithm A is used for authenticatior\s is used for
encryption, and Ais used for the generation of a cipher K&y.

The paper points out that the security level in GSM system can be
enriched by improving the schemef Aj; algorithm. Proposed
scheme is implemented at some level and analyzed thoroughly to
show that the proposed scheme provides better security in the
GSM network.The proposed\; algorithm is simulated by using
MATLAB Software.

In this paper, encryptiors presented in the Authentication phase
during the A algorithm.

KEYWORDS Aj; Algorithm. GSM, Home Location Register
(HLR), Security, Signed Response (SRES), Visitor Location
Register (VLR).
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INTRODUCTION

GSM (Global system for Mobile communicatiois)an extremely
successful technology and bearer for mobile communication
system for second generation cellular technology. It offers
digitized voice and covers over 71% of the digital wireless market
[1]. Hence it has become the most successful digitabileo
communication system in the world. It is used in more than 190
country by over hundreds millions of people. The ubiquitous
infrastructure, while dramatically increasing the functionality
levels has posed significant security concerns on cellular enobil
networks [2][7]. However the providing the mobile
communication services pose serious security threats to sensitive
information. The security solutions in the mobile communications
generally rely on the cryptographic techniques [3]. But anyone
who can gt hold of a radio receiver can access GSM signal or data
[4]. Hence as the growth of cryptographic attacks has increased,
there is a need for advanced security solutions especially in mobile
communications [5]. Therefore, it is necessary that the
communi@tion over wireless links to be secured. The first step in
the GSM security is the authentication of a valid user for the SIM
(Subscriber Identity Module) which stores all users' specific data
that is relevant to GSM. The user need PIN (Personal Identity
Number) to access SIM. The second step is the subscriber
authentication; this step is based on the challenge response
scheme. Last steps are encryption and ciphering key generation.

This paper deals specifically with authentication which is the first
step & the security in the GSM network. The authentication is
done to ensure that the user is really authorized to access the
network. The authentication involves two functional entities: The
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SIM card in the mobile phone and the Authentication Center
(AuC) [1]. GSM employs A algorithm for authentication of the
service user. Algorithm Ais located on the SIM and AuC and can
be proprietary. This algorithm is not very strong but is susceptible
to danger.

In this paper an improved version og Algorithm is proposed to
increase the level of the security offered by the GSM standard. The
basic idea to improve the security is done by including the
encryption during the authentication process. The generated signed
response (SRES) as the result gfafgorithm is encrypted on the
SIM or in Mobile Station (MS) and decrypted at Mobile Switching
Center (MSC). Then, if the SRES generated at the MSC is same as
the SRES generated at the MS and encrypted by the MSC, the user
is authenticated. The proposedy@ithm is simulated by Mkab
Software. The paper is organized as follows: Section2 introduces a
brief introduction to the A algorithm. Section3 describes the
proposed version of thesAsecurity algorithm. Finally, Section4
introduces the conclusion anecommendation of the paper.

ALGORITHM A;

The A3 is the authentication algorithm is used in the GSM security
model. Before a subscriber can use any service provided by GSM
network, he/she must be authenticated [4].

The authentication is based on the SIMhich stores the
Authentication Key (K, the International Mobile Subscriber
Identity (IMSI) and the algorithm A which used for
authentication. Its function is to generate the SRES response to the
MSC's random challenge, RAND, which the MSC has received
from the HLR.
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The A3 algorithm gets the RAND from the MSC and the secret
key Ki from the SIM (Subscriber Identity Module) as input and
generates a 128it output, which is the SRES response. Both the
RAND and the Ki secret are 128 bits long as showngriF

SRES (128-bit
__';3 _;

RAND (challengey—>]
Ki(128-bit) — 2

Figure.1: Inputs and output of Algorithmg A

The authentication uses a challemgsponse mechanism [1]. As
the MS signs into the network, the Access Control (AC) generates
a Random Number (RAND) as challenge and the SIM within MS
answers with theSRES as the response. The AuC generates the
random values of RAND, SRES and the Cipher Key).(Khese
information is forward to the Home Location Register (HLR). The
Visitor Location Register (VLR) requests the values of RAND,
SRES and Kfrom HLR [7]. The VLR sends the RAND value
generated to the SIM.

In both sides, the network and SIM the same operation is
performed between the 128 bit RAND and 128 hibiKusing A
algorithm. SRES of 128 bit is generated on both the sides. MS
sends the SRES generated by the SIM to VLR [1]. Both generated
SRES are compared in the VLR. If both generated SRES are equal,
the user is authenticated. If they are not equal, the call istedje

[1]. Fig.2, illustrates the authentication process by using algorithm
Az in both SIM card and mobile network.

PROPOSED ALGORITHM

The suggested algorithm for security improves the authentication
of the user who trying to communicate through the maqihlene.
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128bit RAND and 128bit K; are available at the both sides in
SIM and in the network. The signed response SRES is generated
by algorithm A as shown in Fig.2.

In the proposed algorithm 128t RAND is divided into 64bit
upper and 64it lower smilarly 128bit K; is divided to 64bit
upper and 64it lower as shown in Fig.3, the upper 64 bits of the
RAND are XORed with lowered 64 bits ofi K produce LHS 64
bits. Similarly, the lower 64 bits of RAND are XORed with the
upper 64 bits of Kto praduce RHS bits.

Mobil e Network Mobile Phone
AC RAN ST™M

B RAND T RAND i

T

| | L

‘35.3 4%3
N |
SRES
W
: MSC
Eeject
SRES £ SRES” 1, SRES*

SRES = SRES” J‘

l

Suthenticated

Figure 2: Authentication Process
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The LHS and RHS bits are XORed to produce 64 bit number then
the 64bit is divided to the upper 3dit and 32-bit lowered and
are XORed with the lower 32vit to form a 32 bit SRES.

In this proposal algorithm the SRES generated by the network is
encrypted in the AC by usingsAlgorithm. The encrypted SRES
goes to MSC which decrypts it and compares it with the SRES that
generated by the SIM as presented in the flow chart shown in
Fig.4.

1
ERAND ‘ 64 bits (Left) ‘ ‘ 64 bits (Right)
H | ]

— |
v

EH LHS XORED 64 bit ‘

n I

é§—> 32 bits (Left) 32 bits (Right)

\ml
> <

RES/SRES
RHS XORED 64 bit <—€9

1K 64 bits (Left) | | 64 bits (Right) |

am - - - =l

A 4

Figure 3: SRES Generated by Proposed Algorithm A
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Figure 4:Flow Chart of Proposed Algorithm;A
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CONCLUSION

The algorithm A that is being implemented currently in the GSM
network is not very strong. The paper presented a modified version
of the authentication algorithmzAised in GSM network.

The modification has been done by the addition of encryption
during the authenticath process to improve the security of the
system so that only the authenticated users can be access the GSM
network. The modified algorithm is simulated by Matlab Software

in which 10 users with their corresponding IMSI, RAND and k
are used for authecttion in both SIM and the network.

The security analysis shows that the addition of the encryption in
the authentication phase throughs Algorithm increases the
security in the GSM network as shown in the (Appendix) Fig.5.
Hence enhancing of the seayrialgorithms is very much
necessary for the privacy and the protection of data over the air
link.

For the future work, further studies can be done @noA Ag
algorithms to increase the security of data in GSM network.
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Appendix

%%c T e W BIsHkE y
clearall;
for i=1:10;
HKI(i,:)=randi([0,1],1,128);
HIMSI(i,:)=randi([0,9],1,15);
end
%W UF T2 IIM 9Yf XfFy 3} OF
sub=randi([1,10],1,1);
SIMSI=HIMSI(sub;,:)
SKI=HKI(sub,:)
%%X Y jagth@iication
f=menu(login using'registered IMS/'stolen IMSI;'random IMS])
if f==2;
SKl=randi([0,1],1,128);
end
if f==3;
SKl=randi([0,1],1,128);

SIMSI=randi([0,9],1,15);
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end

%a FCPg BISR XUj 3 OF
BSIMSI=dec2bin(SIMSI)
BSIMSI=reshape(BSIMSI,60,1)
BSIMSI=str2num(BSIMSI)
M=comm.QPSKModulatoiitinput'true)
C=comm.AWGNChann€ekbNo;15)
D=comm.QPSKDemodulatog|tOutput,true)
MIMSI=step(M,BSIMSI)
scatterplot(MIMSI)
CIMSI=step(C,MIMSI)
RIMSI=step(D,CIMSI)
DIMSI=reshape(RIMSI,15,4)
DIMSI=num2str(DIMSI)
DIMSI=bin2dec(DIMSI)
DIMSI=DIMSI'
fori=1:10;

A=0;

if DIMSI==HIMSI(i,);
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A=1;

disp(e B X UNISS uGFY 307
%a F Cb3s BERB® XU4j 9 tOF
release(M);

release(D);
RAND=randi([0,1],1,128)
MRAND=step(M,RAND")
CRAND=step(C,MRAND)
RRAND=step(D,CRAND)
G=xor(RRAND',SKI)
SERS=G(1:32)

Kc=[G(75:128) 0000 00 0 0]
release(M);

release(D);
MSERS=step(M,SERS')
CSERS=step(C,MSERS)
DSERS=step(D,CSERS)
HG=xor(RAND,HKI(i,:))

HSERS=HG(1:32)
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HKc=[G(75:128) 0000 00 0 0]
AUC=isequal(DSERS',HSERS)
if AUC==1
disp(e B X 'SERSIOFY & B
else
disp(XYj 9 FOF) wy Ar K 21 T
end
break
end
end
if A~=1;
disp(X4Yj g IOF\IMSy FAm KA P T Ty O
End
- X
login using
registered IMSI

stolen IMSI

random IMSI]
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Figure 5: Software Widows

B Figure 1: Scatter Plot — [m] x

File Edit View Inset Tools Desktop Window Help

DEads | RAVBDEL- 2 |0E =D

~

Scatter plot

06

04

02

Quadrature
(=}

02

-04

-0.6

-0.6 04 02 0 0.2 04 0.6
In-Phase

Figure 6: Quadrature Phase the User IMIS is registered in the
network
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'Successful SRES Authentication'
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Abstract

In common practice usually used the classical stirred tank
bioreactors STR types.

The paper introduces another bioreactor type as airleft bioreactor
ALR which besides good energy characteristics have also
appropriate process properties Bsitrred tank bioreactor STR
arrangements are extremely exacting as far as energy
consumption.. Comparisons given on Fig 3.

Key words: Bioreactor, Loop bioreactor, Mixer, Power for
mixing, , Overall volume transfer
Coefficient K.a

1. Introduction
For biochemical conversion of various substrates into
useful matters, e.g. biomass, products and in environmental
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technologies for clean water receiving. Sizes of the bioreactors
may vary from several Lup to hundreds fn Becauseevery
biochemicalprocess also for effective mixing of the given content,
it is necessary to respect at the bioreactor design first of all the
energy aspects. As the power for the mixing in turbulent region is
expressed by.

1- for the bioreactor wittmechanical mixing
P, =Por n®d> 1)

2- for the bioreactor with pneumatic mixing
Pe =1 9QH 2)

The bioreactor types are illustrated in Fig.1

- Classical stirred tank bioreactor STR
- Airleft bioreactor ALR

Several types arrangement of the airlift reactors are in the use.
Their distinguishing

feature compared with the bubble column is that patterns of liquid
flow are clearly defined due to the physical separation of up
flowing and dowrflowing streams.

In external or outetoop airlift of Fig. (2c), separate vertical tubes
are connected by short horizontal sections at the top and bottom.
Because the riser and downcomer are further apart in the external
loop vessels, gas disengagement is more effective thatemat

loop devices. Fewer bubbles are carried into the downcomer, the
density difference between fluids in the riser and downcomer is
greater, and circulation of liquid in the vessel is faster. So, mixing
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is usually better in the externlmlop than inthe internalloop
reactors.

GTT
4

,.
[=5]
s

CLR

PLR

Fig. 1 loop bioreactors [1]

They constantly persist in their meaning that Rushton turbine
fulfils all mixing demands sufficiently. Here it is necessary to
introduce Po numbers for the various mixer types.

Fig 2 in the turbulent region;

The Rushton turbine Po =5, 6 and the mixer with three inclined
blades Po =1, 2

And also the propeller mixer Po =0, 3

The power for the mixing is much more influenced by revolution
frequency and first of all by the mixdiameter. Therefore it is not
reasonable to utilize the vessels with large diameters because to
receive an effective degree of mixing asks for high energy input a
good solution represent loop bioreactors which are introduced in
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Fig. 1. These effective digns can be utlized in many
biotechnological processes, e. g. in production of acids as citric
acid, baker yeast and also in aerobic waste water treatment, etc.

R

Rushton turbine mixer with three propeller mixer
inclined blades

Fig. 2 Mixers [1]

Despite all this good properties, their use is limited for lower
viscous contents up to 0,01 Pas.

In the opposite case an insufficient mixing of the content is
achieved which will result in low biomass or product yields,
respectively. More effective is jetloop bioreactor with
hydrodynamic principle of the mixing or compact loop bioreactor,
see Fig. 1. The last alternative is especially suitable for the aerobic
waste water treatment, Ref. [2]. A broad possibilities of utilization
affords the PLR type. Heiliéis necessary to realize that in the all
loop types an axial movement prevails.

2. Experimental results

For determination of operation effectiveness of the
individual bioreactors types the following relationships or
evaluations were proposed:
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1- overall volume oxygen transfer coefficients & versus
specific energy consumptiong/N . obtained in simulated
conditions

2- The amount of oxygen transfer r&@dR divided by RB/V_

OTR
F)G
VL
The overall oxygen trafer coefficient Ka versus BV,

3- For the real fermentation conditiois=

4

Fig. 3 Relationships given in item 1, for ALR and PLR types,
respectively. One can see that the airlift is very effective
equipment but its operation range is limited.

0.06
= ALR
0.05 e PLR
0.04 -
", 0.03 .
mq
N4
0.02
0.01 4
0.00 . , . , : , :
0 400 800 1200 1600
PV, [W.m]

Fig. 3 Comparison betweahassical STR and airlift bioreactor
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3. Conclusions

From our results we came to the following conclusions:

bioreactors working in existing biochemical plants are
energetically exacting because of their obsolete
arrangement.

The loop bioreactors represeatprogressive way of the
mixing and they are very effective as far as the energy
consumption and the production yields.

Investment expenses due replacement of the STR types for
the loop ones will returned by belonging energy savings in
very short period.

Classical stirred tank bioreactor STR type has high energy
consumption influenced by:

Po number reflecting a mixer shape and a geometrical
configuration of the bioreactor used

The airlift configuration has:

- low energy demands

- relatively sinple construction

- appropriate transfer characteristics

- milst and considerate treatment with biomass.
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List of symbols

dm - mixer diameter

[m]
g - gravity acceleration
[m.s?]
H - height
[m]
K a- overallvolume oxygen transfer coefficient
[s]
n - revolution frequency
[s”]
P - power
W]
Po - power number
[-]
Q - airflow rate
[m3.sY]
V. -volume
[m]
}  -density
[kg.m’]
PH = power needefir a pump operation for the bioreactor
G -gas
L -liquid

Abbreviations:

STR - stirred tank reactor
ALR - airlift loop reactor
PLR - propeller loop reactor
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Abstract

The welding ability of cast iron is a complex issue for many
engineers and welders due to the inherited characteristics of gray
cast iron such as the fragility and thermal properties resulting from
the high percentage of carbon. This study is an attempt to conduct
a critical theoretical investigation of published studies on the
potential of gray cast iron for welding and to finddadetermine

the main factors affecting the quality of welding. The scientific
survey of published researches shows the failure to determine the
comprehensive vision of the factors affecting the welding process,
which led to a conflict in the results ofethstudies and form a
vague image to the engineers and specialists on the results of
studies and who are interested in this type of studies. In this study,
these factors were identified as follows (the welding process
procedure, the metallurgical factor,ettheat treatment, and the
feeding wires). These factors have been highlighted to determine
the importance of each factor and their overlap with each other and
their impact on some of them. The study was presented as a
reference manual for researchers, pagrs and technicians to be
guided before starting the welding process or in case of failure and
collapse of the final welding product.

Key Words: Gray Cast Iron, Weldability, Weldability Factors.

Introduction

Cast iron is an alloy of iron, with high content of silicon and
carbon. The carbon content ranges from 2.4 to 5%. The solubility
of carbon in iron is less than 1.75% which means when the metal
solidifies the excess amount of carbon separates out and forms
graphite dispersed in the cast iron. The shape of this graphite has
considerable effect on the mechanical properties and weldability.
(Davis, 1996)
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The weldability of cast iron types ranges from weldable grade such
as ductile cast iron to unweldable such white cast iron. The
main factor that determines the weldability of cast iron is the
carbon form. For instance, the carbon in white cast iron forms
carbide which is very brittle and unweldable. If the carbon is
liberated and given enough time (anneabn@70 C for 16 days),

it will segregate and form nodular graphite. This change of carbon
form transforms white cast iron into malleable cast iron with
different mechanical properties and also makes it weldable.
(Services, 2013).

Two main factors that aftt the amount of the free carbon which
separate during the solidification:

a) The time length of solidification. The slower cooling rate the
higher amount of free carbon separated from the ferrite matrix.

b) The amount of silicon, silicon drives out tharloon into
graphite.

The excess carbon is responsible for many of the desirable
properties of cast iron such as high fluidity, high damping capacity
on vibrations, low shrinkage, and machinability.

In addition to that, cast iron has relatively low maejtipoint
comparable to steel (1100 to 130D°Davis, 1996)Due to these
properties, cast iron found many applications in engineering fields.
For instance, engine blocks, heads, transmissions, water jackets,
manifolds, cargo lines, pump and valve housiragsd pipe
fittings... etc. But on other hand carbon is responsible for some
undesirable properties of cast iron such as brittleness, low thermal
expansion. These brittleness and low thermal expansion makes
cast iron susceptible to crack when subjected talldhermal
cycles such as the case of welding.

Gray Cast Iron

Gray cast iron is the most common of all classes of cast irons.
Approximately 90% of cast irons used are gray cast iron and this is
contributed to the production price as gray cast iron ishleapest
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type of all cast iron classes and also it has mechanical properties
that find wide range of applications. During fabrication process,
the molten in the mold solidifies at slow rate that is enough to
permit the carbon to segregates and forms degbon with flakes
shape as shown in figure (1). These graphite flakes enhance some
properties such as ready machinability, damping properties and
resistance to wear of cast iron.

Graphite flakes

Figure (1) Gray cast irofDavis, 1996)

Scope of the Study

Conducting critical theoretical study to the literature survey about
the weldability of gray cast iron and determine the main factors
that affect the quality of the welding and also the paper will
attempt to high light the agreed results of the previoudiest and
remove the contradicted reults which confuse the engineers or
anyone who is interested in such kind of studies.

Objective of the Study

Find and control the main factors that govern the quality of the
welding process in seek of improving processl increase the
productivity and decrease the total cost of the final product.
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1.4 Statement of the Problem

Many engineering materials such as automobile components and
pumps are made of gray cast iron and these components are prone
to fracture and crackwhen they are subjected to thermal cycles of
heating and cooling as the case of welding. Gray cast iron is too
brittle due to the high content of carbon (2.5%) in the form of
graphite flakes and easy to fracture when it subjected to thermal
cycles of heating and cooling as the case of welding. For that
reason, studying the weldability of cast iron is important in
manufacture and finding improved methods to improve the quality
of welding is highly recommended.

Weldability of Gray Cast Iron

Weldability of gray cast iron is considered poor due to many
factors. The metallurgy structure of gray cast iron is the
heterogeneous when it is subjected to hedtingoling cycles and

in presence of large amount of carbon and silicon. During cooling,
the excess ammt of carbon in the fusion zone and HAZ diffuses
into the austenite phase and form hard brittle phases (martensite),
carbides and graphite flakes. This combination of changes makes
gray cast iron difficult to weld.

Factors That Affect Weldability of Gray Cast Iron

1) Welding procedure (sample preparation, and welding
technique)

2) Metallurgical dimension

3) Pre heating /Post heat treatment

4) Filler metal
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1. Welding Procedure

1.1Sample Preparation Procedure

First clean off all oil, grease, rust and paint from the surface, using

a brush or by chemical means. Then remove casting skin to a

width of 20 mm on both sides of the edges to be welded. If the

damage is in the form of a crack in the material, it mayithieudt

to determine where the crack actually ends. The use of a crack

detector set to find the complete extent of the crack is absolutely
recommendedSharp corners and edges shou

wherever possible. Thi s mesl tniencggssar
of the base materi al i n these areas
edge rounding is omitted, hard spot
deposi t. Before any welding can be
removed, as it wi || ot heolwi aed becon
combine with the iron to form a sup
the wel d.

Searing

To further remove excess carbon embedded in the surface the
workpiece can be seared, using an-axgtylene torcfiame.

Groove Preparation
Those methods for reducing the effects of above problems were,

minimize base metal dilution, compensate for shrinkage stresses,
and the use of low strength filler metals to reduce cracking without
sacrificing overall joint strerg.

1.2 Weld Arc Techniques

A) Hot Welding Procedure:
The use of term hot is to differentiate it from cold technique. It is

worth to mention that one should be cautious when using the
parameters of the manufacturers as in this study many of the
voltage and current readings within the manufacture range gave
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bad results. Therefore in this study just the settings that gave good
results were further investigatg&ervices, 2013).

As mentioned above and to avoid any thermal shocks to the cast
iron the samples were pre heated slowly to ‘@5Qsing
oxyacetylene tah. The temperature of the sample was monitored
using thermometer pen during the welding process. The
temperature should also be monitored not to exceed G0fs
some of changes in microstructure of gray cast iron take place and
cause changes in the madical properties. In hot welding the
process is continues process on contrary to the cold welding as the
thermal shock is overcome by heating all the adjacent area. When
the welding is finished the sample should be cooled as slow as
possible to permit emgh time for the carbon to segregate and
form graphite. If the cooling rate is fast then the carbon will be
bound to the iron matrix forming iron carbide which is the case of
white cast iron(Admin, 2011) The white cast iron structure is
very harder tharthe adjacent area which will easily crack. This
kind of information should be taken into account if any one try to
weld cast iron otherwise will come out with bad result. A cheap
and practical way to slow down the cooling rate is by burying the
samples irthe hot sand over a grill and left for 24 hours.

Cold Welding
Cold welding is more common for repairing cast iron products as
many parts have complex shape which makes it difficult to be
welded by hot welding procedure. The cold term used to indicate
theminimum heat settings used to achieve the welding. To achieve
that, the current and the arc length should be kept as low as
possible (not on expense of the quality of the welding. The
following factors should be maintained under control in the whole
coldwelding process:

1 Amperage setting (When cold welding cast iron a low

Ampere setting should be used)

1 Polarity.
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1 Length of arc (the shortest practicable arc should be
1 maintained)

2 Metallurgical Factors
Figure (2) shows the base metal (BM) microstructure. It is simply
graphite flakes (dark lines) in a ferritic matrix.

When cast iron is melted in fusion zone (figure 3), the micro
structure of the cooled product is a function of cooling rate. If the
cooling rate is fast, the excess amount of carbon will form iron
carbides in martensitic phase and brittle ledeburitic dagand in
many cases will be similar that of white cast iron. This procedure
will produce product extremely hard and almost unwelddbtee
cooling rate is low the excess carbon will find enough time to
segregate and form graphite flakes in ferritiagd matrix. This
product can be welded with some cautions.
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Figure (3) FZ an austenitic matr{Rouranvari, 2008)

Fig (4) shows the partial melted zone (PMZ) which is the line
parallel to the fusion zone. In this zone, a portiorbase metal
matix is melted whilethe unmelted portion of the matrix is
completely transformed to austenite. In this region if the cooling
rate is fast, then the cast iron will form a network of hard brittle
region consisting mainly of carbide along the weld fusion. line
addition, the matrix surrounding the carbide will consist of laborite
and martensite especially when the carbon content is high.

VPMZI ] )
) Eutectic “
% | Ledeburit +

Figure (4) partial melting zone (Pouranvari, 2008)
HAZ lies above Al in FeC Phase diagram. In this zone ferrite
transforms into austenite in pearlite structure and some of the
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graphite dissolves. This transformation is a function of time. It
should be noticed that the rate of formation of austenitegisehin
pearlite than that in pure ferrite. The cooling rate in HAZ in
welding process is high and therefore the graphitization process of
carbon bonded amount of dispersed graphite particles with
disrupted and this zone will contain larger amount of F&&D
graphite and the austenite phase will transform into martensite and
that what explain the brittleness and excess hardness of this region.
To avoid that, the cooling rate must be maintained slower to
succeed the welding process.

= SRR

Figure (5) High amount of martensite with some graplittauranvari,
2008

3 Pre Heating -Post Heat Treatment Factor

The pre heating is important in welding and repairing cast iron as
the gray cast iron is brittle and thermal expansion factor is low any
heating and cooling cycles will lead to retain high amount of
residual stresses which will end with cracks and fractiréhe
weldment. Pre heating will allow the surrounding area around the
welding line to expand to ensure and prevent the stress from
forming into the sample.
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According to a previous studyPouranvari, 2008}the changes in
microstructure of FZ is negledteas the microstructure almost
remains unchanged. The effect of post heat treatment on
microstructure is clear on the HAZ and this can be attributed to the
dissolving ironcarbide Fe3C for slowing cooling rateas in
annealing casehe carbon will form rare graphite rather carbide

and also the martensite phase will change to austenite and cool
down into ferrite and pearlite. This dramatic change in amount of
carbon segregated and the martensite phase will lead to changes in
mechanical properties. For iastce the hardness naturally will
decrease as the pearlite and ferrite phase are softer than martensite
and also increase in graphite on expense of Fe3C will decrease
hardness and strength and improve the weldability and ductility.

Filler Metals

To optimise the result of the welding process of gray cast iron, use
the filler metals with low hydrogen to minimise the risk of
hydrogeni induced cracking. American welding society AWS has
designation for the amount of hydrogen the filler metals contain.
For instance, H4- which is common designatignindicates that

the weld metal deposit contains 4ml of hydrogen per 100g of
deposited weld metal.

It is worth to mention that improper storage of filler metal can
damage the welding process and lead to failure. ikgete filler
metals in their original package and in dry clean place and in
instructed storage temperature is very important to block hydrogen
and moisture from entering the prod@sintrolling moisture and
hydrogen in the welding process in conjunctiaith proper
preheating, are essential to quality assurance offered by the
manufacture of the filler metals of gray cast iron.
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Studies like(Pouranvari, 2008jliscuss the effect of using nickel
based alloys to weld grey cast iron in HAZ and PMZ areas and
found that using nickel for large extent prevented martensitic
phase and white cast iron structure from formation and
consequently improved the mechanical properties of welded gray
cast iron. Table (1) shows the result of the study showing the effect
of PWHT on the hardness of the grey cast iron.

Table (1) effect of using nickel and PWHT on the hardness
(Pouranvari, 2008)

FZ PMZ HAZ BM

Hardness Hardness Hardness Hardness
As-weld 190 620 580 180
After PWHT 180 250 210 180

Review of Literature Survey

There are many researches that focused on this area of welding
field applications but in different viewpoints. The disadvantage of
the literature survey about welding of cast iron is mainly that they
focus only on using Nickel based alloys. Most of thesmliss
focused on analysing the effect of process parameters (such as
Voltage and Amperage) of EniFeCl electrodes or the effect ef pre
heating or post heating using the same electrodes. Generally
speaking, the trend of published studies undertakes theadfype
electrodes and heat treatment dismissing the importance of other
alloys, techniques and samples preparations. This study takes
different direction where the investigation is mainly on using
different electrodes and different techniguésme studies wked

on wide scope and investigated many factors affecting the
weldability in one study and came out with important results such
as the study carried out bf{Bhatnagar, 2016)Ali Dametew
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investigated the effect of carbon flakes mixing with the weld pool
(Dametew, 2015). The scope of this study is very narrow but its
importance comes from that few researchers focus on this factor
which deteriorates the quality of welding even though considering
the other important factors. Some researchers interestedimg tak
the direction away and switched to improving the weldability of
cast iron and ended up with new material with excellent
combination of mechanical propertesMON & HI EREAN, 2015
Tadashi kasuya in his investigation concluded that the major factor
resnsible for deteriorating the mechanical properties and cold
cracking susceptibility is HAZ.(kasuya, 1995)In the same
context the study carried out by DevltgDevletian, 1978)which
focused on the effect of cooling rate and the carbon equivalent
value (CEV) on improving the quality of the welded product. The
study was published in 1978 which is very old and many of the
recent publishes followed the same path and come outthgth
same result and consequently lost some of the scientific value for
the researchers. On the other hand, many published studies
concentrated on what it called 066ca
equipment manufacturing companies offer a leaflets show bow t
repair the complex parts of cast iron produ@ESAB, 2013)such

as Lincoln Electric Canada. But this part is beyond the scope of
this study as this study is intended to determine the main factor
that affect the weldability of cast iron and removing the
contradictions that may the interested readers encounter when
trying to find the way to weld this materigMLS, 2017)

Conclusion
1. Gray cast iron and many types of cast iron are sensitive to
the thermal cycles of welding process due to the chemical
compgsition and poor mechanical properties.
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2. Pre heating and post heating are very important to decrease
the effect thermatooling cycles.

3. Controlling cooling rates of the welded products is very
important to achieve successful welding as cooling rates
affect he microstructure and make it weldable or
unweldable.

4. all welding affecting factors Welding procedure ( sample
preparation, cold or hot welding, and welding technique) ,
Metallurgical dimension, Heat treatment (pre/post heat
treatment) must be controlléd achieve desirable results.

5. On average, literature survey results are in agreement and
discussed the factors in narrow view point and the only
critic over the literature survey is majority undertake a
factor or more dismissing the other important factams
this scatter the attention and researchers end up with no
comprehensive picture about the proper way to weld cast
iron.
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