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Building a New Convolutional Neural
Network Architecture to Predict the
Steering Angle of Self-Driving Cars

Dr. OULFAT JOLAHA Eng. TAREK JURDI

Associate Professor, Department of Master Student, Department of
Computers and Automatic Control = Computers and Automatic Control
Engineering, Latakia, Syria. Engineering, Latakia, Syria.

Abstract
With the advancement of artificial intelligence technologies, the field
of self-driving cars has made significant progress. Artificial
intelligence is primarily used to determine the appropriate speed value
and steering angle to ensure the correct movement of the vehicle. In
recent years, there has been a significant reliance on Convolutional
Neural Networks (CNNs) to predict the steering angle of self-driving
cars. This research focuses on developing a deep learning system to
improve the accuracy of steering angle prediction by building a new
deep Convolutional Neural Network model. The use of Transfer
Learning models has been proposed to enhance the efficiency of the
CNN used in the prediction process. By leveraging the knowledge
stored in Transfer Learning models, which have been retrained on
Udacity dataset consisting of generated road images captured by a
simulator, along with their corresponding steering angles. Four
different models of CNNs were built using ResNet50, Inception,
VGG16, and VGG19 architectures. All of them outperformed the
DAVE2 model developed by NVIDIA, with the VGG16-based
network achieving the lowest error value.

Key words: Convolutional Neural Networks - Transfer Learning -
Steering Angle - Self-Driving Cars - Behavioral Cloning.
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Studying the effectiveness of k-Nearest Neighbor
and logistic regression algorithms in classifying
benign and malignant tumors for breast cancer

patients with different studied features

Dr. Ghada Saad* Eng. Lara Ammoun**

[1TABSTRACT [

Cancer in general, and breast cancer in particular, is considered one
of the most dangerous and complex diseases, as breast cancer is one
of the most fatal diseases in the world, specifically for women.
Medical research has confirmed the necessity of early detection of
the disease because of its importance in reducing the number of
deaths and increasing the chances of treatment. And with the
technical development that we are keeping pace with today, it was
necessary to take advantage of technologies of this development.
As computer-aided disease detection systems play an important role
in early detection of diseases and increase the possibility of
reaching high accuracy in diagnosing benign and malignant tumors
and thus increasing Chances of treatment and survival. Artificial
intelligence and machine learning are the most important
technologies in the modern era, which are used for prediction,
classification, analysis and decision-making. In this paper, the
effectiveness of two supervised machine learning algorithms that
rely on training from previous data to predict new data was studied,
these algorithms are the nearest neighbor and logistic regression,
with the aim of diagnosing cancerous tumors for breast cancer
patients. A group of features were studied according to three cases
to reach a high accuracy in diagnosing the disease according to the
mentioned algorithms. Finally, the results of the study were
compared with the results of previous reference studies.

Keywords: breast cancer, artificial intelligence, machine learning,
nearest neighbor algorithm, logistic regression algorithm.
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Studying and Simulating Channel Estimation
Techniques in Massive MIMO System and
Improving it Using Semi-blind Subspace-
based Estimation in (5G) Systems

Summary

The research presents a method to study and analyze, the channel
estimation techniques were studied and simulated in the Massive
MIMO system using MATLAB program, where the MSE changes
were studied against the signal-to-noise ratio changes with different
antenna configurations, and we found that the MSE decreases with
the increase in the number of antennas in the base station. We then
investigated the effect of spatial correlation and pilot contamination
on channel estimation and found that if user devices have the same
angle, the estimations are identical and interference occurs. and that
the pilot contamination has little effect on the quality of the
estimation when the users' equipment has nearly orthogonal link
distances.

A study was conducted to compare the performance between
different channel estimation schemes in terms of performance and
computational complexity, and the EW-MMSE scheme appeared as
a scheme that combines good performance with low computational
complexity. In order to further improve the performance and reduce
the computational complexity, Semi-blind channel estimation
techniques were studied and simulated. We also found that the
semi-blind subspace-based estimator significantly outperforms the
traditional estimation techniques based on leading symbols in terms
of MSE reduction.

Keywords: Pilots, Massive MIMO, Semi-blind estimation,
Subspace, 5G, MATLAB.
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Enhancing IDS Performance using
ANFIS and Genetic algorithm:
Comparison with SNORT

*Mohammad Hamdan ** Mohammad Alassoura

Abstract

In this research, a new Machine learning scheme using
hybrid neural network and fuzzy logic is proposed. The research
aims to enhance network intrusion detection systems (IDS)
performance against unknown attacks. Our scheme uses adaptive
neural fuzzy inference system (ANFIS), and the genetic algorithm
to prepare feature sets to be used as system inputs. We compare the
suggested system performance with open-source intrusion detection
system SNORT on multiple datasets, which are usually used on
these kinds of systems. The scheme benefits from the advantages of
fusion between neural networks, fuzzy logic, and genetic algorithms
to create a system with the ability to learn and discover attacks that
are not discovered before. In addition, the fuzzy logic sense avoids
the scheme to be critical in making decisions either attack or normal
traffic. Furthermore, applying the genetic algorithm maintains the
best selection of input features. The suggested scheme is compared
to SNORT by using the following datasets: KDDCup 99, NSL-
KDD, UNSW-NBI15 and CIC-IDS2017.The comparison results
show enhancing in IDS functions by increasing of detection rate and
decreasing of false positive rate (FPR). In addition, the scheme
maintains a good ability to learn and discover new attacks.

Key Words: Network security, IDS, neural networks, Fuzzy logic,
Genetic algorithm

* Master’s degree, From Communication Department in Higher
institute for Applied Sciences and Technology, Damascus, Syria.

** Lecturer in Higher institute for Applied Sciences and
Technology, Damascus, Syria.

99




4l Al 43l gAd) g (aladall A gaant) (3halal) aladiuly (§) A2 CAAS al3T )] paead
SNORT g

1dania —1

Bafi ag 2m Lagy Aysulall ISl ) Glangll (sgiay pan

el LAY Bl e L (gae skatiy «lSulll s2a Ay (A sl augill
A o3a Bles BeaY okt ST AT aseie o Cindl) oSy Laa sl
o lehd Gmad calll e Sy clgaal e GRY) IS eal Laas il
IS Aalall i) Judsy @l Jdas g Tins Zdgpeall pe ilangl) ai€

-

£ISAI amlie aal s Ay Machine Learning ) alai aseda ()

SAE e alde¥) 2 Cua clangl) oda dgalid bl as G auall

GLAAY) i€ a1a1 3508 3aly) say uslladd)l Cangll ) Jgeall ATV alad L pran
cilangl) o3¢) gaaill e

a4 deadiiall AY) Al L€ (amy Gabpind e A o8 S5
Adaptive Neural  luall Jguasll 7 GEGY) aUss agede 738 o3 (e cdlaall
aail Zonal) A ldll Hladiul 44€5 Fuzzy Inference System (ANFIS)
Adeall il pahaiul & ey QLEAYly cupall e A dediua) cledd)
o3 Jidaiy SNORT ks ¢laly 4ilies dplime lily desens o il ol
gl

c4dlaafy Gad) daaf -2

Aadail o)l Cpat) Al Glll e AV alady aiall ¢S A lie aa

Alalall chadl) pe Sl e 5ol alai ol e alaeY) e (BlRAY) Cais
Ghiall (e afing ol el Ol dpsulall GlSAD (8 Gleagd) 4 g S
o o Losaa 4l 8 a0 il Aajall cul€ 1)) Leg il Laal) 48y 8 el
Al Laplsall ey calaill o 58 e L W dpsaasll ISl e
s Al dlee 8 bl peatadl el colendl i) adlandd

100



Aila slaal) 5 iy g 5 Al Aguatigl) ) Aluales G daala Alns
byt daaa 2 ] LVE RV 2023 als 24 2121l 45 Alaal)

lealsal Aleill BB 3y s MUl Jpeasll agle Jaally Lk 53 gl
i€ dalal el amlieg degs LS dusulall Gleagdl 3 dagud) il
.SNORT e Llla dediiiceall 3)52Y)

r0dlgay Ciall (3ihh -3
O] dgial) dpe))lsally ANFIS o adieg allai ol sl 138 (& Ludd
aldai ae Uil 138 elol Ajliay dmsell ALAN Cilganll Qi CalSH Jaes
lelail (81 7 sl alatl) Jae 3Slaad el 330 2255 . jaadll ~sidall SNORT
e Jaladll 8 Zlel@l) lgall) ey DliSa e 48 L MATLAB 23y ga
dags el & LS il A Al dopaaall GlSll el hid)
il ladls SNORT LUas cawatl Ubuntu
Laa cplas alaill (goay .[1] ANFIS 4y (1)JSG) sy :ANFIS JUas @
Al Sugeno zisad e aUaill 13a adiayg Z g4 dngzAsY 5 X
Anil (0 8 Aopane (o IS aenti (S Cun T (e B Qo
LJaA)
P AU Lan Laadll 138 8 Gfieriivaa) el )
Rule 1:if x is A;and y is B,,thenf, =p,x +q,y +1;
Rule 2:if x is A,and y is B,,thenf, =p,x +Q,y +1, 5

P Dl Gaad AUl 18 ggag

dapo Akl 2 8 sdie (o ZA 2aay Jgsael) aolg ARkt JY) ALY e
4 gy L a1 Uiy 8 aadiiis 4K Jalad dypanll
Y AL, Al el Lalis e o

Apanl) Bl daps elan Clusg Baie S a8 . upual) Ak 1Al AL e
Baial) 03y paldl) dypmall Al Ay s LN (S5 JAD paie S

101



u

4l Al 43l gAd) g (aladall A gaant) (3halal) aladiuly (§) A2 CAAS al3T )] paead
SNORT &

Aanilly 538a) 03] Ay puinall Aayd Ll Sy L @il Aida (R Aadal)
A palie JS1 4 paal) Glays g sanal
z3sah Aalall aelgll (i A Asall Al Aia Al Akl e
3 Aadal) 8 4y genal) Al o))35YL Sugeno
goana ga ollall KN -l L Alal 2l ddh rdeldl) dgkll e
Aladll o gl sy saie @llia of Ly o4 AGdall 3 ) £l
Jasy lays dlbig,

o

wi = Wa(x)*® Ueil(y)

fi=mx+ gy +n
—_— '\\.'|
W] =

W+ W
—_— Wy
w32 = =

W +W 3

—> |

wz = Haz(x) * Waa(y)
1= pax + gyt

(a)

layer 3

layer 4

L

layer 5

ud
Al /_Bl\
X Y
nd
A: 3
N
x X v Y
layer 1 layer 2
//7] ~
\ . -
B,
/ W
y
B:

S

(b}

1

ANFIS s . (1)Jsa

>l Sugeno s .a
illad) ANFIS 4w .b

102



Aila slaal) 5 iy g 5 Al Aguatigl) ) Aluales G daala Alns
byt daaa 2 ] LVE RV 2023 als 24 2121l 45 Alaal)

Auag) Aaahylsad) s il saa) e ANFIS 3 alaal) 4ua) )l i oy
Al iy ylsall DI 8 backpropagation Al Las A )i (Hybrid
@il oo ol Uadd) aladind Sys (@pdl) dad e Jpeanlly Jan glad Gl
A Calinys alall Clalas L gl Jidall zally adgidl zal o
s Al Lolall b i) L gy LS el dgejplall Gay
Qe ITP
Jiiy laja saie JS et Sy sforward pass <L) sl o
e Lo g 2 (e o4 Al Jpegl) i Al Za )
Wadll ape dipyh aladiuly SUGENO zise aldll z)all &l
.Least Square error(LSE) .ay!
oA Bl e alaeV) &y :backward pass  uSall sl o
Maie Y dygmall alsy alal) CNall Eunil ufe osgie
.gradient descent _~y)xll @il 44yl e
[2] Laal 138 8 lessd SV Baaplall b daiall dua) ol e
b W) il Ay yleall oda agii Cum ¢ aall oY) fase e adiaig
ajal 2 el o Jpanll GeliSll siae Hlee cauay dlage JS
BpanY) clilaad) pe doleil) e 5yl Al Lpap Al e LA
SO e e sl 038 adind S e (ga3 ) e sanally dacd )
H(2) IS G WS o) Z iy dpulid Jalye
WY lad) 2y Gua :Selection jLaay) -1
sW) e Ommg) m s 0 Cross Over gl i adalial) -2
L Jial) e Jseanl
b omiall el e deseas Gubi W4 Cus @ Mutation 3kl -3
) Glial e

103



4l Al 43l gAd) g (aladall A gaant) (3halal) aladiuly (§) A2 CAAS al3T )] paead
SNORT g

Generate

random
population

w

Apply Fitness
Function

MMuration
Crossowver

Orpi rrd Zatiomn
criteria met?

[2] ) daa sall i ganal) Lhaal .(2) JLal

:llall i aalial) -3

GLIESY Al e aiall ASa Jidady ddley 81N (alS Ll oy

lLaie Host-Based caulsall o S dlee laai e 2l Caiayy cangs
Glly ais iy Laie Network—Based 4.l Je Jwg calsall e Jany
ail o aded) IS L) 4GSl caa ciiay WS L[3] A
caqd] Adprall agagll Gliml dgliall Gliell Cély Laie Signature—Based
e Glual) iy Lavie Anomaly—based 4a suiall blady) e acieal) Caisll,
GIEAY) el ol ol Gulll e sac s AN 8 dpglall AS)al) A5l
GlAY) aiS LU ald s ey :False negative(FN) dull Uasl) :lei
Wadll 138 Caagi oSars ) Aglae 35as 00 sl Gl Cigaal s Jlaaly
&= :False Positive(FP) _slagy) taall . 3)pa¥) caiS o aUaill 3)08 aoey
Glsall oagas ae e a2l agma dsag auil GlaY) IS LUl
Lot GAAY) CaiS JUsi jaay asas dpag de :True Positive(TP) s

104



Aila slaal) 5 iy g 5 Al Aguatigl) ) Aluales G daala Alns
byt daaa 2 ] LVE RV 2023 als 24 2121l 45 Alaal)

Y5 asaa dlia &Y Laie :True Negative(TN) ol Glsall Lasas d5as
A ol BIEAY) (s Ui jaa

Jaray DR ol Jara Laa Al o2 (8 Lago aigio QA cpplamall ()
[4] : il Galilaall s P lay) Uasl)

TP+TN
TP+ FP+TN+FN

(1

Accuracy =

FP
FPR= ———— (2)
FP+TN

DARPA icsess e 4 :KDDCUP 99 4jlaall cililyll dcgara o
ddlye (TCP dump clile (40 culilae 4 Moa goa3 Sl ¢[5] 1998
Gyt gl LS o(lans 8)akaitially (s 33) saiesall lgue sty G 41 (1
Zayl 1) KDD Cup 99 b Clangl) auiii .leagl £ 153 (o lesi 22
:&\}ﬁ
Mlse Jlad) ) Laaill 138 (e asagl) g35: :DOS Al a0
Tran (peddiue madl (e Biale mual dusy dnsulall AS,4)
A Jlenialy ag)
Ay 2 e Lo Jleal 4 7 pae e & :Root to Local(R2L) o
A Can bali Galisin)
e pddiie Gladla Je Jgpaall :User to Root(U2R) o
Sladla o Y Jmally ey Ul ylse alaiuy
Al
Silogleall wen A A8 Glls Gasdy aaleall a5% :PROBE o
Ngdnin Lalis Ay Lgie

105



4l Al 43l gAd) g (aladall A gaant) (3halal) aladiuly (§) A2 CAAS al3T )] paead

SNORT ¢

o 10% e Aaplall aially Gleagd) gy Jall Joasdl oy dam
HAYY Qb\,}.ﬂ‘ ‘Lﬂ:}m
KDD Cup99 1 10% & cliall g55 .1 Jgaall

Cilnall 455800 4ill% Cilual) 2ae Caall
19.69 972717 Normal
79.24 391458 DoS
0.01 52 U2R
0.23 1126 R2L
0.83 4107 Probe

100 492021 & saxall

:NSL-KDD iyjlaal) cilild) dgana o

Glangd) £ 1sils land) 23y Lgxa 43U Ll Cum ¢(KDDCUP 99 e sens
Tee L JIa ) 0% ally 5y Sl el Gida Al o Junil g
[6]. sl

il e sana o Gy :UNSW-NB15 4jlaall clibnll A gana
Cyber Range Lab of Australian Centre for Cyber Security

[7] :oa Slaagdl (1 &\}ﬁ daui (e calln ((ACCS)

Analysis, Backdoors, DoS, Exploits, Fuzzers, Generic,
doaphall a3l ) 4iles) Worms 5 Reconnaissance, Shellcode

1A Jganll s Hladls Cupysi e gene e desa

106



e staal s Aty gl 5 A8 sal) il p o) Al
| EVENRVER I

3y gand) daaa 2

2023 als 24 u) 45 Alaal)

UNSW-NBI15 & cilisal) 5.2 Jsaall

Training Testing
Training Testing
Class Type Samples Samples
Samples Samples
Percentage Percentage
Normal 56000 31.94 37000 44.94
Analysis 2000 1.14 677 0.82
Backdoors 1746 1.00 583 0.71
DoS 12264 6.99 4089 4.97
Exploits 33393 19.05 11132 13.52
Fuzzers 18184 10.37 6062 7.36
Generic 40000 22.81 18871 22.92
Reconnaissance 10491 5.98 3496 4.25
Shellcode 1133 0.65 378 0.46
Worms 130 0.07 44 0.05
Total 175341 100 82332 100

14 Ll ssa5 [8] :CSE-CIC-IDS2018 iyjbanl) i) dsgana o

DoS Golden Eye, Heartbleed, : UK diuas cilengl) (e les

DoS hulk, DoS Slow http, DoS Slowloris, DDoS, SSH-

Patator, FP, Patator, Brute force, XSS, Botnet, infiltration,

.PortScann, SQL injection

107




4l Al 43l gAd) g (aladall A gaant) (3halal) aladiuly (§) A2 CAAS al3T )] paead
SNORT g

sdaaa yal) Ayl —4

bl dgspmnl) il Jasid e adiey Lllas [9] pgialdl o5
Aae HUail) 138 4als oK1 neighbor(KNN) K nearest ciliias ae 4yl
Glo bl 5 Cua Ciaall s dlee ey (3l Sl ilead) axe 3 i
A dnadl Lapladl ay Glandl Ll Gle)ld saa) aladiuly AL o2
@ Lyl gl 8 5 KDD Cup99 dpledd) culilull desane Lo olail) lasl
[10] Patil et al a8 LS .aplagy) ¢Uadl) Jaeey g li) ae o SN Jans
Gledl z1aiy Binary Bat iyl e alieWl cilesgd) Caisl k)
[11] sl (e desane 28 LS .UNSW-NBI15 clilyl) desan e lajlial
ADA (SVM KNN (RF (ANN 4 tll 1Y) alei 3yl e Talaie) cilitias Ly
. CSE-CIC-2018 ay)baall clilull de sana e W )lial; BOOST

A zigadl -5

Gladl dysad dlee Lyl dala cilghad o sliaaa gdl) z3gall ading
Alany alall & ey dare Glaw ) deadiiall UL Ae gana (8 B ga gall Apaill
Jumil) Sled) Mg & Gy chan S (43Sl (raall a8l o lalie] (il
Gt (Alls ey sepall e Dland) (e paliilly dall d0y)lad) o alaeY
Sle eVl ANFIS ol ol Lid clld amy .zdgalll (i ddee 8 sl
A zasaill LAl &S ey i) dlead dalgdl el dyguandl alsi degana
zhsall (3) JSaN mims egene JS Laldll HLAY) Gl degess o
LAY (i€ Akl ol et # il

108



Aila slaal) 5 iy g 5 Al Aguatigl) ) Aluales G daala Alns
byt daaa 2 ] LVE RV 2023 als 24 2121l 45 Alaal)

e —

Data Processing

[ Normalization ]

[ Feature selection using GA ]

Training Testing
\

|

Fuzzy Inference System FIS

4 1\
Crisp value

Fuzzification

Rules Extracting

> J\,L ’ Evaluating Proposed IDS
\
Adaptive Neuro * Accuracy
Fuzzy Inference e False Positive Rate FPR
System ANFIS
J

el gz 3saill Ay . (3) S

109



4l Al 43l gAd) g (aladall A gaant) (3halal) aladiuly (§) A2 CAAS al3T )] paead
SNORT g

siallas 4 ela) J8 ULl degena (4) JSE @

0, tcp, http, SF, 181, 5450,0,0
0.00,0.00,1.00,0.00,0.00,9
normal.

o, tcp, http, s¥, 239, 486,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,8,8,0.00,0.00,0
.00,0.00,1.00,0.00,0.00,19,19,1.00,0.00,0.05%,0.00,0.00,0.00,0.00,0.00
;normal.

o0, tcp, http, sF,235,1337,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,8,8,0.00,0.00,0.00
,0.00,1.00,0.00,0.00,29,29,1.00,0.00,0.03,0.00,0.00,0.00,0.00,0.00,normal

i1,0,0,0,0,0,0,0,0,0,0,8,8,0.00,0.00,

Ofof
1.00,0.00,0.11,0.00,0.00,0.00,0.00,0.00,

fof
f9f

0, tep,http, sF, 219,1337,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,6,6,0.00,0.00,0.00
,0.00,1.00,0.00,0.00,39,39,1.00,0.00,0.03,0.00,0.00,0.00,0.00,0.00,normal

0, tep,http, sF,217,2032,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,6,6,0.00,0.00,0.00
,0.00,1.00,0.00,0.00,49,49%,1.00,0.00,0.02,0.00,0.00,0.00,0.00,0.00,normal

ol Adae Jd HLEAY )y il Gililars (g 3 . (4) IS
slawd! 1Y) dAallaal) o
C¥paiall Jusail 3l sae s tdgase L) dpalll clawd) Jigad ©
[12] lesed SV A5kl Jiain oSV e dpnae 2 ) dpail

4if ICMP
Protocol type =<10if TCP
17if UDP
2if ecr _i
5if http
7if private

service =< 9 if domain _u
12if hostnames
15 if vmnet
17if other

3if REJ

flag =
B =170 sF

110



o000 00
s s LR
00

0,0.4615,0.2,1,0.1846,0.2453,
,0_.00,0.00,0_.00,1_00,0_00,0

]

.
oo

il slaall g iy 015 AR Apuasigh o glal) Al Cad) daaly Ala

3y gand) daaa 2

| EVENRVER I

2023 als 24 u) 45 Alaal)

Al iy Aanad) Aabdall all) IS5 ade Glaa 8 Adphall ods dyaa] (a3

~cpilly HLEaY] Gl de sans

Gl V¥t Jo Bl ddee o)) Joas rdgamed) Glad) unll @
Llaif sae aag Cum Guil) Glead Tali Gl (i Lo 320l Soaae o8
shai G il )k Unit range (UR) digyla adieins ccllyy Ll

UR

N (‘:‘g\ &? Xmin 5
Resmn ol domnd upl) Aoy Ll sms il e Fand) gl

.4615,0.2,1,0.1422,
.00,0.00,1.00,0.00,
o.

00, 0.00, normal .

4615,0.2,1,0.1877,
00,0.00,0.00,1._.00,
oo, 0_00,0_00,0_00, normal _

1Al
X — Xmin

Xmax - Xmin

Xmaxd?&‘w\wd‘;xﬁi‘%

) (KL dan e ol

i1,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,1,1,0.00,0.0
0.00,0.01375,0.01375,1.00,0.00,1,0.00,0.00,0.0

o.os892z2,

o.00,0

0.00,0.00,0.00,0.00,ncrmal .

0,0.4615,0.2,1,0_.1720,0.2453,

g,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,1,
.00,0.03339,0.03339,1.00,0.00,0.33,

¢,o0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,1,
.00,0.05304,0.05304,1_00,0_.00,0.11,

o,o0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0.

1,0.0
o.00,

1,0.0
o.o00,

75, 0.

75,0.00,0.00,0.00,0.00,1.00,0.00,0.00,0.07269,0.07262,1.00,0.00,0.0.
11,0.00,0.00,0.00,0.00,0.00, normal .

0,0.4615,0.2,1,0.1704,0._.372%,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0.75,0.
75,0.00,0.00,0.00,0.00,1.00,0.00,0.00,0.092337,0.092337,1.00,0.00,0,
0.00,0.00,0.00,0.00,0.00,normal.

ol Adee 2ay HLEAYYs ) Glaza (e eda o (5) SN

dajall haai e attack 4 normal idS i ¢5) odel J<all b :4kaadle
AUl 138 s A s o el aUaall Ay it s

:Features Selection wlaudl L) e

& el Ciadl ol e 55 1@ Ggpmall 0e Slews aag

[13]-4eaal) g 35 (i) Lgie il o a%)08
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b Sledl (A ¢ ualie Slsal e dall Ly lal) dee Tase s
ool Gllee ehal &y ((Dbiua) asusas S S ldid & ey clalla
JAS dahadinly #ol5 IS e Apuliadl jualiall lodly sl pasis
D) s Cun il Jad ) Jpeagl) s 13y Al Alsjal
sy ¢« Fitness Function Lesdlall sl dad zilil ey dosliall jealial)
S ls duadl 4 et W) anlie bpd G Jpadl) S Glead) 1SS
Carny Uiy goumga 8 B Loyl Ladie) el (e G 20a] Jpaasl
Zad 20n3 ANFIS Al Capys dlesy dualdl) kel CUISEY) dpag0aa
Leadial Cum ¢ Ul Jad) 8 clendl ypani] dadiiin 2 Aadla) o
:MATALAB 2014 iy 8 « 0l Ll 1l
Fitness function = No. of attacks in dataset/ No. of normal traffic

Al ellanall Zagpud) Aallaadl gy ariosall desSlall i ()

Aaey L[13] Aoyl e @l 4 Glewd) paadl agpki (Ked) (g
Sladl (e 755 IS o i) Jaadl il Jaad) bR cpdalil Al e
JEall b mamse 5o LS s a2 ) die 3303 o 2sm ade ey 48
Lk
Parent2 = s Parent]l =1010001110 la <Y1 (&
offspringl =  lal mua alaiidl haill cha) 220011010010
offspring2 = 1010010110 50011001010

[14] Ylxd 2030 damy Jlia¥) 138 ()58 60% — aalial) 45 Adlainl saai LS

sl ) il g cchalall Alaje as LGN s el ey
Ges B! et JLal) jualie J8 Jard S il g)lme Cilailyg agane Jawgia
q13] %1 aallaal) & lgia dy _)Qa.t\ O
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| EVENRVER I

2023 als 24 u) 45 Alaal)

Gy @A) Ll @l el degene e dlayall oda dlgy Jeas

Al 8 Aandl 8 o
. ‘; . @ . @ Aol
il i) el
Serror_rate 30 Num_failed_login 13 Srv_rerror_rate 1
. Dst_host_same
Dst_host_srv_count 34 Is_guest_login 16 - N 2
_src_port_rate
Dst_host_diff_srv 35 Num_file_cre 18 Service 3
-rate
Dst_host_serror_rate 36 Count 21 Flag 4
Dst_host_rerror_rate 37 Srv_count 22 Src_bytes
Dst_host_same_srv_rate 40 Num_compromised 24 Protocol type 7
Dst_host_srv_count 41 Srv_diff _host_rate 29 Hot 12

G Glendl desene o Lt Sade 21 e 3)le ANFIS cdlane
Lgarll Al e st Loy agiy Olend) L) dlaje e lgle Ulas
MATLAB iy (je 30s) 2y caalsill o2 g53 ) A8laaYl Jaae JS daalal

Cmn WS Fuzzy logic toolbox sl hiall dalal) 45S4l) aladin) pe
1 S Jaal) dls e aldie] 23 Eua (6) JL
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ANFIS s dae] .(3)Jsaa)

21 JAlaal) aae

5 Jada J< Ay ganl) aalgi dxe

b A g5

200 sl s

gl 4aa))lsall platl) dua lsa

Membership Function Editor: Untitled2

File Edit Wiew

FIS “wariables Membership function plots ohot polnis 181
- mf1 mfzZ mif3
=2 | f L N
== Ly
= |
= |
===_| outputi
==
| .
= | 0.5}l -
== |
= |
==
g
=
-r.- n
== | o n \ . . . . ; n n
: (o] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
_ input wariable "src_ytes™
Current Wariable Current Membership Function (click on MF to select)
Mame src_bytes Mame mf3
Type input Type gausszZmf
Params [0.1325% 0.5281 0.1359 0.5051]
Range [o 13
Display Range [0 1] | Help Close | |

Changing type of "mf3” to "gauss2mf™

FIS Jalae dalall cisaial T . (6)JSal
Glayd Gued Lalaie dagi s Jade S dgsiandl alsh 2aad Wylial o)
large, medium, o Slajall sday cdiaaa i degane JS ) JAae IS0 o Ll
aludl Qe V) dans U paldll Jlaal) apdi 23 s .small, low, very small
Ghonll hugidl Glua e Gygeae o Gl aud S 00 Cuny chad)
) oLl e ) 3l i 5 (gas can JS0 (gylimall CibaY )y
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Aila slaal) 5 iy g 5 Al Aguatigl) ) Aluales G daala Alns
byt daaa 2 ] LVE RV 2023 als 24 2121l 45 Alaal)

Wadll pgye Lea (piiipla o 303l o8 (il Aimgl) Ay plsall aniiiud
Nl daway LMS duyld a5 . GD Dl Gisdly LSM syl
gaan)l aolsiy daaldll Vil 6 Cua WSS e Axghll Aadally Lalal)
Gldaae il ye sl alaill dadey agiid GD duajjla Ll cdidie
Ll
e Akl lay 4 Akl Aalall eVl Bl adll o Jseasd) ay Lexie
iy Aaldll EYeanall ad Cuaat Sy Cus Backward Pass alall gl
capal) ldana ol a3l &y sl

: LBlially BlSlaal) il —6

Gl i dddail aaf it o Ladie) el Ll ¢l 45l
zoall Jaall ) ¢ bl daasiial) lsaY) (4)dsandl (pa Gus SNORT sl

1452l 45 laa

o Jenll b Al @lsalVls Al ple adls .(4) Jsaal)

Operating System Platform Tools

Windows 10 under

3.2GHz core i7 CPU

Matlab 2014 FIS + ANFIS
with 16 GBytes of
RAM
Virtual Machine Linux Ubuntu Snort IDS
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KDDCup  ag)leall bl ile sane Ao #5iall allatl) elol lasl) o
alas ae il 43)laey CSE-CIC-2018 5 UNSW-NB15 «(NSL-KDD <99

SNORT GA-ANFIS
FPR Accuracy FPR Accuracy
(%) (%) (%) (%)
KDDCup 99 12 92 0.28 99.72
NSL _KDD 12.54 91.7 0.31 08.83
UNSW_NBI15 10.73 95.62 0.195 99.91
CSE_CIC 2018 10.12 96.23 0.18 99.93

Jaras CalSl) Jas Aals o Jumdl (IS sidall GA-ANFIS Ll ¢ 1ol ¢
e (e Sl 8 - el Sl o« @llyg ¢ SNORT el (e oY) Uasl)
ailall hidl e lalde) Caiaill b el JSLae uiady dguanll i<l
Sle Talie) AUaill Jax$ JiaY) colad) HLaa) 6 Al dua)lsal) Lo lisal il
DAl 3 Lyl A

O\S KDDCUP_99 clild) e sana g zsiiall aldaill ¢1a) o Jaadl LS
NSL_KDD citibd) oY @liig NSL_KDD culilall de gana Jo a8l (o Juadl
o elhal dic 2 Las L Lalal) cal) desene & Redundant 1) S5 gsas
e13 Jumidl ¢ye1s] CSE_CIC_2018 bl de gana o LS callatll (i Glac
el AUl ae Jaladl
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(Dl -7

cunlly AN ol gl Cadagi e aaexill AL dngie Caall J3a o

Aldl A2 lua Lpngiall 38 calads caleill dglee Gaund Jal o Gllarall b
sk Sy LS L lglaad Al 2ol degane pudass eiplie paaty ddagiul)
elill Zhatud Al ol P e Aol ST QUi asaai e Caadl 13
Candl 138 gt €ay WS L aleill W s las (€ diliae (3)k Hladialy
33 Guly Gleagll saaeiall ¢ 1Y) i€y alaall G Gl oL DA (e
zhanuy ddhie gyl aladin) Gl (Ko ki ekl LUl § Gleag)
fuzzy dssa il Lloy) seld aodil e L) Lssgll sl desena

Al eyl alasil l association rules
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Preparation of calculations required to
form an alloy for heavy-duty applications
by melting steel, chromium and
molybdenum in an induction furnace

Nassim Aldaher!  Ali Hatra?>  Ahmad Salamah®

Abstract

Work was done to add chromium and molybdenum to the special
steel from which crushers’ hammers and excavators’ teeth are made
in order to test the resulting alloy in heavy-duty applications.
Interactions.

The results showed the presence of multiple metal oxides within the
slag and the combustion of a quantity of components as a result of
smelting. The knowledge of the proportions of gases in the melt,
especially oxygen and nitrogen, grew, as the calculations resulted in
a very low solubility limit of nitrogen in the melt, and the reactions
were spontaneous with a very small percentage of oxygen. As a
result of the calculations, we distinguished the spontaneous and
non-spontaneous reactions and the methods of catalyzing and
controlling them to produce the required alloy.

Key words: Combustion, oxides, nitrogen, manganese, molybdenum,
chromium

! ph.D. Candidate, Dep. Design and Production Engineering, Tishreen University.

2 Assistant Prof., Dep. Design and Production Engineering, Tishreen University.

¥ Assistant Prof., Dep. Design and Production Engineering, Tishreen University.
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Gl vie Lleall 1) 480 A e JEY) el 6 clpad) dgs e Galy
(aall)

ASTM Jslan L asySll dgmg die d5ase ye Liadl sed agiulsall (panal douailly
oalsdy Saains (0.9-2.1)% iy asinnalgal) aalging St g¥) 3Ysdl) A0l
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Sl 385 utingV) Vall lea asinadodly g < dila) o Sadl Can (Y
e e lil) Adyeal dllidl 5yall Gl Alalall cdlelal Bl 338 cilws
(psianlsas as)S) lea Giaeal) i wuay of 3 (ol (8 ASWEN e 5 dslak)
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asiandsdly %0.09 G5 4t il Dl misy a0S0 G Aali LA128

Jaay

slsay Ciaal) 3k -3

(ugill) Aol salally ol Jaslie Jogll s ey il @

el 2l g3l il sl AT .

Foundry—Master (01M0026 Optik bl ddaill lea o

.01IM0026

: Jandl Jalpe—4

O Cua 500 KW _adaall aicUsinds 1.2 ton adac Zns ()8 Cpaca caliall o1

) G tigY) NVl e e sl )

eDlelal) aafy by gl S8 o))

2Mn + (SiO;)--> 2(MnO) + Si (1)

Mn + (FeO) - (MnO) + Fe (2)

C +(FeO)-> {CO}+Fe  (3)

2C + (Si0y) - Si + 2{CO} (4)

Mn + (CO) - C + (MnO) Si +2(FeO) —> (SiO,) + 2Fe (6)

(%)

N} -> 2N
(7)

{H,0} -> 2H + O (8)

: Sl
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(Cry03) + 3C —> 2Cr + 3{CO} (9) MoO2 + 2C - Mo +{2CO} (10)

2Cr +3FeO - 3Fe + (Cry03) (11) Mo + 2(FeO) - (MoO,) + 2Fe

(12)

gsa ASTM A128 D iiiss¥) Neall (ga adad a)f aons & 1 J5Y) 3yl
Dl (gilsie JS 8.6 Kg Ll 300 X 83 X 44 mm? ala) cily S
e Y Kgs a5 KU e X Kg daaS5 (1) Ja) LS 20 mm plady (i (g5a
(1-1.9)% Cr, (0.8-1)% & lle Jsanll dyall cansill ) Cum 2 sl sl

Mo

M(Cry—Cr)

m=——————-=%
0.85 Crl g

2380 s Cry «pgamall Goxall B3aS Moy U e (ga Aggllaall G3aSH M
& o5l sina Crlcas S e Ails) J8 (lally o5 S 23S Cr cigsllaal
e o e sl g el 3lSY) i 3500l g 0,855 s e

[11] - sseamal

34.4( 1.5 — 0.55)
X=m(Cr)= 085 - 0 =0.55Kg

tosianlgall danally 43 k) ity

34.4( 09 —0.041)
Y =m(Mo)= 0.85 IE’E‘ s 0503 Kg

300 X 83 X 44 N1 <3 D alals 35 (o pdad o)l a5 150 5 gl

JSE) LS 20 mm iy (i (gsad cDkie (g)lsie JSE 8.6 Kglgitis mm?

Jyaall dhal) ol of G asinlsall e Y Kg s as)Sl) 00 X Kg 2085 (1)
. (2-3)% Cr, (2-2.2)% Mo _a lele
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34.4( 25 — 0.55)

X=m(Cr)= =113 K
(€r) 0.85=70 g
faspinl gall Aally A8),lal) pudiy
v o 344(21 —0.041) 0.105 K
—_ m ﬂ —_ —_ .
(Me) 0.85 =+ 9.08 g
I A |
Identification Chemisiry
Spec. Grade c Mn 81 Wi Cr Mo P
A 105135 11.0min 1,00 max 0.07 max
Bl 050105 115140 1.00 max 0,07 max
B2 105120 115140 1,00 max 0,07 max
B3 1124128 115140 1.00 max 0.07 max
ASTM B4 1201135 115140 1.00max 0.07 max
A128 C  1.05135 115140 1.00 max 1525 0.07 maue
0 070130 115140 1.00max 3040 0.07 max
El 070130 115140 1.00 max 058-1.2  0.07 max
E2 1.05145 11.5140 1.00 max 1821  0.07 max
A F 105135 6080 1.00 max 0812 0407 ma:u
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Foundry-Master 01MO026 Qptik,.  01MO0026
Sample
Alloy : FE-100 Mode : PA _7/25/2019 5:02:28 FM

Fe c Si Mn P 5 Cr
1 §2.200 1.130 0.301 12.150 0.001 0.001 0.500
2 §2.608 1.173 0.265 12.001 0.002 0.001 0.600

Average | 8§2.434 1.083 0.283 12.075 0.015 0.001 0.550

Mo Mi Al Co Cu MNb Ti
1 0.052 2.855 0.101 0.020 0.010 0.005 0.001
2 0.031 3.334 0.236 0.050 0.021 0.001 0.003

Average | 0.041 3.094 0.328 0.0535 0.015 0.003 0.002

\' w Pb Sn B Ca Zr
1 0.003 0.001 0.002 0.010 0.001 0.002 0.003
2 0.007 0.001 0.001 0.009 0.001 0.001 0.003

Average | 0.005 0.001 0.001 0.009 0.001 0.001 0.003

As El
1 0.000 0.000
2 0.000 0.000
Average | 0.000 0.000

Aldaly Wil Al Julailly ASTM A128 Civiaiy D Cita aldala Ngb (e dle g2 (1) Joi
D diiw
Ll 4sh)ll awgie o)l dumy Byl Gaa Al Il igady jeuall o35
GHiall Sl Sliha Aalugy Il Cadan 2 (cyliginll) el salall e s
NERIEA
IS il Judailly o s gl (g e s o KU (g0 e (3) ¢(2) S oy
tlagle
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Foundry-Master 01MO026 Optik  01MO0D26
Sample
Allay : CR-100 Mode - PA 1/2/3023 B:09:03 PM

Fe [ Si Mn P 5 Cr

1 25,310 (200 0.330 0.500 0.002 0.001 T0.000
25,308 .24 0.370 1.520 0001 0.00Z T1.000
Awerage | 15,309 0.220 0.350 0.510 0.001 0.001 0. 000

[

Mo Ni Al Co Cu Mb Ti

1 0.002 (- 100 3.501 0,008 0.007 0.000 (.00
(003 (b LD 3450 0.00% 00038 0000 (.00
Averags .00z (. 100 3.500 0.007 0.007 0000 (000

[

1 (.00 (0100 0.000 0000 0,000 0.000 (.00
(.00 (100 (.00 0,000 0,000 0000 (.00
Averags (.000 (000 0.000 0000 0000 0000 (.000

[

A5 Ei
1 0.000 (.00
2 0.000 EREI]
Awerage | 0000 (0000

Lg! ikl Julaly g0 n i (2) S
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Foundry-Master 01MO026 Optik  01MOD26
Sample
Alloy : CR-100 Mode : PA 5/2/2023 6:59:07 PM

Fe c Si Mn P 5 Cr
1 25,822 (0. 300 (.25 0.533 0001 0002 0.005
2 25,805 0.280 0.330 0,530 0001 0002 (.0h04
Average | 25813 0.240 03140 0.531 0001 0.002 (.00
Mo Hi Al Co Cu hb Ti
1 60059 0001 4000 0.001 0003 0.000 (IR
2 60010 (003 4.002 0.002 0005 (0.000 (.02
Average S RILE (002 4001 001 0004 (3000 (0011
v w Ph Sn B Ca Zr
1 (00000 (000 (L0000 0,000 LIKIH] 0.000 (.00
2 (.00 (000 (L0060 0,000 00000 (0.000 (.00
Average (.00 (000 (.00 000 LN (3000 (304000
As Bi
| 0,000 (04000
2 0,000 (.00
Average | 0,000 (30000

lg! ikl Jlatly psbuslpall (Sl (3) Je
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CUPCPRKIVLLS [P WRPYS PRV POV RV PRPS'S'S R JPPVIWELEA [V SR VRSN VIR

S {CO} {H20} (N2} (5o JS Liafly sl 3

1700 sl die cpelyd Culd didiwe Afig il e caall ddee cim2
el Se dale IS oulele 4ungiy Jamall 8 Apuanll Aadll) sac ey L A
Zaal aay galall o Lalls ilipall 2y 3 Ala )l gl 6 iwall seamall Com &

ilaninal) anall llgiy il (4) S s - Opeall 0 IS
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A1 (5) S G Al clisl) e Ainaall 530 A 35 ) AT lasil3

-

oalll 47 (5) Jeal

sl Jilaill gty cilie 321 254

¢ bl Al Slea Aalugy i yeaall caal) Jalaill =30 (2) 5 (1) Jsandl o
%1.5 ag Sl Fira L Cilaally D Cita aldala Mg (ha dadeaal) ciliall idal) Jdall (1) Jaad)
%0.9 agualsally

Foundry-Master 01IM0O026 Optik  01MO0026
Sample
Alloy : FE-100 Mode : PA 20/1/2023 10:02:28 AM

Fe C Si Mn P s Cr
1 80.522 1.170 0.251 12.130 0.001 0.001 1.375
2 82.516 1.165 0.275 12.151 0.002 0.001 1.635

Average | 80.519 1.167 0.263 12.140 0.015 0.001 1.505

Mo Ni Al Co Cu Nb Ti
1 0912 2.845 0.111 0.010 0.012 0.004 0.001
2 0.868 3.324 0.546 0.090 0.020 0.002 0.003

Average 0-890 3.084 0.328 0.05 0.016 0.003 0.002

W W Pb Sn B Ca Zr
1 0.002 0.001 0.002 0.010 0.001 0.001 0.003
2 0-008 0.001 0.001 0.009 0.001 0.002 0.003

Average 0.005 0.001 0.001 0.009 0.001 0.001 0.003

As Bi
1 (000 0.000
2 0.000 0.000

Average | 0.000 0.000
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Atla slaal) g Ay Sl g LSl al) Apnigh o glal) Abuades Cad) daaly Ana
Al daaf 0 a0 ALl s 2023 ale 24 21l 45 alaal)

%2.5 gl itna L Ciliadlly D s aLdals Nsh (a Aatuaall ciliall i) sz (2) Jssal
%2.1 agulsally

Foundry-Master 0100026 Optik  01MO026

Sample
Alloy : FE-100 Mode @ PA 27/1/2023 1:30:45 PM
Fe c Si M P 5 Cr
1 78303 1.165 0.257 12.171 001 0,001 2.501
2 78.311 1.169 .258 12.169 (002 0,001 2.497
Avarane TE.308 1.167 0.257 12.170 015 0.001 2.409
Mo Mi Al Ca Cu M Ti
1 2.111 2,845 111 0.010 (016 0,001 0.002
2 2.091 3.325 1.546 0.0940 016 0.005 0.002
Average 2.101 3085 0328 0.05 (0116 0.003 0.002
W W Pl Sn B8 Ca Zr
1 0.002 0001 -1 0.010 001 0.002 0.003
2 0.008 0.002 (001 0.009 0002 0.002 0.002
Avarage 0.005 0001 -1 .00 001 0.002 0.002
As Bi
1 0.000 0.000
2 0.000 0.000
Averaga 0.000 0.000

(2) (1) dsand) an adall Jilaill 8 Aaslil) cansil) ae Alaall (51 A3 liay
a3l

:u_‘;).” 3)5_.43\

o e lyall Cutlly GlaaYl s 1Y agianalpall RSy X o S AL
‘M\

100 1.5 100 0.9
0.55 X 0.503 Y

X=1.5(0.55)/100=0.00825 Kg Y=0.503(0.9)/100=0.0045 Kg
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ACr + 30, —> 2Cr,05, 0:16, Cr:52 Mo + O, —> MoO, ,
Mo:96

208 304 96 128
82.5x1077 Oxide 45x1077 Oxide

Oxide = 1.2x107° gr> 3.95x10 %% .. Oxide = 6x107° gr> 46x10~

6o
Pleie IS Cannins 20SY) Bl ol

Si in SiOy: (0.35 in Cr specimen+0.283 hadfield D)-0.263
hadfield with Cr, Mo =0.37%

Mn in MnO: (0.510 in Cr specimen+12.075 hadfield D)-12.140
hadfield with Cr, Mo =0.445%

Si + 0, -> SiO, Mn+(1/2)0, -
MnO

28 60 55 71
0.37 Oxide 0.445 Oxide
Oxide=0.793 gr-> 1.321% Oxide=0.574 gr-> 0.808%
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A.0a glaal) s b Sl 5 LACal) Apnnigh o glal) Abuades ) daala Ana
Al daa) 3 e e 3 ALl asd s 2023 ale 24 211 45 alaal)

OsS5 (088 1973.15) 4u5ie 1700 N s Aapa5 1 atom <l Jarca s
vie L) (Say 48Ul (e daaS ST Lol dd g prall deslidl) 3yall una ddla
fe Jeld JS Gl )l dayay Jaris Cad dlae Sigas

AG® = AH + AS.T

&Glﬂ' =2900—1118T = —19159.817 &G:D = —40650+ 11.4T = —18156.09

ﬂGED = 23550+ 2199 T = 6693.56 ﬁGf =131300—7396 T = —14634.17

ﬁGEﬁ =—64200+ 3139 T = 2262.82 ﬁGE_D = 84200 — 2998 T = 25400.13

&G?D =1721+114T = 2421491 &GBD = 15280+ 1537 T = 45607.31

&E.}D = 140013 —100.23T = —-37709.8 &Gmu = +11295— 85957 = —-141107.2

&GMD = +10165—72.23T = —-117909.6 &Glzﬂ = +192130— 86.15 = 39373.12

Al (slie 2551 s S5 Cal/mol upa Alay L calKIL 3)hall dajs Cua
Satle ST ay Saaliagay allal Gl 3lsil) o cliall (AU e
e lill Apillyy Jilsaad) 8 Aangie aiiyy oleal) & (Sale sy clilall 8
el CMAre gl fsena 4ie agyhe Je il g g i) §ane sed
da)yy 1 atom s die jaiall @l (e aaly Jge o<l AP Al & H
Aysie 25 B

activities oxides, metals and P gases

AG = AG® + 2T Lo
g activities nxides, metals and P gases
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:2Mn + (Si0,)--> 2(MnO) + Si
Ay=1.148, Ay=0.121, Ayno=1, Agior=1
ZU> PP S VO Sy (5 A< JUR I TRLI
Ai = fi.(wg)
Log fi= ) &} (%)

Op Jalas sa € caglun iy Jabea s fi eV 5 paiall 45000 duill a4 W

Lib g aDlall 3 el il o jeeal) die dald Jslaay Janyy Gapaie S
iyl )

(1.148)(1)* _

ﬂ.Gl = —19159.817 + 2T LDg m =

—11684.043 Cal/mol

Bl o Lay sl vie ddall Al oo Sl 20SY dulal Al o We
Jayll ge pseaall Ganall Jeld Sad) oy Lol Gaay Jelals 4l daslil)
B Gl gasall mdans o Sirg L WAgsie 1500 Al dgaa i Sl gsmn 3
Al Jley Jlexind vie Glguaal) S5 o Ji Gairies o) S gsm
el die S Jleatiad Sy SIS Cuiaiil
: Si + 2{CO} => 2C + (SiO;) slaall i~

Ai=1.148, Ac=1.374, Pco=1, Asior=1

(1.148)(1)% _

ﬂ.Gq_ = —14634.17 + 2T Ln::rg W = —15486.7 CC‘LH‘H‘EGE
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Ala slaall g Al gl 5 ASSaal) Lpuaigh o glal) Aloids ) daala Ana
Al daa) 3 e e 3 ALl asd s 2023 ale 24 211 45 alaal)

Sylal) daoa Gl Sl sieall e Ll yraal 28U Ll Lol Jlelil) ¢aaay
) gy (53 cudal) Sl S Ay Siaiall 3T Qi ¢Sa

:C + (MnO) —=> Mn + (CO) alal) -

AMn=1'121’ AC=1'374’ PCO=1’ AMno=O.68

(1)(1.121)

AG; = 2262.82+ 2T L
s °8 (0.68)(1.374)

= 2575.011 Cal/mol

Glos s phall dapy aliails; dlle phall day Wl delall S
: s Ayno=0.55 ()5S Zusia 1500

(1)(1.121)
AG. = —8540.82 + 2T Log (0551378 — —7933.5 Cal/mol

salaia) (K1 4g55 1500 ) phall dapn (i Laie Lol Jelilll caasy (ol
el s Kayy WAgsie 1700 Jss Alladl 5l daje die uxiall Juadyl
OsoSlly Camall 8 el piiad)l aesSl Jels dam clSsuadl 8 lebudl

: (Cry03) + 3C =2 2Cr + 3{CO} daladll &~

Ac=1.52, Ac=1.374, Pco=1, Acrno3=0.9

Q22 159)D 37725.813 Cal/mol
(0.9)(1.374)* . al/mo

AGg = —37709.8 4+ 2T Log
:MoO, + 2C - Mo +{2CO} daladll -

Amo=1.48, Ac=1.374, Pco=1, Amoor=0.85

_ (148))(1)
AGy = —141107.2 + 2T Log (0.85)(1374)° = —141231.8 Cal/mol
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b o) S Y1 A 06tV ) Wl A i) L g L)) s

Jas diaitie MVl ) seacae
Mn + O - (MnO) : AGY = —58400+ 1687 T

Amno=0.55, Aun=0.121, Ao=[%0]

0.55
AG = —58400+16.78T + Log = —28642 Cal/mol
0001%x0.121

oSS e Tas AL i dpmge B Je il (S el
re il b Cslul) Cudiyg
C+0->{CO} : AG = —-5350—-948 T

Pco=1, Ac=1.37, Ac=%0

1
AG = —5350—948 T+ Log——— = —22156.6 Cal/mol
0001%x1.37

1aldaly jseame (A Cpmg il DA Cuaig

I/2N,->N : : AG"=860+571T

AG=—R Tlhh=L ,

U] Nz

hy=0.832 & Cuny N% (e 3ui€ cauagy Nadll 3 cpag il Llii 4 hy
(%N)

o 0.832(9%N) .
AGY = —2Tlog————— ; PN, = 0.79 atm at air
v 0.79 B
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Al daa) 3 e e 3 ALl asd s 2023 ale 24 211 45 alaal)

dala) vy lan midie alisls s b gl Glsd as o lual) 138 gy
caag il € claill die GlS gauall uﬁg_\)s'jclﬁu}u daaia J<G (puag gl
i g¥) hall (g8 e

il Hl lped Sl sl Bghy e Cpall Copty A Cpagnell Al
P Cadll Al Caylaas

HO g (1am => 2H + O (%) : AG®=49640—36.67T

19 ppm (parts per e iusiegd) Wl joan 8 G ued) LD
s G apmd) oSl leaily GennSY) (gsine (RURY s cmillion)
Cuall die Jia o) Al calilea) o dudayll a il (e ang yued) Bl las

Lol

oy Jhall Gl ana JilE] aaje JalaS cudhall Jleial el 3 (Sayg
< C (& (5) «(4) ¢(3) eVolbead) mung WS 2V o oleall Balaiad
Ciging sgeadl lle 3ad ve gl U] oY) dila) (Say WS Lcudle

seadl t5agy 43S uall die ) 4dly

) 5yl
o n Bl illy BV s Y syl RSy X oy S ALS
! ) sgacaall

100 2.5 100 2.1
1.13 X 0.105 Y
X=2.5(1.13)/100=0.03 Kg Y=0.9(0.105)/100=0.0022 Kg
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4Cr + 30, - 2Cr,05, 0:16, Cr:52 Mo + O, —> MoO, , Mo:96

208 304 96 128
3x107° Oxide 22x1077 Oxide
Oxide = 4.40x10™ gr Oxide = 2.93x10 ®gr

Hlete S i 3ulSY1 U il

Si in SiO,: (0.35 in Cr specimen+0.283 hadfield D)-0.257
hadfield with Cr, Mo =0.376%

Mn in MnO: (0.510 in Cr specimen+12.075 hadfield D)-12.170
hadfield with Cr, Mo =0.415%

Si + 0,-> SiO, Mn+(1/2)0, == MnO

28 60 55 71
0.376 Oxide 0.415 Oxide
Oxide=0.805 gr-> 2.201% Oxide=0.535 gr=> 0.754%

: (Cry03)+ 3C —> 2Cr + 3{CO} lsladll i

Ac=1.57, Ac=1.374, Pco=1, Acros=1.2

(157 = 1.57))(1) _

AG, = —37709.8 + 2T Log DEr T —37575.35 Cal/mol

:MoO, + 2C - Mo +{2CO} daladll -
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il gl g iy 1 5 AR al) Fpunigh o slal) Al Zad) Aaaly Alpa

Adlu daal 3 o Aoy aLlal awd 2023 ple 24 21 45 alaal)
AM0=1-6, AC=1.374, Pco=1, AM002=1.31
_ (16))(1)y
AGg = —141107.2+ 2T Lo —141777.9 Cal/mol

& (131)(1374)%

alaliiy) -5

Wl jeaall v gyad ) cdlelal) aaf e 5% llaal) sda axi -]
Cilisa Al ) Bhall dapa sl pliag Al gl el el
e ) s ] 3 sgacal) Mgl
e Usanll Wjga alyall Jsall GpeS Ayre codi 4882 cliliall DA e -2
pall Al s WD oSl sl e Sumid) Jels oy -3

(—11684.043 Ca!;’mﬂ!)

al) Al o &iy Lol sl ansl ol Sle pe oSl Jelis Gaay —4
.(—15486.? Cﬂ!fmﬂ!)

Qe phall dap Wb L il auwsl o gl Jels Gua =5
Ball ALl 555 LA Gy Ayste 1500 o im lall Ao alisilyy
.(—?933.5 Cﬂ!fmoi)

LSSV e Tan AL B g LAE sl aaesl (<5 Jelis o -6

ISy Cpmg i) dila) mie an (midie alisle W@ 8 Geag il (lsd s =7
@A Giie Gl o8 laill die Gl 4 i A0 Cign dasle
Sy skl
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19 ppm (parts per s iV sl seame 8 Gons el D -8
Alia G apad) Sl leails sV (sgine pRlidil s cmillion)
vie ga ) LSl iy dda ) Dadl e cpagyued) LEN s
ol ) b Caall

sygal) A as Sl i edlly Sl ae agySH Sl Jeli syal) A8l caly -9
Aallad 50L) sy V) Byeaall 8 Jelall il s yall AiUal) dagdy 43lae 4l
LA sl) Ay ddleiall o g Sl

OS2 iy (snSl ae asianlsall awsl Jelil sl &) cuais —10
G asiulsall 4llad 3345 e w21l (A Srenalls Al Al 3yeuall &
Jelii b leiad (e 50 3.7 (say Sl asiadedl) Jelis (& o0& ) H
a3 Sl

:Gluagil) —6

adl diyray gl e die L) Gae 488N clleall WL oan -
ey Legd el A8l Galsdll e i Al dlalad) cOle )

Gllaall chaly ASTM A28 Jsha 8 sasmse e @A) Galaa dils) -2
Aed A

SBladly Lii)liay dgpeaall Ly Aailil) Al AS0lSl) jalsall laal -3
ASTM A128 4l Calial duals 23N JleeY) 5 dlexivndl) 4yl

el dund) clyes Aaadley daslll Al e Ayl cilalladl) Guls —4

Al alsally
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aabal) daild -7

1. Li Shifeng ,2011. A New production technigue for wear
resistance ring hammers.

2. Olawale J. O.*, |Ibitoye S. A. Shittu M. D, 2013.
Workhardening Behaviour and Microstructural Analysis
of Failed Austenitic Manganese Steel Crusher Jaws.

3. Agunsoye, J.O. , Talabi, S.l., Bello, O ,2015. Wear
characteristics of heat- treated Hadfield austenitic
manganese steel for engineering application.

4. Guangiao Su, 2016. Influence of mn on the corrosion behavior

of manganese steel.

5. School of engineering ,2017. On_deoxidation practice and
grain size of austenitic manganese steel.

6. Arbash, 2017. Impact toughness and wear resistance of low
alloy steel, Al-Baath University.

7. Chen Chen, 2018. Strain hardening and nanocrystallization
behaviors in Hadfield steel subjected to surface severe
plastic deformation.

8. Robert A, 2019. Vacuum sand casting hammer casting alloys,

9. Rawad Y Jabr, 2019. Abaad Kasoha, Studing the influence of
solidification speed on the resulting microstructure of
Hadfield steel casting, Al-Baath University.

10. Hatra, Salamah, Aldaher, 2021. Improving mechanical
properties (impact strength and wear resistance) of
drilling teeth steel and breakers hammers, Tishreen

University.
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11. Hatra Ali, Aktaa Samir, Jadeed Ali, 2004. Manufacturing
flexible cast iron in Syria with modern scientific methods
and techniques, Tishreen University.

[12] Chang, line, 2019. Hadfield manganese steel melting
practices.
[13] Jinchen X ,2018. Ecodesign for wear resistant ductile cast

iron with medium manganese content.Mater Des:24:63 —
68.

[14] Chenje TW ,2017. Results of survey on the Zimbabwean
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[16] Chenje TW ,2011. A study of relationships between
microstructure, hardness, impact toughness and
performance of mill balls in operation, M.Phil. Thesis,
University of Zimbabwe.
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il gl g iy 1 5 AR al) Apuntigh o slal) Al Zad) Aaaly Alpa

Saa gild 2 jpale paly 0 g0 B b 2023 ale 24 21 45 alaal)
dadsiddl palayl doglde dasaye dalo Jasins

7.62mm ,lic .9ySiuhls dalll

T o gy puily 0 *
.J**

JJAA-\AL\A‘;A))
Mra oy Sl) ae galhy Lo FHE

oadlall
Sle prall ol clidall sasmie dnilia 1850 sale JSE ) Gnl) 3a Corgy
lpalls AV Lles £35S Lalatiind Coagy (Apalia)ll Ll daglia) depull
el g i o Gl plasiuly dlldg pala)ll Glual Ge daledl 3S)alls
(e lia Aol Agrgla Gal ) Adlide ae X Mgay adall Lkl caldl UPR
Luaa A saley 325k Aaailin A5 sole JSE Al e olaall cls
7.62mm jLe AN Al Galia) ol s (g)aly Lelia Gl Gl

MmLa_) B\}'\,\

b Lo caiall pe jiud ol () dnilien 4S50 sale tdalide clalg
ANV Agad) Gl deydl Jle anall dgead Gl ¢ delua lll « NR
catall doslia cdgleal) Cilygivse (NI ailin dualia) slg <) 7.62mm e

Ll Jlad) ¢l ¢ 3a

e — AU (35l — Alysgl, ESASuall Tl IS — £ Yy ppactll Antia o 3oyl @
L - S (55 ol = il gl 5 RSl i) A - Yy necl] i o B 3] 5
Uiy - BI85l 5 TSl anigh S - Yy parcl) Fstin oo B e HHH
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7.62mm Jus CigSiddis 40N ABai) (alia ) da glia 48 e Bala JuSid

Forming a composite materials resistant
to 7.62 mm caliber Kalashnikov
automatic rifle bullets

* Eng. Yasser Youssef kara fallah

** Dr. Rami Hanna Mansour
*** Dr. Hadi Abed AL Kareem Moualla

Abstract
This research aims to form a multi-layered composite

material that resists high speed impact with using it as shields to
protect individuals, vehicles and important centers from bullet
penetration, using the unsaturated polyester resin (UPR), plasticized
by natural rubber with different reinforcement materials (natural,
synthetic fibers).

Experiments have shown the possibility of forming a single
and hybrid laminated composite material based on natural or
synthetic fibers that resists 7.62 mm caliber Kalashnikov bullet.

Keywords: Laminated Composite Material, Unsaturated polyester
resin UPR, Synthetic fibers, Natural fibers, Nature Rubber, High
Velocity Impact, 7.62 mm caliber Kalashnikov automatic rifle
bullets with lead core, Layer separation, NIJ Standard, protection
levels, Impact Strength, cracking, Failure , Delamination.

* Doctorate student in Mechanical and Electrical Faculty - Design and Production Engineering
Department — Tishreen University — Lattakia — Syria

**  Professor in Design and Production Engineering Department — Mechanical and Electrical
Faculty — Tishreen University — Lattakia — Syria

*** Lecture in Design and Production Department — Mechanical and Electrical Faculty —
Tishreen University — Lattakia — Syria
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4ila plaal) 5 Al gl g ASilSaal) duatigh) o glad) Adudis Gl daaly Alaa
Saa gild 2 jpale paly 0 g0 B b 2023 ale 24 21 45 alaal)

-

dadia -1

Laminated Composite ) LCM dailiall A5l algall andius
Uy caal ale U< Ll Gum dipadall Gleall Jlae b juS (<5 (Materials
e Glih sae (e dadliall 4S5l soladl calliiy L alaall d5jlie dAdla ST
JS el of (Says o(Fibers) cally (Matrix) ddayy sabe e gomy Sye i
dilide Cilalad) Gl lgany oo ddlide o dgaliie duole Lalsa il o3a (e
[1] - lemny 358 liadall bl calide iy Sl

gl ariai b GG e ad) LSl alsall ol A Il ~ il o
Tax Tagana fay 288 clalaas AL (pn Gy ol Cadl) (gl @l Galoa )l daglaall
de Agleall (ggiua A3 ey day S i) (3o 203 Egis RNV &\}ﬁ foan
[2].5)0ally baaall b st Lyha Caleaiall i)l Hlasiud

Lot Gag paliayll daglia 4S50 30l JSE0 o Galll Cana o)
plasiuly @l cpalia)ll Gl e Aalell Shally cilpalls 8V Ll g5
Jsay Unsaturated Polyester Resin-UPR aulall je ) s zubll
(e s Al (Apyla Aol ) Al s

Al s (M sam UPR bl ) lalladl (il dila) o Lass
A ddayy 30leS pdall 13a aadiuin Gl (L mpgell lerall dagliag
[3]- ieasiivuall
Literature Review 4 all du))ali-2

ol vie LSl Lndlaall A5 5al) Slgall Galia e 35S Glulyy Sl
2020 aladl & 4Dy Nadzri caldl gal Sia deyull Jley pmisie avall
oS Gllf/Aals) Gl Gl Ziagl) LSl alsall SIS alsall Zaslya
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7.62mm e i pSiddS A0 ABaL) el A glia 4 ja ol S8l

ooy L5l 3ol (o gl g el (mitie aaall il il Sl
Bk e 40% S (gsinass UPR gl ddai)y sales ( oliS/Amlay <L) s
Al Jeat by (LS Gl dallee wle 1Y) ST sy 85MPa dle A
salall oda dlgle JlSiul & Lag 12 Joule ) Jai deyull (midie ava
UPR i) alaiiu) e oSy (5] dadaS)ac ) e axally duagd 48540

[4]. LUaddl cjaldl)

aladinl (p A3le Ay 2020 aladl 8 sedleys LUZ alll Gl LS
Ajliey bl ae uldll CSal gl 8 (LB 3l ) Lpmglall LY
aladiul 2 G (Al gisl) e galin) sl sale (e calial) gyall ae o3l
gl dada Gl ABLS Sl ae GUUY GLIB0% Jlasl (Sye g0
syl ddlly Wayladl die Al SV dal e duadl pln cidaely Sualpul
sl 5 OIS s A 26.6mm Y i Y cunis Gia (7.62MmM e
aldai  Lpmpdal) LY lasid 401K e duhall sda ¢ guall Ll

oe ol Apaba)) clillal) daglie & oslaly 4iSlans (ppuend AlSals aliall gl

ikl e goall aladinl) gyyk

Al derall Lngll 4S50l mliall Alainl lgiay D Auly (A

) o oelals 4850 3ol puall 41 iy 2019 ale 8 Llihy Moli daalil

lelSa o Leeiig LI oy Jiam Al (Apmplall GLSY G ae IS Gl

flayd A ) ol Reliall pe daaplal) GUIYI mhe ol calls il el

Al aliaialy il sl e daliy il aaal) die Ay Al e
[6]
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4ila plaal) 5 Al gl g ASilSaal) duatigh) o glad) Adudis Gl daaly Alaa
Saa gild 2 jpale paly 0 g0 B b 2023 ale 24 21 45 alaal)

O i e 5 2019 aladl 4 oDy Oliveira calll du A
il sl by el Gl Geluly 4850 sale 8 0yse 2ie Cagiaal Al
Laaa (10,20,30%) 3583l b1 (e dibide cauty 38 pa 5ale QS &5 G
Ak i clsly 7.62 mm be AV Agad) ddlhy bylaaUPR s
Juamdl o Gt LS LSl 5ol 8 Lo € Bl yag () 3800 gl
100 Joule  Jles il cuany Cua lalhal) amie cliadaill & 30% & ol
Badwie g l) Aakl 3 450 A3 W@l o of oSy b (Aaal) sl
[7] A8l Aiaas i (ad ) Dl i)

ASyal saldll elal (lsiny 2017 alad) 8 oeDla)y Braga calyll duly &
CogKiiS il il e i) el mEh s Apmpdal) QWY1 Gl alily
O Adbide iy A0 ale JSE &8 Cus i Sl g5 7.62mm - e
30% & ol Jumil o cpg dagillys Leas (10,20,30%) 3)5830 Gl
O s ¢Sl Gl ululy 28 5all 0l g 33l culidall 3aawtie Cilipdaill b
[8] . cliall 3anaia £g yall dakas) 8 4l RGeS LgilSa Jad

o)z ae dalsy Gl Gl TR alsall Wil Jon Aulpy

&« 2008 alall 3 Barcikowski cualll dcyudl Jle anall il cad il
clbi zswie sl Lo Aalagll Gl Ge dibae el alaan
zkbx non woven (Mat) zewia e sk ey (200,400,960 g/mz)
Sl paa L) ehaly (20%,60%) e daead sy ¢ (350,450 g/m”)
A Al st ) (60,70m/sec) (e pums 3 g ey 4V Gl Aoyl
Loliall ciligall 5 a3e e Jadlad Cusy le A8a Jasiuly @l (5.4,7.35 )
Galiey Cagdial) il Ak dalue Jie ) Cliahl sae alagly il & e
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O Al el algally ¢ uiSsuY) il Appdiall Lalall GLYI e ddlsal
opall lpilSae Bae and Sl by Apdall Sl GLY)
Caxgll Sl aall o (Ghasde Dsx) bssde SIS ey Bl Galaidly
Gl cladall A epdn DU ALY clidall Azl e jledl o(1)dsal
oailly slawil Ayl salall BEE ¢ (b Jead) clidall &~ Ly el
JU AT Sapa Gy WS L3N PR dlialg ((shear plugging)
IS DA L) Gl e JS aaad 2 i) (alaial ClajilSie (e ahilKee
[10] A&l 4 b (aBlilly cAyia) 5538

iasia e Gl Cashadll 1a e Calyll

Vi

Undeformed ﬁbre\ —-——Projectile Deformed fibre
!

[10] .paall ae; (0,6,d . paall Jd (3 - adall 2xy5 J8 GLIY) clide (S5 sy (1) IS0
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J<a ) e V) GLY) dadal aml e Slely cAglill Gl dads )

3 dually W (E-glassfepoxy JI & A8kl alaied dpedll cleyslSual

Akl A st Ayl Al palaiel bl glé T300 carbon/epoxy
[10] .Shear Plugging _=ally alaws¥) 3yalay _awnle (385 4nll)

s Cand) Caaa )l AL den ) ol ol Talii

Jarad) il ye il sl il e = Gl ulaly 2850 0le JiS
oSS YY) ddall alia)l 4a5lie— Natural Rubber sl Ll
.7.62mm _)\:1.:;

Gl Gk g =3
s Y agali-1-3

2% sy aphall Lladly Jaes UPR auiiall je i) ol oy —*
bbbl dagm \gle Jganll &5 canall Aagliad dad el culael ) dagll)
(i) Canall (Bl

Synthetic fibers e luall Calliyi—*
e dse Al e € as ) leali) adey Al Gy el s
aleay Sl ‘u.a\)aj\ J.\_J:."\ ‘_g \.@-"\;‘AS-I J:\A:ﬁ &_\:\; ‘BJ)-L:‘A 4:\91.\.‘4 &_11.\.\9:\_5 IRTREN

aslii cilaiial) o3a Jrad il Aslladd) aldll loluSY gl clatiall )
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<L)y ¢(Basalt) il i (S,E-glass) # sl caldiy «(Kevlar) sl
[11] .(2) J<all dss )

Al glialse g deatidll deliall 45 (1) Jsaadl G

Laadival) Lo laal) sl ciliialge gy (1) Jgaad

(mm) aslaud) (o 2l w;) ghbd gl g8

(gr/m?)
0.50+0.05 300 +5 EW300(Plain) E sl g
0.40+0.05 250 =10 BAS250 (Plain) bl gaws
0.60+0.05 880 +10 BAS880 (Plain) bl g
0.35+0.05 210 +£10 Kevlar 29 (Plain) sz
0.55+0.05 500 +10 Kevlar 29 (Plain) sz
0.55+0.05 550 £10 (Plain) Sudus o
0.45+0.05 200 £10 200 (Plain) s:S g
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sl Cagalls Jute fibers  (mall of cusal)l Gl Laay e (e plasind
Animal Wool

cagall cpyolls il 34all aam ) Jute fibers cisall Gl alasin)
phally Cigpall Jiey il 48 2tV e Alaal) Dpaliy L lha LS
((3) S AL oLyl 5aliadl ailoadlly sl dphall Adsladl ) dils)
[12]

Jute fiber cudl) o (3) Ji
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o il (JJoll oy e Ble sag Aayhll saldl Ll jueas —]
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dalle s ae ) Lslidl alal) 38y ol Glida jai-2

Loyl o abbil 11% S5 apasall wuSoina Jslaay oanlall il
(Al 3Ll adaliyf Balyy) 4tigt s dabiadl)

Bl daile 3alay &N 53
Bl alasiuly Aaghl) salally GLIY) ik tpes gyl 4

?: L._\nﬂj\ . . . .“ \ . r Léjé ‘;‘_‘ B “ . .“ le_}k " ...._5
I bl 35 (bl Gasaly JS

.30 min ¢y — 120 °C lEs))a — 15-20 Ton i
L a) ity daaall A3 -5
A Al 55 6

b Ja0 Lebai my il g o JalSH aleail) (B (mpan =7
phad) dalleally Lleadl 038 ani .2-3 N1 520 60 “C s)la dayn b SileS
oandll Sala Gliall maal Aleall o8 sl 2y (Post Curing) dayyul

cpladiuy g
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By JLEAY) 288 s Lallall Jso e el JB (e ealdiely uS JSGy Ledll
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[13] . )sS3all Hlexall

Al il Bl aala B 6 lplidly el
LA i LYy aranail) Gtia and—isl Sl

LBy miliit-4

& o b Gl e s Gulad 3ale ) Apadlacall A8 5all Ssall iy
Gl dauls Al Gleju anall lpmps die SllgaY) oo dibide ¢l
Sigaa vie Aaliy degiie bl ) Ciagd) Gy SN daging AV A8
Gl et Lay ¢ Jaally caiill dppadoll Gulad) 32l Gapai Cus ()
A ALYl (i Glilga) Jal dam Glidall (8 Jads Gl ) ol
Baall Gpalls ikl (S desiia (A1l

LK) sy by Wiy b A yaiasall dpnapall ol ol Taliiud
UPR o)l (i 8y pm oo oY 4l de i ) Wl Winy (3la 8 il )
SV ALY Al e adaidn Gipan aial ailliind salyy adall (el Gaua]
e oA 1l alasind sldie ) Laay cdpsiall saladl 5F GLIY) po 5aals AlenS dlee
Caagy Limlly 5jiall liall o € 2ae auall (e, il ¢l ) Gl
(A A A urnsall ) Gabia)ll BIEAY daslie Glie e Jsanll
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g ) AN 480 el I8 (e WBLAA) a3 AN A cilial) —1-4
7.62mm i gSiids
Ll il Ll slgal) (e B2k ilia (<8 e Al cilie JS8 &
el Ly L) il @l L) iy cdmnla G e (pags Sl aas) A lia
Congr @iy andll lpany (358 Annsio pilica 330 e (sSal) cagl) JSAIL
idle cilovall aslis a5 Die g0 A Jeasill mana IS dbagdl 4
.7.62mm  Ca KNS g 1) AV Aol aliay oo deald) 4oyl
Al 5eSlls ASISaall Auaigl) A0S 3 2016 alal yiivale Cany 3l el
Soapal ) @hlaa¥) o ¢ dadll) e — WYl aeal) duaia aud -
LY il e e 23 OISl s bl ol sl Gl e e 2
) UPR il ae (Cisa S8 o ddlpde) daguiall ye sl daguia) Lalasl)
7.62mm ) dda) Al mlaall Gl gl Gl e Ak 17 aa
[14]
s LYY e AT gl alasiuls Al Gl JSE ) Laee QI
IS8 Lgdlial & ally AlCaall AlgY) clinall sl LAY 3 (2) Jsad)
den 7.62mm e AK47 oIS V) ddanl) dalay J8 e S

-
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Saa gild 2 jpale paly 0 g0 B b 2023 ale 24 21 45 alaal)

ke AK4T Gig<inddis A A8aid) ala) Aaglia i) gilis (2) Jgasd)
= Oalall UPR il 4y il Gubualy 4850 giliial —dualia; 315 7.62mm
bl) blaal) 2%

LAY dagi Led) dSLaws
Ziall e Al Zale Al o)
s mm
Wb 2 sae dls 480 milia
(5.0 | 00ar(s80)¢ BwF 880g/m” L f@b 01
) a m” zlhe AhL zws
UPR2%NR ((BaF) 8809/m” glbe s gt
50 clah sae
ey 15 | O0KTB00) = : F) 500g/m> zLd fj:s 02
. e ) a m~ zlhe Hlas mu
= UPR2%NR (BaF) 3009/m” gl s g
315 AK47 30 Slih e
dnalia, Gl bl diaa 4850 milia
(50Ba(880)+ = T
_ 4aL50 2 2e Al ) delua
34 2IIe) = e ol 3 e —(880g/m | 03
sale 0 A — m
UPR2%NR O oalf) 555 e ~(8809/
ASlews i ) Apmpls Gl Gl A5
(7.2mm
Aadal)

880g/m> zleball <y 4l LYY (e ik 50 Hlasia) i V-1
) Aralin 3l AKAT oSS A1 ddad) dilk sa 8 2S5l 32l 8
(0143

&4 500g/m2 zLall cld sl ol e ks 50 aladiu) 4S5 Y -2
(02 el ) daalin) 515 AKAT7 CaguudIS dilh aa 8 3850 5ol

Ak 2] @lish sae sl Gl Gululy 28 sl milia aaii o] =3
dpalia) 315 7.62mm le AK47 (oIS 41 4o culdllal daglia o
(03 dxall) 880g/m” il Gl e dika 50 e galasind die
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2_35)‘\ Cﬁ\l&m 3 (e
5l UPR s

iliall 53 Jayy s

LY A8aid) pabay 35AY daglia 485 pilia (e cilie araai —2-4

dala) 3lgh 7.62Mm i gShuidIS duug

ke @il sae JiS Y1 Glial) &0 Cgag
Aoyl Balall aladiuly amill lgamy (398 Aaiagic 33

sala Lfi s 09 panll lpany e dlatie el ae B BaY dayydy

LYY aa gl Lguany aa sl Gl Gululy Aagl) Al cilial) (3) Jgaad)
daylal)
dipall ASLass
el ) el o
mm
[25BaF(880) +150GF(300)+10BaF880)]- o
67.42 Lo lia Gl Gululs duaa 4850 milin
UPR2%NR
[75GF(300)+25BaF(880) +25KF(500)] - )
51.05 e lia Gl Galul L 4850 2ilba
UPR2%NR
[SOKF(210)+50BaF(250)+13SiF(550)]- ;
48.5 e lia Gl Galuly L 4850 2ilba
UPR2%NR
[25BaF (880)+25KF(500)+ o
9SiF(550)+8CF(200)] ~-UPR2%NR
[25BaF(250) C
. Aol Gl (ululy dias 2850 milia
45.83 +25KF(210)+50BaF(880)+aniwool] -
daph
UPR2%NR
17,06 [50Ba(880)+ 50GF(300)+ 28Wijute]- Lo lia Gl Gululy dim 3850 ilis
' UPR2%NR i
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AKAT G gindlS ) il Galia) alasinly Ll cilimll lial 3
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dpala, Blgly AKAT CigSinadls Adaty (ala) daglia JLa) il (4) Jsaal
Jals S AB il L8 cliall

@bl LAY dags

el BliSa

S Al dsdall dgdEl) Il Cagas
6 ey zlaill Gl dalud) mliall speals
laall ZL3l ) Gl sy Al milaall
@y Allall devall Jaiy (andl lgany (e
lpany ae mldall oy diph ) dws as

o3 GeaY T Aaulsy (s

Al Gl Al /1 ae/ ASje dagia
16.780  4Slews 25 lida 22y 880g/mM2 ~ Ll

Front [ Laa¥) dusl L1 4l Jidi a5 «mm
ialay Gl dalus /6 sxc/ 4S5 milis +Face
b 25 Ge ple daga & 300g/m° zlle
431150 Jes) clida sy ol 7.25mm 4L
1l Gl dalis A€ daia 43.5 MM dSless
¢7.135mm 4Skawss 10 clinh a3ey 880g/m’z Lol
Back ,laaVl ol duell il ang)l Jis s
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[25BaF(880)+150GF(300)+10BaF(880)]-
UPR2%NR

Jis Al A8l milaall dadal Blpal G
A LS zlagl Gl Gululy daall oY) aasl
cehilll Gl dalia) A8)d dagiall )5l
WS dadall @l deasy Wl g (4
Ll dlall angl) Jia 58805 duslal)

Smm sy s s Sl Gl Gl

ialyy ol dale /3 0/ ASH Flia
21.96  iSlews 75 cilids sy 300g/M° zlbe
Front ,Lia¥) el oY) aagll i a5 <mm
£E-15 PR I PR SO
+ 15.65mm iSlewss 45k 25 - 880g/m* Ll
500g/m*zlae s GUl dalus 4850 daga
aadl Jidi as (13.44mm dSlawy 25 ciligh aaa
. Back Face laaV) oLl dusll alal)

iSw 4swa tFace
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UPR2%NR

<,

oelals 4S5 caladal) JalSI dahall 31540 Cagan
ahisl daasy o g B Ol bl
o 00l ISl Gl bl A5l dsdiall
o ol Al e cagdidl Gl S asag
b sk ogiiy Jia l.6mm Js hai
AL ASlend Caglid) Jali ae Adle IS5 e

-SRI Angll (e odli g0 Gladal) ana
Zallal) 2y Aagh abail Gign (AT Aal o
oo il ALl 5aY) dagal)l )
3gmy oMy Allall derall Jaiy (mndl g
o) lpan s ldall by dipl ) 4
G Al sl lae o Fys Gea¥ Lt ddans

Al Gl Al /2 2/ Ala A8 Al
18.025  iSlewy 25 itk 23ey 880g/m” zlile
dniall Gl aae) ¢ Jull mall eoellyy mm
Jidi s o(Aads 13 Agl) daieally ik 12 J5Y)
Front Face Laa¥) il aleY) sl

DBS Gl dale 2 2/ Al A8 milieas
Gl 25 Ja) clih s 500g/m? zlbe
ame) Jul il e cllds 14.025 mm dSlaws
13 dagl)l) dxdeally cddda 12 &0 daiall cilidall
NEA

5509/m” zlabe Sbadl LG dalis 2850 dasia

clhe sl Gy eyl (el sx)
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Cipally daluddl dabll dagoall Wb el

Sy Al T Jpas s Sl

) delia Gl Gl 4 2e Lias 385 milka
clbe Al bl ge e aallly )
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10 (e ddlye ddlag i 25 (e Adlge Analdl fingion ( pagi Aids 35000
Gl Gelaly 4850 30l (e IS po (Riks 75 il aaey ) f (1 Al ilishs
Lall) Legie IS 25 clide 23y (500g/m?) s Gillly (880g/m?) Al
Glia) daslia & diliae dad (5l axi Al dalagl) GLIY) oL Jall) oS Lag (2
2 dia S laalie) (Saly s dpalia) sl AKAT CasSinndISl) cilills

(210g/m?) Ll Gl dids 50 Leluly 8500 milial) sesi o -2
Aaally Al iy Legiliial 5 Cua ¢ (250g/m%) clily Gl ik 50 g
O3 e ganall o ledlati) aa Legild daiagiall 13SiF(550) dasall (e 400
o) cpin mlal 4l zlnuyl oSa Ml o3 duall) Al (alads) digaa
Glilhl degie g8 Laasgd (210, 250) g/m® zldall GLY o
Ak 25 (e Calge Gage g0 QS (Say ) Apaliay bl AKAT (asSiudll)
e cdalal clidag (210g/m?) sl Gl 5 ((250g/m?) bl Gl US o
Sy Angdoal ALYl Adls A0S 880g/M* zle cililll Gl (e 850
(5 Al ) sl Cageal) (il

& (880g/m?) bl Gl ks 25 (eluly 85l miliall desi J-3
dngieal) Aoy A8l gy Legdlfal & G (500g/M?) LS G dakh 25
09 degaadl o ldlatil aa 9SIF(550) +8CF(200)cm dasSall Ayl
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N SN
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