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ABSTRACT

The present work deals with an experimental investigation of the effect of surfacing parameters on
the final quality of large gear surfacing. This gear forms a vital part of the drive train of cement
furnace at the Iraqi Cement Company. The gear is made of DIN CK 45 steel with an analyzed
carbon content of 0.429% and core hardness 185 HV. The gear is considered large, with dimensions
of 490 mm in diameter, 250-mm width and 27 mm module, its weight i1s 350 Kg. The aim of the
present work is to study the possibility of repairing this type of gear using SMAW process.

The gear surface is cleaned by sand blasting, followed by dye penetrate testing for crack detections.
DIN E1-UM350 hardfacing electrode is selected to hardface the gear. This electrode has a nominal
composition (0.08%C, 3.3%Cr, 1%Mn) and a minimum hardness 350 HV. The gear teeth are
surfaced with one, two, and three layers with and without preheating. The preheating temperature is
200 C°, which is, selected according to carbon equivalent of the DIN CK 45 base metal.

Cracks were observed in the weld metals when surfacing with three layers of EI-UM350 electrode.
So, E 8018-Bs, and E 9018-D; are selected to butter the gear surface with one layer, followed by
two layers of E1-UM350 electrode. These low hydrogen electrodes are selected based on their
mechanical properties compared with DIN CK 45 base metal and low hydrogen content which
eliminate hydrogen induced cold cracking. Preheating the gear surface gives good hardness
distribution across the weld, HAZ, and base metals due to reducing the cooling rates and prevents
hard structure to form at the interface region.

A set of destructive and non destructive tests are carried out. Including, tensile, wear, impact,
chemical analysis, metallographic, micro hardness, macro etchent, and dye penetrate tests. Both of
wear and impact resistance of all specimiens is greater than the base metal. All weld deposits of E1-
UMB350 hardfacing electrode gives martensitic structures with different hardnesses depending on
the cooling rates and number of layers. Using of low hydrogen electrodes
(E 8018-By and E 9018-D;) as buttering layers, solve the cracking problem of weld deposits when
surfacing with three layers of E1-UM350 elcctrodes.
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IDENTIFICATION TYPE OF NOISE IN GRAY SCALE IMAGES
: USING WAVELET-NETWORK (WN)

Dr. W. A. Mahmoud H. H. Khalil
College of Engineering — University of Baghdad
Baghdad - Iraq

ABSTRACT

In this paper, Wavelet-Network (WN) model has been recently proposed and applied to image
processing. e.g., identification type of noise in Gray-Scale Images (GSI). This paper develops a new
technique, which employs a Discrete Wavelet Transform (DWT) and an Artificial Neural Network
(ANN). This WN technique uses special mother wavelet gy(xl,xiz) of (DWT) as activation

function for (ANN) instead of the traditional activation functions like (Log sigmoid, Tan sigmoid,
etc). It is shown here that the benefit of WN circuits which uses WN is a good approximation tool
for GSI images. These approximation patterns for images forced ANN to learn on these images
which will be used in the test phase after that. '
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INTRODUCTION

The approximation of general continuos functions by nonlinear networks such discussed in
{T. Poggio. 1990], [K. Hornik, 1989] is very useful for system modeling and identification case.
Such approximation methods can be used, for example, in black-box identification or noise
identilication of nonlinear systems. Function approximation involves estimating (approximating)
the underlying relationship from a given finite input-output data set has been the fundamental
problem for a variety of applications in pattern classification, data mining, signal reconstruction,
and system identification. In this paper, we propose a method to identify five types of noise
(Gaussian, Salt & Pepper, Speckle, Uniform & Random noise which is mixture of tow or more
types of noise). Using WN in this method is just an approximation tool to the noisy images, that’s
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FEATURE EXTRACTION IN ELECTROMYOGRAPHY BY
DIGITAL SIGNAL PROCESSING TECHNIQUES

Dr. Ahmed Ali Sadik
University of Technology

ABSTRACT

Myoelectric signals are the electrical manifestation associated with the movements exerted by the
muscular system in the mamal beings (including the human). Examination of these signals should
reveal the status of the muscles as well as the driving nervous system, This is important in
diagnosis as well as prosthesis for the health of mankind and aids for handicaped . This would not
be possible unless powerful digital processing techniques are available. In this paper, several
techniques are investigated so as to extract the features of the ME signals both in time and
frequency domains. The extracted features are subsequently employed in an automatic diagnostic
classification system to decide whether or not they correspond to a normal muscle
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KEY WORD
Application of digital signal processing in biomedical Engineering .

INTRODUCTION

To determine the characteristic features of the ME signals nonparametric and parametric
processing approaches can be applled. Nonparametric techniques are applied to ME signal
without paying attention to its decomposition as a source and auto-regressive (AR) filter to
determine a set of characteristics. Among these techniques are the evaluation of

the probability denisty function (pdf), mean, variance with their relations to the muscle force,
autocorrelation function (ACF) and spectral domain techniques (FFT) {A.S.88]. Parametric
techniques <are applied starting from decomposing the signal and scparating source parameters
trom lilter related parameters and yield parametric characterization for the filter and the source.
Section 2 is devoted to the nonparametric characterization of the ME signal , mainly through
the.:- FF'T and histogram determination. In section 3, signal decomposition is considered and a
parametric model for the shaping filter la determined, Moreover, the source characteristics are
evaluated. Section 4 considers the problem of automatic diagnosis for voluntary muscular system
disorders,
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Mech, Eng. Dep. Scientific Researcher Assistant Professor
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ABSTRACT

The thermal behavior of an octagonal shell orbiting body in space environments had been simulated
theoretically in the present work, and a simplified experimental test in a thermal vacuum chamber
was also made on half-scale model of the prototype to investigate the problem. A mathematical
model was built and simulated numerically by using lumped system technique and finite difference
control volsme approach with explicit scheme. The body in its orbit around the earth is assumed to
receive solar, albedo and earth radiation heat fluxes. The orbit is circular of (500-Km) height and
(40%) inclination. The developed computational algorithm is capable of calculating the heat fluxes
on body faces and the temperature distribution of the body at any time instant. The results showed
that the albedo and earth heat fluxes are smaller when the orbit is higher. In the side faces, the heat
fluxes are maximum when orbit inclination is minimum, and vice versa, the inverse behavior is true
for the upper and lower faces. The heat fluxes are maximum in winter solstice and minimum in
summer solstice. [f the difference between the emissivity and absorptivity values is low, the body
reaches to synchronous steady state faster. The emissivity is affected more than absorptivity. The
temperatures of faces, which see the earth, are more fluctuated than the other faces. Comparison
between theoretical and experimental resulis showed good agreement.
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EXPERIMENTAL AND THEORETICAL STUDY FOR SEALING
EFFECTS OF SQUEEZ AIR FILM.

Asst .Prof. Hussain Yousif M
College of Engineering
University of Baghdad

ABSTRACT

The sealing effects of squeeze air film were analyzed experimentally and theoretically . The air flow
rale and the sealed pressure were measured in a squeeze face seal. The air flow rate can be
expressed as the difference between the flow rate by the pumping and the flow rate by the leakage.
The air flow rate by the pumping increases proportionally to the square of the vibration amplitude

ol the surface, as does the sealed pressure. The air flow rate by the leakage increases proportionally
to the pressure difference between the vessel pressure and the ambient pressure. The experimental
results showed good agreement with the theoretical results.
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KEY WORD

Sealing effect, Squeeze, Air film, squeeze face seal.

INTRODUCTION

There are very few reports about sealing effects of a squeeze air film, although research findings
pertaining to squeeze films have been reported by various authors, e.g., Salbo [Salbol964] |
Pan{Pan 1967].from different points of view. The pressure distribution between two disks is
reported by Taylor and Saffman [Taylor 1957].

In this paper we deal with gas sealing effects of the squeeze air film. This research is the sequel to a
report [Takadal983] on air flow through the a spherical squeeze air film. The outer gap between two
discs is thicker than the inner gap see in Fig.(1).In this case,air flows outward due to the vibration
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ELASTIC STABILITY OF FRAMES HAVING CONCAVE
TAPERED STRUTS

Prof. Dr. Omar Al-Farouk Al-Damluji Wisam Victor Yossif,
Ph.D, Civil Engineering Department-University of PhD. Student, M.Sc. Civil Engineering Department-
Baghdad, Baghdad, Iraq. University of Baghdad, Baghdad, Iraq,
ABSTRACT

The aesthetic and architectural shapes of the beam-column elements may enhance the elements
strength depending on the maximum and minimum bending moments effect. Therefore, the stability
value of the non-linear taper member in concave configuration may be more efficient than linear
taper or prismatic members.

The modified stability functions will be obtained from the solution of the basic differential
equation, where this basic differential equation depends on the non-linearity factor " A of the
beam-column shape and the shape factor of the cross-sectional area, These two factors, multiplied
by others, produce the modified shape factor, which affects the results of the basic differential
equation solutions.
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INTRODUCTION

Present day demands for economy of materials together with sufficient strength leads to the use of
more slender structural members and thus a greater understanding of the stability behavior becomes
essential. Increasing the second moment of area for each strut, which can very often be
accomplished by increasing the cross-sectional dimensions, can enhance the strength of the
structure.

The increase of depth, width or both dimensions of struts is followed by and associated to the
increase of the subjected bending moment and axial force. The configuration of the struts may be
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STUDY OF PERFORMANCE AND PREDICTION OF HEAT
RELEACE IN COMPRESSION IGNITION ENGIN WORKING ON
ETHYL ALCOHOL AND GAS-OIL SOLUTION

Dr. Yasin K. Salman Dr. M A. Abdul-Hadi ABDUL-kahdim M. H.

Mech. Eng. Dept Mech. Eng. Dept.
College of engineering University of technology
University of Baghdad

ABSTRACT

The effect of using solutions of ethanol and gas-oil (duel fuel) to fuel the diesel engine on engine
performance and heat release have been studied experimentally . A single cylinder diesel engine
type Recardo (E6/US) was used and the ethanol percentage in the solution was varied from 0 to 20
percent. The results showed that, in general, addition of ethanol to gas-oil cause the maximum
power output to decrease at medium and high range of speed and it was nearly the same as that of
the straight gas —oil at low speed ranges . The specific fuel consumption of the dual is nearly the
same as that of straight gas-oil at low and medium ranges of load. But at high ranges of load the
specific fuel consumption was increase. In general , the addition of ethanol to gas-oil cause the
maximum rate of heat release to increase during the first stage of combustion and decrease during
the second stage of combustion. Further substitution of gas-oil with ethanol(higher than 20 percent)
was limited by knock. .
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THE EFFECT OF SELF -EQUILIBRATING STRESSES ON
THE NATURAL FREQUENCIES OF ELASTICALLY
*  RESTRAINED RECTANGULAR PLATE

Albert E. Yousil Shakir Al-Samarral ASalam Al-Ammri
Professor of Mechanical Assistan Prolessor of Mechanical Asszistant Professor of
Engineering, College of Engineering, College of Mechatrenics , Al-Khawarzimi
Engincering, Al-Mahrain Engincerng. University of Cuollege of Engineering,

Universily Baghdad Universily of Baghdoad
ABSTRAC

An investigation has been made inte the effect of restdual siresses on the vibration, charactenstics
of thin rectangular plates clastically restmimed agains) rotztion along three edges and tree on the
fourth edge .General frequency eguation with and without including the effect of residual stresses
has been oblained, Exact [reguency expressions including the elTect of residual stresses for the
cases: §-5-5-F,5-5-C-F.C-C-5-F.C-5-5-F. C-5-C-F.C-C-C-F were alse obtained. The effect of the
position of welding along the width of the plaic for all cases was also included. Actual plate models
were testea”and the results were compared with the theoretical predictions giving pood agreement.
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INTRODUCTION

fatigue life, Residual siresses are induced o each stage of the e cvele in most engineering
components, ffom orginal malerial production 1o Gnal disposal. Residual stresses are created by
welding, forging, casting. relling, machinieg. surface tecwtment ad he trcatmeent. Reside!
stresses are important in distortion, corrosion resistance, dimensional stability and brittle fracture,
Compressive stress increases both fatigue strength and resislance o stress-corrosion cracking, but
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"ELECTRONIC COMMERCE ON THE INTERNET
FACING THE NEW MEDIA

Dr. Suha Mohammed Hadj
Baghdad University,
College of Al-Khwarizmi Engineering,
Department of Information Engineering

ABSTRACT

This paper will be present the suceess of using the World Wide Web as a platform for electronic
commerce and explain the necessary security mechanisms for it, Also we will propose a new
approach dealing with pre and post sales support activities by using the electronic media as integral
and very important parts of the business process that can be implemented to our Iraqi small and
medium enterprises.
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KEY WORD
Electronic ¢ommerce, WWW. Internet, Pre-Sales activity, Post-Sales activity, EC security.

INTRODUCTION

The Internet as an infrastructure for electronic commerce was recognized some years ago and some
successful experiments have been carried out so far. The first experiments were simple nowadays;
however, we face large and serious market trials of electronic commerce on the Internet
(Justyna L., 2001). Many companies are taking this into account, but the Internet still has some
unsolved problems preventing companies from adopting electronic commerce on such an
infrastructure,

The trends in the development of Internet application are directed towards enabling secure and
reliable commerce, companied by all other business activities. One of the most effective platform is
the World Wide Web (WWwW ), which is based on hyperlinks of documents and information servers.
Some security mechanisms were added to the WWW services and thus, in addition to other security
measures to enabled the successful start of electronic commerce. Now a days many companies are
aware of the possibilities the Internat provide but they are afraid to use it as a medium for doing
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DIGITAL TECHNOLOGY IN PHOTOGRAMMETRY

Fanar Mansour
University of BaghdadiCollege of Engincering/Dept.ol Surveying

ABSTRACT

One of the major advaniages of digital photogrammetry is the potential to automate production
processes  efficiently. thus substantially improving the price | performance ratio for
photogrammetric products. Image processing and computer vision technigques have successfully
been emploved for facilitating automated procedures in digital aerial images such as interior
orientation, relative orientation. point transfer in photogrammetric block trianguiation, and the
generation of DTM 5.

In this paper, the researcher presents her investigations on a digital serial iriangulation of a block
consists of two strips of cight acrial pholographs. Digital imae data scanned with a resolution of 400
dpi, this gives pixel size of 63.5 g {corresponding to 0.1%m greund resolution. Each one of the
eight black-and-white overlapped acrial photograph that have been used in this research has a photo
scale equal approximately to 13000, The measurements were carried out wsing Pentium I
personal computer with processor (CPL) 733MH,128MB memory and 20GB haed disk. All
observations were later adjusted in bundle adjusirment program (jadria) that has been written by the
researcher hersell.

The goal of this research is building a digital acria! triangvlation package to be the first trial of
digital aenasl triangulation in Iragr Unmiversites
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GLOBAL BUCKLING LOAD OF STEEL COLUMNS
STRENGTHENED BY FIBER REINFORCED POLYMER

Abbas Abdel-Majid Allawi
Assistant Lecturer
Engineering College, Baghdad University

ABSTRACT

The need for strengthening structural members is well known and research is progressing in this
field. In recent years the use of fiber reinforced polymers (FRP) for strengthening has shown 1o be o
efficient method both regarding structural performance and economical aspects. However, most of
the research in this Iield has been undertaken on concrete of old and damaged structures and for
flexural and shear strengthening. So, this paper presents axially loaded steel columns strengthened
for inoreased load capacity and improved stsbility. The topic is studied theoretically. The theory
covers analytical method, and a numerical fnite clements (FE) analvsis. Different types of most
commaon commercial FRP syslems have been examined and used in this study.
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KEY WORDS
Buckling load, FRP, stability, steel column. strengehening.

INTRODUCTION

Columns are the most important members in a stractural system, Slender columns subjected to
compression should be designed 1o carry the load requirement without failing by vielding or
instabihty, i.c. buckling. However, for cases of changing, for example due to increased loads or
change m use, it is required to improve the load capacity. In addition, structures may be affected by
aceadents, I the function of a structure becomes inadequate by one of the above reasons, it might be
possible to keep it in service by repairing or strengthening. It should be determined whether it is
more economical in strengthening e structure compared (o replacement.

If' a steel c+lumn that subjected to compression needs to be strengthened, many methods exist. For
example, extra sleel sections can be welded or holted 1o the column, but sometimes this method is
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ESTIMATION OF THE LIFE OF THICK CYLINDER SUBJECTED
TO INTERNAL PRESSURE WITH MANUFACTURING CRACKS

USING J-INTEGRAL METHOD
Dr. Adnan. N. Jamel Dr. Imad. A. Husain B.Sc. Akeel A. Abtan
Baghdad University Saddam University Mechanical Engineering
College of Engineering College of Engineering
Mechanical Engineering Mechanical Engineering Department
Department
ABSTRACT

Cracks may appear in structures due to manufacturing processes and some time are appeared in the
structure product from casting, these struetures may be used but in the life less than the design life
according to crack propagation on it.

In this research a thick cylinder has one crack or more is investigated to estimate the life under
pulsation internal pressure. Finite element method with J-integral approach has been used to
evaluate the numerical strain energy release rate (I) for the thick cylinder and the stress intensity
factor (SIF

J-integral method is most accurate method to evaluate the SIF for the elastic-plastic materiel by
considering the local plastic zone near crack ap.

Software developed using the FEM: J-integral; SIF and Paris formula to estimate ‘the life of the
component 1s presented with many working examples. :
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KEY WORDS
Fatigue, crack, fracture mechanics, J -integral, stress intensity factor, finite element method.

INTRODUCTION
Mechanical failures have caused many injuries and much financial loss. Fatigue has accounted for
many of these mechanical failures; most of these are unexpected fractures.
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EFFECT OF LOADS ON THE STABILITY OF COHESIVE
SLOPES IN UNDRAINED CONDITION

Dr. Mosa J. Al-Mosawe Dr. Mohammed Yousif Fattah
Professor of Civil Engineering, Head of Lecturer, Building and Construction Eng.
University of Baghdad Department, University of Technology

ABSTRACT

The undrained stability of cohesive slopes (¢, = 0) subjected to surcharge loads is studied in this
paper. Problems of this kind are involved in structures rapidly built near the crest of cohesive slopes
and heavy equipment (e.g. draglines, buldozers and railways) move on slope. Using the non-linear
finite element method, the effects of line loads and wniformly distributed loads are studied and the
distribution of stresses under these loads is examined. The value of Per (critical line load) required
equating the driving and resisting moments for a unit length of the slope was computed using the
computer program. The process was repeated until a minimum Per was obtained.
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INTRODUCTION
Despite its widespread use, the limit equilibrium stability analysis method is subjected to several
theoretical shortcomings. This led to the development of the finite element method of stability
analysis which eliminates most of the limitations found in limit equilibrium methods. Theoretical
objections that apply in general to all limit equilibrium analysis methods, either total or effective
stress, have been reported by Wright et al. (1973). These methods also have a number of common
characteristics, (Adikari and Cummins, 1985).

Conventional methods of stability analysis are restricted to two-dimensional (plane strain) mode of
failure. Baligh and Azzouz (1975 and 1977) studied two and three-dimensional effects on the
stability of cohesive slopes and presented the effect of line loads in the form of charts and
considered three-dimensional analysis for line loads of finite length
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THE ROLE OF MEMBRANE ACTION IN LOAD TEST

. Al-Rawi, Riyadh Shafiq Athuraia, Kanaan Sliwo
College of Engineering University of Dohuk

Civil Engineering Department College of Engineering Civil Engineering
University of Baghdad Department

ABSTRACT :

Most of the structures subjected to load tests had successfully passed it, although some of them had
failed in cube and core tests. It is believed that membrane action may be the most important factor
that made them do so. In the present study, an attempt is made to study the effect of membrane
action on load test results.

In this study, two space (3-D) model frames, nine panels (3x3), [consisted of rafts, columns, beams
and slabs] were prepared for load test.

The results show the positive role of the membrane action especially with camber beams and slabs
in successful passing of the load test. Also there is enhancement in the deflection behavior of
camber members compared with straight members,

-

ADAY
b lid Ll e ae ) e orlaty il liad Jseatl wasndl lpay a0 o0y Al clinall alaes
Lgdany (o deaal Y Lol 58 Sl (e Ll dadll o el 2y Gl el s ad
et pand il e ALY Jadll 8l Al caa A el dgllall 2 ) & el o

(s 4S04 (3%3) el Al I3 1 AEDE JSLl (e pin gt Aiggs & llall Bl 0l s
‘ oty e dasel (5 man (il

s (Amaaall) du il 5 il 35m 5 pe Aaldy JL8RY Jeill ) sl gl cay
Aassiall 1300 Gl oaty) st el 3 cpuad flin QS L Jreat) pandd zall Slaayl Y
Aagivall el 3291 e 45 8a1L

KEY WORDS
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INTRODUCTION

If there is doubt concerning load-carrying capacity of a part or all of a structure, a strength
evaluation shall be carried out. The National Center for Constructional Laboratories (NCCL)
( Ministry, 2000) indicates that the types of tests applied for strength evaluation are
(Collapse + load test, Load test, Cores test, Pullout test, Ultrasonic Pulse
velocity test and Rebound test).

Load test is used when there is inconsistency with code requirements (design, construction). There
are two types ( Ministry, 2000) of load tests:
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DESIGN OF A PERCOLATOR FOR AQUA-AMMONIA LIQUID

Mikdam M. Saleh Ali S, Bagir
Nuclear Engineering Department, Baghdad
University, Baghdad, Irag

ABSTRACT

A new design concept for a percolator is developed which combine the simultaneous production of
ammonia vapor plus the pumping of weak aqua ammonia liquid. The steady state design was based
on a balance between the hydrostatic driving head and the total single and two-phase pressure losses
in the percolator system. To accomplish this, the results from modeling of the driving pressure and
pressure losses, using the separated flow and drift flux methods were compared with the
experimental measurements. The Chisholm's model was the best in predicting the measured flow
rate versus water level for first stage with a maximum standard deviation of = 10.1% and was
adopted for the theoretical calculations. Parametric design studies that include the cooling power
and the strong solution level, inner tube diameter and height for each stage of the percolator were
carried out to maximize suitable cost function. The results of the optimization gave a two stage
percolator of length 280 mm, inner diameter 5.5 mm for first stage and length 520 mm, inner
diameter 5.5 mm for second stage.
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REDUCTION OF FORMATION DAMAGE DUE TO DRILLING
MUDS

Prof. Dr. Akram H. Al-Hitti  Prof. Dr. Samir A. Al-Assaf Mr. Dhorgham S, Abrahim
Baghdad University
Engineering College
Petroleum Engineering Department

ABSTRACT

An experimental study has been carried out to investigate the possible reduction of formation
damage that is result from drilling muds. This was accomplished through making a bridging system
with different barite additions 70, 140, 200, 280 1b/bbl to fresh water mud. This bridging system
creates an effective sealing of impermeable filter cake, thereby inhibiting continual losses of small
solids and mud filtrate into the formation. _

The study indicates that all the muds, which were used, have the ability to damage the petrophysical
properties of formation, but some additives to mud reduce the damage in petrophysical properties,
In addition, it is found that minimum permeability damage can be obtained when the particles of
drilling mud are larger than the pore size of formation because no internal mud cake is created.
Finally, the relationship between the pore size distribution of the core samples and particle size
distribution of drilling muds becomes betier and the impairment is reduced, when the particle size
distribution in the mud is matched to the pore entry size distribution within the rock; so that each
pore entry could be bridged as permitted by the particular fluid flow rate involved.
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THE RELATIONSHIP BETWEEN IDENTITY AND CREATIVITY
IN ARCHITECTURE
ANALYTICAL VIEW ACCORDING TO THE DEMAND OF
ACCQUIRING THE IDENTITY IN CONTEMPORARY IRAQI
ARCHITECTURE.

Dr. GhadaM .Razzouqi
Assistant Prof.
Department of Architecture College of Engineering.
University of Baghdad
ABSTRACT
The rescarch discusses the relationship between “Identity” as a concept giving the impression of
“Uinchangability™. and the concept of “Creativity” giving the Impression of “newness™.
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FLEXURAL BEHAVIOUR OF REED REINFORCED
CONCRETE

Prof.Z.A. RAOUF M. NADA MAHDI
College of Eng.
Univ. of Baghdad

ABSTRACT

The paper presents further experimental results on the behaviour of reed reinforced concrete joists
in flexure. The experiments include the determination of elastic modulus of reeds by pluse velocity
method , also additional results are presented on the tensile strength, density, ductility and
toughness indices. The results include the effect of asphaltic emulsion paints (Flinkote) on flexural
properties. The aim of the work is to develop the uses of reeds in low cost housing due to its low
cost and its availability in immense quantities.
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INTRODUCTION

Gears are vital parts of most pieces of machinery. The techniques for a wide range of gear repair are

described below: '

1- Using powder welding process to give a wear resistance layer for teeth surface
[C.cookson, 1976, 1977, 1979, C.J .Pelser 1978).

2- surfacing the gear teeth by submerged arc welding using low carbon low alloy steel electrodes
followed by case hardening ( flame hardening or carbo- nitriding depending on the chemical
composition of the base metal),[ www.retechbg.com, 2001].

In this work, a suitable rebuilding and hardfacing electrodes were selected for gear repair in order to

eliminate the subsequent case hardening process (flame hardening and carbo-nitriding) or powder

welding process.
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EXPERIMENTAL WELDING SEQUENCE

The basic principles incorporated should help to meet almost any gear repair. Gear surfacing is
neither mysterious not complicated if the instructions and recommendations are followed explicitly.
The experimental welding sequence used in this research breaks down into five steps:

1-  Selection of the base metal of the gear.

2- Selection of hardfacing electrode.

3- Selection of buttering and rebuilding electrodes.

4- Determination of preheating temperature.

5- Experimental surfacing conditions:

SURFACING PROCEDURE:

The steel gear which has the dimensions shown in Table (1) is surfaced with E1UM-350 electrode

having standard chemical composition shown in Table (2). Preheating temperature was selected,

200° C, based on carbon equivalent of the base metal. Table (3) indicates the preheating

temperature for different types of steel. To prevent cracking, a buffer layers were used before

hardfacing especially for high carbon and alloy contents. Table (4) indicates the buffering layers

used for different types of steel.

Ten specimens of teeth were surfaced with different electrodes with or without preheating as shown

below:

1-  Surfacing specimen 1 with one layer using E1-UM-350 electrode without preheating.

2-  Surfacing specimen 2 with two-layer using E1-UM-350 electrode without preheating.

3- Surfacing specimen 3 with one layer using E1-UM-350 electrode with preheating.

4-  Surfacing specimen 4 with two-layer using E1-UM-350 electrode with preheating.

5- Surfacing specimen 5 with one layer of buttering electrode E80180-B; followed by two layer of
E1-UM-350 electrode without preheating.

6~ Surfacing specimen 6 with one layer of buttering electrode E90180-D; followed by two layer of
E1-UM-350 electrode without preheating.

7-  Surfacing specimen 7 with one layer of buttering electrode £80180-B, followed by two layer of
E1-UM-350 electrode with preheating.

8- Surfacing specimen 8 with one layer of buttering electrode E90180-D; followed by two layers
of E1-UM-350 electrodes with preheating.

9- Surfacing specimen 9 with three layers of E1-UM-350 electrode without preheating.

10- Surfacing specimen 10 with three layers of E1-UM-350 electrode with preheating.

EXAMINATION AND TESTING

Different apparatuses and tools were used in non-destructive and destructive (static and dynamic)
testing in order to evaluate the metallurgical and mechanical properties for surfaced areas and from
these were:

- Chemical analysis: chemical analysis was carried out for all specimens including weld and base
metals

- Metallographic testing: metallographic testing was carried out for base, HAZ, and weld metals

- Visual and macro-etchent testing: the purpose of this test is to determine the thickness of
surfacing layers,

- Liquid-penetrate testing: entire area of the teeth was tested using dye penetrate technique

- Tensile testing: both base metal and buttering electrodes were tested in order to investigate the
suitability of these electrodes for buttering this type of steel.

- Micro-hardness testing: threc areas was selected for this test, which are, root, contact, and
profile areas

- Impact testing: charpy impact test was carried out for specimens having the dimensions shown
in Fig. (2)
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- Wear testing: the evaluations of wear resistance based on determining volume loss of standard
specimens having the dimensions shown in Fig. (3).

RESULTS AND DISCUSSIONS

Chemical Analvsis

It has shown from Table (5) that the carbon content (C%) in base metal (CK45) was (0.423). After
surfacing, the migration of carbon from high concentration area to low concentration area has done.
This is appear clearly in Table (6), when surfacing with one layer as in the specimen 1&3 with
carbon content (0.152&0.167) respectively. When surfacing with two and three layers, the dilution
between the base and weld metals was reduced. The carbon content of two layers was varied from
(0.126 to 0.131) for specimen 2&4. Also for three layers the content was varied from
(0.042 to (.077) for specimen 9&10. Using buttering technique also reduced the carbon content
because the buttering electrodes have a low carbon as shown in the Table (7), which shows the
chemical composition of buttering electrodes.

The carbon content was varied from (0.057 to 0.071) for specimen 5&7 and from 0.058 to 0.069 for
specimen 6&8, respestively. The standard percentage of chromium in hardfacing electrode was
(3.3) and this percentage may be considered as a sufficient amount of chromium to give a
martensitic structure on the surface.

It is known that the chromium is o stabilizer, so gives solid solution strengthening. In addition
chromium increasing hardenability of steel by reducing the critical cooling rate of transformation.
The minimum chromium content was (2.21) for specimen 3 and the maximum content was (4.07)
for specimen 9. In general the amount of chromium in specimen 5&7 is greater than specimen 6&8
because chromium molybdenum electrode (E8018-B5) was used as buttering electrode.

The third important element was manganese, which is y stabilizer, increases hardenability by
reducing critical cooling rate of transformation and increases the toughness of the welds metal. The
table shows that the content of manganese, for all specimens, are greater than (1%), which
represents the minimum value of standard chemical composition of E1-UM-350 hardfacing
electrode. The manganese content was varied from minimum value (1.001) of specimen 7 to
maximum value (1.407) of specimen 9. As in the chromium, the manganese content in the specimen
6&8 is greater than specimen 5&7, because the manganese molybdenum-buttering electrode
(E9018-D,) was used as buttering electrode.

Metallographic Testing

Within each composition examined, the description of the microstructures for both weld deposit and

heat affected zone is shown in Fig. (4) as follows:

I- Surfacing with one layer (specimens 1&3): etching 2% nital revealed a ferrite plus pearlite for
base metal [a.], martensitic structure for specimen 1 [c.] and martensitic structure with small
amount of ferrite for specimen 3 [g.] in the interface zone while the martensitic structures were
observed in the weld metal deposit [b. and 1.].

2- Surfacing with two layers (specimens 2&4): in two layers surfacing, the immediately second
layer reheat pat of the weld deposit and HAZ metals and thus produce grain refinement. The
interface regions for specimen 2 consist of ferrite, fine pearlite and martensite[e.] while specimen
4 consis: of territe plus pearlite [i.] due to effects of both preheating and subsequent second
layer. Again, martensitic structures were observed in weld deposit for both specimens [d. and h.].

3- Surfacing with two layers using buttering (specimens 5, 6, 7 and 8): using of buttering electrodes
(E8018-B; and E9018-D) gives scveral advantages and from these preventing cracking from
formation and forming ductile structure consisting of ferrite plus fine pearlite. The interface
region for specimens 5 and 6 consist of ferrite plus pearlite with small amount of martensite [k.
and n.]. Ferrite plus pearlite is the structure of interface region for specimens 7 and 8 [q. and t.]

4
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due to preheating and subsequent layers. Martensitic structures were observed for all four
specimens, 5, 6, 7 and 8, [j, m., p.,, and s.]. The microstructure of buttering electrodes for
specimens 5, 6, 7 and 8 was ferrite plus pearlite [1., o., 1., and u.]. As shown from these figures,
the pearlite of specimens 5 and 6 is finer than that of specimens 7 and 8 due preheating to give
more time to pearlite to coarsening. Moreover, the subsequent hardfacing layers give refining to
buttering layers. The alloying elements, which E8018-B, and E9018-D; consist of them, improve
hardenability and producing a strong and tough acicular ferrite microstructure. Another benefit
of buttering electrodes comes from its ability to prevent cracking in weld metal which observed
when surfacing with three layers [z.]. This ability of preventing crack formation explained by
low hydrogen content of these electrodes (E8018-B; and E9018-D,) which prevent HICC
(hydrogen induced cold cracking), in addition to formation a ductile structure (ferrite plus
pearlite),

4- Surfacing with three layers (specimens 9 and 10): the microstructure of the interface region of
specimen 9, consist of martensite and small amount of ferrite [w.] while the interface region of
specimen 10 consist of ferrite plus pearlite [v.]. Martensitic structures were observed for both
specimen 9 and 10 [v. and x. .

HICC was observed in the weld metal {z.] and the rcasons for this type of crack are:

a- A crack- sensitive microstructure, usually martensitic as in this case.

i

b- Sufficient hydrogen concentration in the weld as in surfacing with three layers.

Liquid Penetrate Results

The surface of the gear teeth was tested using instructions of the manufacturer. There are no cracks
detected on the surface of the gear teeth except specimens 9&10, which they show cracks on the
face of the gear teeth. These cracks are also detected by both macro and micro examinations.

Testing Of Base Metal Of The Gear And Butterine Electrodes

Analysis of the gear material reveals it was a medium carbon steel as shown from table (5), which is
similar to DIN CK45 steel. Testing of this base metal also showed mechanical properties typical of
the aforementioned specification. The buttering and rebuilding low alloy steel electrodes
(E8018-B, and E9018-D;) showed the tensile properties in the range of standard mechanical
properties of DIN CK45 gear material. As shown from the Tables (5 & 7). both of E8018-B, and
E9018-D alectrodes are very suitable for rebuilding and buttering this type of steel (DIN CK45)
from mechanical properties hand.

Macro Etchent Results

Table (8) shows the dimensions of deposit metal for each specimen in addition to preheating
temperature. It has shown that the thickness of weld deposit with two and three layers does not
equal to double or triple the thickness of weld deposit with one layer. The reason belongs to dilution
occurring between the layers.

Micro Hardness Results

It has seen from Fig. (5) that the maximum hardness of the surface of base metal is 350 HV [a] at
root area. The figures of hardness distribution show the variation of the micro hardness at the
surface and in the HAZ in relation to the condition of hardfacing conditions. It seen from figure that
maximum micro hardness is measured at the interface region (426 HV) in the specimen 1. While
weld deposits of specimens 1 and 3, have a micro hardness (413 & 396 HV), respectively [b.]. The
interface region of specimen 3 has a micro hardness of 378 HV, which is lower than that of
specimen 1. When surfacing with two layers, the micro hardness of weld and interface regions are
reduced. As seen from figure that micro hardness of specimens 2 and 4 are 368 and 358 HV for
weld deposit and 309 &254 for the interface region [c.].

5
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In the same figure [d.] and [e.] show the hardness distribution of root area of specimens 5, 6, 7,
and 8 respectively. The weld deposits of these specimens have a micro hardness 372, 389, 363, 313
and that for the interface region are 309, 288, 223, 221, respectively. The average hardness of
buttering layers (specimens 3, 6, 7, &8) are 236, 234, 208, and 206, respectively. .

The weld deposits of specimens 9&10, when surfacing with three layers, have a micro hardness 410
and 407 HV [£.], which are higher than specimens 2, 4, 5, 6, 7, and 8 and similar to specimens 1&3.
The micro hardness at the interface region for both the specimens is 321 and 257 HV, respectively.
In general, the micro hardness’s of all specimens in the root area are higher than that of contact
area, [g., h., 1., j., and k., because the two areas have a different thicknesses and this factor
(thickness) is reflected on the micro hardness’s of these areas.

Also, figures [1. and m.] show the micto hardness distribution across the profile area of the tooth for
all specimens. It has seen from these figures that the micro hardness varies with the thickness of the
teeth. As the thickness of the teeth decreases from the root to the tip, the micro hardness is
decreases also.

From the all of the mentioned above, important point must be discussed here, which is the factors
influencing hardness in hardfacing. The hardness developed in weld deposits “as-welded” vary
according to the following principal factors:

1- Pretreatment such as preheating.

2- Admixture of the base metal with weld deposit (dilution).

3- Rate of couling: mass and thickness of the object acts upon the rate of cooling.

Impact test results

Table (9) shows the results of this test. It has been shown from this table that minimum impact
value of the weld deposit was 36 J (specimen 1) when surfacing with one layer. When surfacing
with two layers, the impact value raised to 43 J. preheating the teeth surface to 200° C, increase the
impact value from 36 I (specimen 1) to 38 J (specimen 3) and from 43 J (specimen 2) to 47 J
(specimen 4).

Using buttering technique gives good enhancement to impact values when using E8018-B; and
E9018-D; electrodes as buttering layers. As indicated in the table, the impact values were raised
when using buttering in which specimens 5 and 6 gives an impact values 49 Jand 51 J.

Again using preheating, raises the impact values to 56 1 (specimen 7) and 58 J (specimen 8)
respectively. Thesc values represent the maximum values for all cases. The impact values of
specimens 9 and 10 are similar to that of specimens 2 and 4.

From the mentioned above, obtaining good weld metal toughness via microstructure control,
through optimization of weld chemistry and cooling rate, by means of consumable selection and
right weld procedures, respectively.

Wear Test Result

Table (10) shows the result of wear test. It has seen from the table that the lowest volume loss
(greater wear resistance) was recorded for specimen 1 (0.451 mm’) and specimen 9 (0.473 mm®)
and the larger volume loss (lower wear resistance) was recorded for specimen 4 (0.691 mm’) and
specimen 7 (0.652 mm?’).

In general, the wear resistance in this research of all specimens was varied with its hardness i.e. as
the hardness increases, the wear resistance increases also. It has shown from Table (6) that the
specimens 1 &3 have higher carbon content and this reflected on both their hardness and wear
resistance, because carben contents affected the matrix hardness.

Finally, it should be remembered that hardness is not necessarily an indication of wear resistance.
As in specimen 9&10, which have higher hardness than other specimen and good wear resistance
but these hard deposits were prone to hydrogen, induced cold cracking.
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Fig. (4) Microstructure of weld and Haz metals, x 250
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Table (1)

Dimensions of DIN CK45 Steel

Outer diameter =490mm

Inner diameter = 368.5 mm

Pitch diameter = 436mm

Module = 27mm

Shaft diameter to be assembled =170mm

The width of gear teeth = 250mm

Root thickness of teeth =50 mm

Tip thickness of teeth =18mm

Table (2) Standard chemical composition of EIUM- 350

Preheat 1s optional

0.451t0 0.6

90

to 200 C°

Over 0.6

Base material

00 o 350 C°

2

Table (4) Types of weld metal

used as buffer layer

Bufler layer;./blﬁ ld u}:; -i.“:":

Ordinary steel; cast steel: low
Alloyed stec)

L.ow alloyed/low carbon

High carbon steel; tool steel

Austenitic or Austenitic/ferritic
stainless

14% Manganese steel

ST

b tre L _

14

Austenitic stainless or Austenitic
manganese
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Table (5) standard and experimental chemical composition and mechanical properties of DIN CK
45 Steel gear

 Standard chemical composition analysis. -

. Material type |

S1%

5%

P%

Mn%

0-0.4

0.035 -

0.035

0.5-0.8

Ni%

Fe%

0-0.4

Balance

Exp

erimental chemical analysis -

S1%0

S%

P%

Mn%

0.3973

0.012

0.035

0.6265

Ni%

Fe%

0.1779

_ Standard mechanical properties
ou oy

590-710 MPa >=355 MPa

Experimental mechanical propertles

Balance

El%
18%

Gu oY El%

386 MPa

638 MPa 18.5%

Tabie(G) Weld metal 001npc>51t1011 :
Chemwal compos:tlon oj weld metals in wgt % ;

) tSi S P Mn Ni Cr Mo V Cu W Ti Sn Co Nb Zr Zn

0.152 0.25 0.018 0.011 1.083 0.069 2.48 0.024 0.017 0.045 0.003 0.008 0.009 0.012 0.006 0.003 0.003

0.126 0.29 0.020 0.014 1.151 0.059 3.54 0.025 0.018 0.04] 0.005 0.006 0.014 0.011 0.006 0.004 0.003

r! 0.167 0.27 0.017 0.019 1.051 0.036 2.21 0.022 0.026 0.021 0.004 0.008 0.011 0.013 0.009 0.003 0.006

|| 0.1310.290.018 0.022 1.110 0.060 3.29 0.022 0.026 0.046 0.007 0.010 0.010 0.013 0.009 0.001 0.007

0.0570.21 0.018 0.012 1.009 0.032 3.58 0.053 0.020 0.028 0.005 0.007 0.008 0.009 0.006 0.003 0.006

0.058 0.21 0.0150.018 1.201 0.048 3.24 0.024 0.027 0.029 0.006 0.014 0.015 0.014 0.009 0.003 0.006

! 0.071 0.24 0.017 0.020 1.001 0.048 3.51 0.075 0.027 0.021 0.006 0.015 0.011 0.012 0.008 0.003 0.005

- 0.069 6.25 0.018 0.021 1.157 0.035 3.16 0.069 0.026 0.022 0.005 0.011 0.007 0.013 0.009 0.003 0.004

0.042 0.38 0.021 0.028 1.407 0.025 4.07 0.033 0.031 0.018 0.007 0.012 0.009 0.012 0.012 0.002 0.005

0.077 0.30 0.017 0.023 1.166 0.042 3.69 0.022 0.028 0.026 0.007 0.009 0.013 0.012 0.010 0.002 0.005
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Table (7) Standard and experimental chemical composition and mechanical properties of rebuilding
and buttering clectrodes (E8018-B; and E9018-D))

Electrode - -

Standard chemical composition analysis

type _
Pl C%. | Si% S% P% Mn%
.12 0.8 0.04 0.03 0.9
Mo% | Ni% V% Fe%
a7
e L Wi W
i Experimental chemical analysm A
C% S1% Mn%o Cr% Ni% Mo% Cu%
0.095 0.66 0.08 1.35 0.06 0.58 0.021
Co% Al% Nb% Ti% V% W% Fe%
A s 0.0001 | 0.001 | 0013 | 001 | 0.011 | 0.012 | Balance
E 8018-B, Standard mechanical properties (min. values): =
ou ‘ oy El%
550 Mpa 460 MPa 19
Experimental mechanical properties - " .
ou oy El%
623 MPa 474 20 o

Standard chemical composition.

Cr%

1o

C% Si% S% P% Mn%
0.12 0.8 0.03 0.03 1.25-1.75 =
Ni% Mo% V% Fe%
- | %%fs - Balance
Experimental chemical composition. s
C% | Si% | Mo% | Ci% | Ni% | Mo% Cu%
0.089 0.72 1.56 1-0.02 0.04 0.39 0.032
Co % Al% | Nb% Ti% V% W% Fe%
0.0002 | 0.003 | 0.009 | 0.03 | 0.021 | 0.009 Balance
- Standard Mechanical properties (min. values) =~ 7
cu oy %E]
620 MPa 530 MPa 17
- Experimental Mechanical propertles S
cu ay %EL
651 MPa 537 MPa 18
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Table (8) Dimensions of surfacing layers

Ol | A | Wl M
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CONCLUSIONS

In the process and power generation industries, down time of mechanical equipment means increase

costs and lost revenue, thus the minimization of down time is a major priority. In addition, the

increased costs of the replacement have become a major part of plant maintenance budgets, which
are under very close scrutiny, This research shows the technical feasibility of DIN CK 45 spur gear
repair using shielded metal arc welding (SMAW).

The results, based on the investigations, confirm the effect of surfacing parameters on the

metallurgical and mechanical properties of E1UM-350, E 8018-B,, and E 9018-D deposit metals

used for surfacing DIN CK 45 steel gear, validates the following conclusions:

1- DIN CK 45 spur gear can be hardfaced with DIN E1-UM350 electrodes.

2- It is essentially to preheat the gear surface to 200 C° for this type of steel.

3- Wear resistance of all specimens is greater than the base metal.

4- Impact resistance of all specimens is greater than the base metal.

5- The considerable increase in the micro hardness at the interface region, especially specimenl, is
a result of austenite to martensite transformation.

6- Surfacing with two-layer gives self-tempering in the HAZ area especially with preheating.

7- The cracks have been shown in the weld metal when surfacing with three layers and the reason
may be accumulate of hydrogen gas in the weld metal and give HICC when the weld metal has
been solidified.

8- It possible to butter and rebuild this type of steel gear by E 8018-B; and E 9018-D; electrodes,
followed by two layers of E1-UM350.

9- 9. Using of low hydrogen electrodes such as E8018-B2 and E9018-D1, as rebuilding and
buttering layers, treat the problem of cracking of weld metal that has been mentioned above.
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