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Editorial Note

As my nomination as an Subject Expert and Eddottis Special Issue on Engineering
& Technology 2012, | have worked a lot to maksutcessful. | do whatever task is at hand to
the best of my ability. | take pride in my work agive hundred percent every time. For those
submissions that were not suitable for publicatiwa,tried to let authors know very quickly of
our decision, giving them a chance to submit thenuscript to another journal if they so desire.
| am fully aware that the prestige and quality af ANVIKSHIKI Journal depends upon the
altruistic participation of reviewers and the faiss and promptness with which the review
process is conducted. In this regard, | wish foress my sincere gratitude to all board members
for their nice cooperation and sustained effortwieeer, because of the increased number of
submissions and the diversity of research field®lwred, we have a difficult task ahead of us
requiring a more rapid tempo of review. At the samee, from now on the authors themselves
should assume their own inescapable responsibiliide editor will return immediately any
manuscript that is incomprehensible to reviewersagsoount of substandard grammar and
syntax.

Finally, it is a pleasure to thank my Editor inehior their nice cooperation and valuable
suggestion. Now, we all look forward to embarkingaijourney that can take ANVIKSHIKIn
to the next plateau of excellence.

| hope you will enjoy reading this issue and weaseate your feedback .

With best regards

T, ¢ ]
—ffie ) S fragove

Jyoti Prakash
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Introducing ““Global Journal of Engineering and Technology”

Dear Colleague,

Global Journal of Engineering and Technology Research (GJET) is a multidisciplinary peer-reviewed journal
published six monthly by mpasvo Journals (http://www.onlineijra.com/gjet ). GJET is dedicated to increasing the

depth of the subject across disciplines with the ultimate aim of expanding knowledge of the subject.

Call for Papers

GJET will cover all areas of the subject. The jalnelcomes the submission of manuscripts that tieegeneral
criteria of significance and scientific excellene@d will publish:Original articles in basic and applied research
Case studigsCritical reviews, surveys, opinions, commentariex] &essays.We invite you to submit your
manuscript(s) tananeeshashukla76@r ediffmail.com for publication in the six Monthly Issue. Our ebjive is to
inform authors of the decision on their manuscsiptfithin eight weeks of submission. Following guesce, a
paper will normally be published in the next isslrestruction for authors and other details are latzéé on our
website;www.onlineijra.com/gjet

GJET is an Open Access Journal

One key request of researchers across the world is unrestricted access to research publications. Open access
gives a worldwide audience larger than that of any subscription-based journal and thus increases the visibility
and impact of published works. It also enhances indexing, retrieval power and eliminates the need for
permissions to reproduce and distribute content. GJET is fully committed to the Open Access Initiative and will
provide free access to all articles as soon as they are published.
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Dr. Maneesha Shukla.
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Guiddlinesfor Authors

Global Journal of Engineering and Technology is an open access journal that provides rapid paitidin (six
monthly) of articles in all areas of the subjectlswas: civil, mechanical, chemical, electronic amamputer
engineering as well as production and informaterhhology. The Journal welcomes the submissionasfuscripts
that meet the general criteria of significance ankntific excellence. Papers will be published ragmately 3
month after acceptance.

Electronic submission of manuscripts is strongly encouraged, provideat ttme text, tables, and figures are
included in a single Microsoft Word file (prefergtih Arial font).

Submit manuscripts as e-mail attachment to the Editorial Office ataneeshashukla76@rediffmail.cof
manuscript number will be mailed to the correspogdiuthor same day or within 72 hours.

Thecover letter should include the corresponding author’s fullr@dd and telephone/fax numbers and should be in
an e-mail message sent to the Editor, with the fileose name should begin with the first authoulsiame, as an
attachment. The authors may also suggest two to rfexiewers for the manuscript (GJET may desigrutesr
reviewers).

Global Journal of Engineering and Technology will only accept manuscripts submitted as e-mail attachments.

Article Types

Three types of manuscripts may be submitted :

Regular articles: These should describe new and carefully confirmed findings, and experimental procedures
should be given in sufficient detail for others to verify the work. The length of a full paper should be the
minimum required to describe and interpret the work clearly.

Short Communications: A Short Communication is suitable for recording the results of complete small
investigations or giving details of new models or hypotheses, innovative methods, techniques or apparatus.
The style of main sections need not conform to that of full-length papers. Short communications are 2 to 4
printed pages (about 6 to 12 manuscript pages) in length.



Reviews. Submissions of reviews and perspectives covering topics of current interest are welcome and
encouraged. Reviews should be concise and no longer than 4-6 printed pages (about 12 to 18 manuscript
pages). Reviews ar e also peer-reviewed.

Review Process

All manuscripts are reviewed by an editor and meslw# the Editorial Board or qualified outside mwers.
Decisions will be made as rapidly as possible, #edjournal strives to return reviewers’ commertsatithors
within 3 weeks. The editorial board will re-reviemanuscripts that are accepted pending revisias.thlie goal of
the JETR to publish manuscripts within 10 weeksrastibmission.

Regular articles
All portions of the manuscript must be typagalible-spaced and all pages numbered starting from the titleepag

The Title should be a brief phrase describing the conteintseopaper. The Title Page should include the @sth
full names and affiliations, the name of the cqumsling author along with phone, fax and E-maibinfation.
Present addresses of authors should appear atatto

TheAbstract should be informative and completely self-explamatbriefly present the topic, state the scopthef
experiments, indicate significant data, and poirtrmajor findings and conclusions. The Abstractuithdoe 100 to
200 words in length.. Complete sentences, activiasyand the third person should be used, anduteazt should
be written in the past tense. Standard nomenclatboaild be used and abbreviations should be avoided
literature should be cited.

Following the abstract, about 3 to B€y words that will provide indexing references should tsteld.

A list of non-standard\bbreviations should be added. In general, non-standard abhi@washould be used only
when the full term is very long and used often. lEabbreviation should be spelled out and introduiced
parentheses the first time it is used in the t©xtly recommended Sl units should be used. Authioosild use the

solidus presentation (mg/ml). Standard abbreviat{gauch as ATP and DNA) need not be defined.

The Introduction should provide a clear statement of the probldma,relevant literature on the subject, and the
proposed approach or solution. It should be undedstble to colleagues from a broad range of séienti
disciplines.

Materials and methods should be complete enough to allow experimentsetaeproduced. However, only truly
new procedures should be described in detail; ptsly published procedures should be cited, anditapt
modifications of published procedures should be troaad briefly. Capitalize trade names and inclutie
manufacturer’'s name and address. Subheadings sheulded. Methods in general use need not be Hedcim
detail.

Results should be presented with clarity and precisione Thsults should be written in the past tense when
describing findings in the authors’ experimentevausly published findings should be written ie firesent tense.
Results should be explained, but largely withodeméng to the literature. Discussion, speculatiomd detailed
interpretation of data should not be included i Results but should be put into the Discussiotisec

The Discussion should interpret the findings in view of the réswdbtained in this and in past studies on thigctop
State the conclusions in a few sentences at theoetfie paper. The Results and Discussion sectiansinclude
subheadings, and when appropriate, both sectionb&aombined.



The Acknowledgments of people, grants, funds, etc should be brief.

Tables should be kept to a minimum and be designed tosb&mple as possible. Tables are to be typed deuble
spaced throughout, including headings and footnokech table should be on a separate page, numbered
consecutively in Arabic numerals and supplied vétiheading and a legend. Tables should be self+esjaey
without reference to the text. The details of thettnods used in the experiments should preferablydseribed in

the legend instead of in the text. The same dataldmot be presented in both table and graph farmepeated in

the text.

Figure legends should be typed in numerical order on a separatetsksraphics should be prepared using applicatapable

of generating high resolution GIF, TIFF, JPEG owBrpoint before pasting in the Microsoft Word maori# file. Tables

should be prepared in Microsoft Word. Use Arabimeuals to designate figures and upper case létetkeir parts (Figure 1).
Begin each legend with a title and include suffitidescription so that the figure is understandalifeout reading the text of
the manuscript. Information given in legends shawdtibe repeated in the text.

References: In the text, a reference identified by means ofathor's name should be followed by the date ofréference in
parentheses. When there are more than two auttrdysthe first author's name should be mentioneto¥ved by ‘et al'. In the
event that an author cited has had two or more svptblished during the same year, the referende, ibadhe text and in the
reference list, should be identified by a lowerecketter like 'a‘ and 'b* after the date to distirigh the works.

Examples:

Abayomi (2000), Agindotan et al. (2003), (Kelebeh®83), (Usman and Smith, 1992), (Chege, 1998; @huk, 1987a,b;
Tijani, 1993,1995), (Kumasi et al., 2001)

References should be listed at the end of the papeatphabetical order. Articles in preparation aticles submitted for
publication, unpublished observations, personalroamnications, etc. should not be included in therezice list but should only
be mentioned in the article text (e.g., A. Kingddniversity of Nairobi, Kenya, personal communioadi. Journal names are
abbreviated according to Chemical Abstracts. Awlase fully responsible for the accuracy of themfces.

Examples:

Chikere CB, Omoni VT and Chikere BO (2008). Distition of potential nosocomial pathogens in a hasginvironment. Afr.
J. Biotechnol. 7: 3535-3539.

Moran GJ, Amii RN, Abrahamian FM, Talan DA (200B)ethicillinresistantStaphylococcus aureiurs community-acquired skin
infections. Emerg. Infect. Dis. 11: 928-930.

Pitout JDD, Church DL, Gregson DB, Chow BL, McCrackM, Mulvey M, Laupland KB (2007). Molecular epd®logy of
CTXM-producing Escherichia coliin the Calgary Health Region: emergence of CTX-Mpt&ducing isolates. Antimicrob.
Agents Chemother. 51: 1281-1286.

Pelczar JR, Harley JP, Klein DA (1993). Microbiojo@oncepts and Applications. McGraw-Hill Inc., N&erk, pp. 591-603.

Short Communications

Short Communications are limited to a maximum af figures and one table. They should present a Eemptudy that is more
limited in scope than is found in full-length papeihe items of manuscript preparation listed abapply to Short
Communications with the following differences: @bstracts are limited to 100 words; (2) insteacaafeparate Materials and
Methods section, experimental procedures may bermpocated into Figure Legends and Table footnof8y;Results and
Discussion should be combined into a single section

Proofs and Reprints: Electronic proofs will be sent (e-mail attachmeotthe corresponding author as a PDF file. Pagefgr
are considered to be the final version of the meripts With the exception of typographical or mirgerical errors, no changes
will be made in the manuscript at the proof staBecause GJET will be published freely online twaat a wide audience),
authors will have free electronic access to thetéxt (in both HTML and PDF) of the article. Auttsocan freely download the
PDF file from which they can print unlimited copiestheir articles.



Copyright: Submission of a manuscript implies: that the waekcribed has not been published before (excepeiform of an
abstract or as part of a published lecture, orighéisat it is not under consideration for publicatelsewhere; that if and when
the manuscript is accepted for publication, théangt agree to automatic transfer of the copyrighhe publisher.

Fees and Charges: OverseasAuthors are required to pay a $250 Processing fieeladianAuthors are required to pay a Rs
3000/- Processing fee. Publication of an artioléSlobal Journal of Engineering and Technology as contingent upon the

author’s ability to pay the charges. Neither isegtance to pay the handling fee a guarantee tegbdper will be accepted for
publication. Authors may still request (in advantleat the editorial office waive some of the hanglifee under special

circumstances.



Letter No.V-34564,Reg.533/2007-2008 INDIAN JOURNAL OF RESEARCH(201%5113-118
ANVIKSHIKI ISSN 0973-9777 Advance Access publication 22 Jan. 2012

A REVIEW ON METALLURGY OF WELDING OF CAST IRON
AND EFFECT OF PREHEAT

PrabesH Rav?*, S.P. TeEwar** AND JvyoTi PrakasH***
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Abstract

Most of the welding of cast iron is repair weldiri@arbon pickup and resulting cracks are the mainagns when
welding CI. The casting process is never perfespeeially when dealing with large components. adtef
scrapping defective castings, they can often baireg by welding. Naturally, the very high carbooncentration
of typical Cls causes difficulties by introducingttie martensite in the heat-affected zone of wélds therefore
necessary to preheat to a temperature of 450 °fhywed by slow cooling after welding, to avoid dkay. The
effect of preheat temperature on the microstructbtained in the heat-affected zone HAZ and théidarzone in
the weld metal adjacent to HAZ has been studiaudttipass welds for the as ductile cast irons. Wedding was
carried out with manual shielded metal arc weldinging ENiFe—CI filler metal. Ultrasonic, microharess
distribution, tensile and impact tests were condddb evaluate the quality of welded joints.

Keywords :Heat-affected zone (HAZ); Weld metal (WM); Micrastture; Toughness; Post Weld

Heat Treatment (PWHT); Carbon Equivalent (CE);aast (Cl);

1. Introduction
Cast iron is generally considered as a difficultenal to be welded. This is basically due to two
reasons: (i) inherent brittleness of the cast mad (ii) the effect of weld thermal cycle on the
metallurgical structure of the cast iron. Typicaligur distinct regions are formed when cast iron
is welded, as follows:

(i) Fusion zone (FZ) which is melted during weldpigcess and is resolidified upon cooling.

*[M.Tech] Mechanical Engineering Department (Instit of Technology ) Banaras Hindu University Vasir(8).P.) India. (All correspondence
with this e-mail :_pradeepji59@gmail.com)

**Professor, Mechanical Engineering Departmentt{fate of Technology) Banaras Hindu University iaaai (U.P.) India.

***Senior Research Scholar, Mechanical Engineefiapartment (Institute of Technology) Banaras Hitthiversity Varanasi (U.P.) India.
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A REVIEW ON METALLURGY OF WELDING OF CAST IRON AND EFFECT OF PREHEAT

(ii) Partially melted zone (PMZ) which is the aneamediately outside the FZ where liquation canuoaduring
welding.

(iii) Hegt affected zone (HAZ) which is not meltbdt undergoes microstructural changes.

(iv) Base metal (BM) which its structure remainsfiacted during weld thermal cycle.

Fig. 1 shows relationship between Fe—C phase diagrad the temperature experienced by
each microstructural zone High carbon content of the cast irons leads ton&tion of hard
brittle phases, namely martensite and carbidekenFZ, the PMZ and the HAZ. Both carbide
and martensite, being hard and brittle, are detrtaieto the ductility, toughness and
machineability of the weld and also may cause éngckn the joint?s. Weldability of cast iron
depends on the several factors includitig(i) type of the cast iron, (ii) chemical compdait of
the cast iron, (iii) chemical composition of fillenetal, (iv) original matrix structure and (v)
welding process and preheat/post heat treatment.

Arc welding processes and oxyacetylene weldingtace most common welding processes
which are used to cast iron welding There are gdlyethree type available filler metals for
welding cast irons: mild/low carbon steel filler tale cast iron filler metal and nickel/nickel—-iron
based filler metal. Some researchers used mild steetrode for welding grey cast iron. The
main driving force for using mild steel electrodegheir low cosg'. However, these electrodes
suffer from some metallurgical problems including:

(i) Steel shrinks more than grey cast iron dusotidification; therefore, tensile stresses gemeran FZ can make
it susceptible to shrinkage crackitig*
(i) In spite of dilution of mild steel electrodeith high carbon cast iron, the carbon content ofig-sufficient

to formation hard and brittle product in FZ. Thiduces the impact properties of the weldment. M@eo

inability of FZ to yield and relieve welding stresscan result in cracking in the adjacent cast lveat affected

zone. Therefore, the use of steel electrodes sHmailckstricted to application where the joint i$ loaded in
tension or in bending Nickel based electrodes dffier highest crack resistance weld mainly becafigbeir

desirable mechanical properties and their abibitytecipitates the carbon picked up from the basisifree
form as graphite.

1600 - L
—_fusionzone __ __ _ _ _ _
-1 AN
o partially melted zone :
-~ 12004 N, ¥ = _" T 07 \ )
o Y i '
= o _ heat-affected zone | |
S Y+ C N :
2 800 - _base metal I v
= _ 7 vy
— Ve
1 «+cC \ \\
L] L] ] L] »
Fe 1 2 3 a4 Cast iron

Carbon, wt9%

Fig. 1 Temperatures experienced by various microstructaoales in a cast iron weld [1].
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RAM, TEWARI AND PRAKASH
2. Weldability Of Cast Iron

Weldability of the cast iron is commonly characted by calculation of the carbon equivalent
(CE). By CE no-crack temperature for the cast iodetermined. No-crack temperature is the
preheating temperature, above which the coolingsratll be lowered enough that the material
will not cause formation of any cracks due to weddiCE is calculated using the weight percents
of the elements in the chemical composition accgydio Equation 1 below:

The no-crack temperature is correlated with the yEFigure 2. The lower the no-crack
temperature is the more weldable the cast iroklése the preheating is determined by CE and
main structure of the cast iron to be welded. Adddlly, the thickness of the material will be
another factor determining the cooling rate aftetdwng. Increased thickness causes an increase
in cooling rates thus weldability of the thickerepes will be lower requiring increased
preheating temperatures.

rada
— G1 GRAY a0
G2 GRAY 50
G3 GRAY a5
700°F | G4 GRAY 35
{370°C) D1 DUCTH.E 80-55-08
D2 DUCTILE 100-70-03
D3 DUCTILE 120-90-02
[~ Da DUCTILE 65.45.12
o2

M1 MALLEABLE 50005
M2 MALLEABLE 32510 /
S00°F M3 MALLEABLE MS5503

A N
(315°C) Ma MALLFARBLF M5003

¢ = NO-CRACK TEMPERATURE

— BELOW 70°F
500°F
(260°C)
5
+

400°F
{205°C)

NO-CRACK TENPERATURE

sooer |
(150°C)

1 L 1 1
2.50 3.00 3.50 3.00 450 5.00 550

CE #2(C + 0.31 Si+ 033 P+ 0.456S - 0.028 Mn s Mo + Cr - 0.02 Ni - Q.01 Cu)

Figure 2.Effect of CE on no-crack temperature for selectedlgs of iron castings

3. Welding of Cast Iron
Ab Pascual et al. have studied welding nodular icas with oxyacetylene (OAW) and shielded
metal arc welding (SMAW) using 98.2% Ni and Fe-GraNoy filler materials respectively.
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They have concluded that welding ductile cast ivath or without preheat is possible but
preheating almost always increases weld quality @dnctility. OAW results very poor weld
metal properties whereas SMAW yields an amountuatfitity in the weld metal. Furthermore,
using Ni electrodes is another factor increasirgdirctility which hinders the carbide formation.
El-Banna has studied welding ductile cast iroasrcast and fully ferritized states using SMAW
process with ENiFe-CI filler material. He has watken different preheating temperatures and
again concluded that ductile cast iron can sucubgdbe welded with or without preheating
using Ni based electrodes but in order to achieartaim mechanical properties a preheating
temperature of 200-300°C is required. Additiondlly stated that Rm values required from the
base materials can only be met in ferritized conepts In as-welded specimens ledeburitic
carbide structures and local melting around th@lyta nodules are observed. With application
of preheating various pearlite and martensite satigtead of carbide were formed. Again in a
study carried out by El-Banna et al. restoratioopgrties of pearlitic cast iron using SMAW
with various filler materials as Ni, Fe-Ni alloyj4u alloy, stainless and ferritic steel is studied
Also subcritical annealing at 677°C is applied. €eff of heat input, preheating and filler
materials was examined. When using the ferritlerfinaterial, preheating at 300°C becomes the
best option for narrowing the melt region and HAZhwdiscontinuous carbide and bainite. It is
seen that PWHT has reduced the maximum hardnesgesvalightly and finally multipass
welding lowers the width of melt region and micrahi@ess of HAZ. Using filler materials with
Ni content can overcome carbide formation howeweth ferritic filler a continuous carbide
network is observed around the fusion line and HA&lded a martensitic structure. Pouranvari
carried out a study on welding cast iron using SMaNth Ni based electrodes. He also applied
PWHT to the welded pieces. Due to possibility afreasing amount and continuity of carbides
preheating is not used and formation of cracks medaseported. Material was fully annealed and
a nearly uniform hardness profile is achieved. Agaickel based filler is used to prevent
ledeburitic carbide formation in the structure bé tweld piece but due to dilution very high
carbon contents are come across which cannot b@ewated with Ni. This excess amount
precipitated as graphite in fusion zone. In PMZelagtitic and martensitic structure formation
occurs, constructing a hard and brittle network agnéusion line. Voigt et al. have studied
general HAZ structures of ductile cast irons. SMAWYh ENi-CI filler material used with about
300°C of preheating. Sub-critical annealing andl dahealing is applied to the specimens. In as
weld specimens carbides are formed surroundingridgghite nodules and in intercellular regions
between nodules. It is concluded that this forrmatannot be effectively prevented in PMZ.
Martensite, observed in HAZ, cannot be overcontlefpreheating temperature is sustained for
sufficient times after welding. By application ofulgritical annealing martensite was
decomposed to ferrite and secondary graphite.

4. Fundamentals of Preheat
The operation of heating metal to some pre detexchiemperature before engaging in actual
welding is called preheating . The details andrttegles may be different in various situations
but in general the purpose is to influence the ingobehavior after welding so that shrinkage
stresses will be lower (relative to welding withguéheating) and cooling rate will be mildér
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Pre-heating prepares metal to make it more receptiwelding. The importance of preheating
increases with the thickness of the base metalusecaf the rapid self quench capability, and
with the rigidity of the welded structure becau$¢he derived constraints. In general the higher
the preheat temperature and the lower the heat,itipe conditions are more favorable for
limiting martensite formation and its hardness,dfafly contributing to higher quality welgs

The minimum preheating temperature to be assuredvtod cracking depends on the
following factors:

4 Carbon equivalent expressing carbon and alloy conte
Condition of base metal prior to welding,

Thickness of base material,

Constraint level,

Hydrogen available risk.

Usually, rapid heating and cooling, characteristitsvelding, produce a hard microstructure
in the HAZ [18, 24]. The hard micro structure oetHAZ is one factor responsible for the
property deterioration of welds. The heat-affe@ede (HAZ), which is cooled at different rates
and includes different regions of microstructuse often considered the source of failure in a
welded joint®:25,

4.1 Effect of Preheat and HAZ Cracking
R. Scott Funderburk while writing the fundamental of preheat concludledt (a) preheat can
minimize cracking (b) Preheat must be used whenapplicable codes so specify (c) Annex Xl
of AWS D1.1-96 provides guidelines for alternatimethods of determining proper amounts of
preheat (d) Finally, the interpass temperature lshbe checked to verify that the minimum
preheat temperature has been maintained justtpriaitiating the arc for each pass

4.2 Fatigue Behavior of Cast Iron
Very high cycle (1010 cycles) fatigue behavior odualar cast iron is studied by Xue et 4l.
Fatigue behavior and effect of frequency is noteolrsd. Crack initiation takes place on surface
graphite nodules or subsurface nodules. Mechanafhtsack propagations of cast irons with
various pearlite and ferrite ratios are investigaby Cavallini et al.'* Common damaging
mechanism for crack propagations is determinedetéhle debonding of the graphite elements
which is characterized by the morphology dependimgmicrostructure. Microstructure 23
influences the crack propagation resistance onlyigiter stress ratios while at lower ones no
variations can be determined. Pearlite results icompletely fragile debonding mechanism
whereas ferrite yields higher ductile deformatiairinlg debonding. Pearlitic ferritic structure
fractures at intermediate values. The ductile ddb@mymechanism acts as an important crack
closure mechanism. Finally it is concluded thatgghdistribution in the structure, like bull's eye
structures, acts as a secondary crack closure misoha
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