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VIVEKANAND COLLEGE, KOLHAPUR (AUTONOMOUS)

Statement of Syllabus Covered

Name of Teacher:Mr.Abhijit M.Mane+ . - Departmenf:B.Voc.Foundry Technology
i llabus ; :
Class & Paper |§ Subject& ; y°a :
¥ Craindke Syllabus Assigned | vered/Not | Rem@rk
' Ty “overed
B.Voc. | Moulding ; _ ; - -
Sem- | Technology 1 Conventional Sand moulding: H - :
DSC23FTEIl | ~ > = z e z
b 9 9 v Y )
? Hand moulding with green Qand using natural bindi!ts like clay, use of P ?
mechanical ramming aids & mould manipulation’dry sand process, | ~ %
loany’sand moulding, use of tow dung, Bentonites dextrin core oils & |/ 3
molasses as binder, mould washers Skin drying of moulds. it K
12 Moulding Machine:
. " Use of mboulding machines, joﬁ squeeze, jolt Squeéie &slinger, Cévereﬁ C

insertion of cores, power computation, type of flask equipment,
preparation of sand cycle, mulling of the sand, flow charting special
moulding/core making process, Use of plaster of Paris & cement as a
moulding material carbon dioxide process, shell moulding & metal
moulds, gravity & pressure die casting, V moulding processes.

13 Mould Quality:

Role of quality & packaging of sand. Mould hardness variation,
Strength of mould & core enforcement, core floatation, use of
chaplets for supporting cores, use of chills, mass hardness & hard
spots. Defects like scabs & rat tails, storage of mould & moisture pick

up.
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1.4 Functions & design of mould:

Function of cavity, components of mould gating system & Qsexs
Directional salidification

of metals, streamlined pouring of mquld maintenance of m¢fal purity,
Rigging and shake out,

recycling of sand, reclamation of sand

2.0. Core Making:
9

Loy S [

2
2.1 Imponamre and requirement of c{)res Core making mat ;-ials.
2.2 Core sand, its ingredients and properties.
2.3 Binders & machines used in core making.
2.4 Types of Cores Core making probesses
2.5 Core venting, Core baking by different methods.
2.6 Finishing of Cores. Core setting chaplets.
2.7 Core sand disposal.
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B.Voc.Il
Sem I
1612

Fuels,Furnaces
& Refractories

1.0 Classification of fuels

Solid liquid and gaseous, natural and synthetic liquid fuels, their
advantages and limitations.

2.0 Principles of combustion
Calorific value, speed and combustion, requirements of air, or

oxygen, properties of flames, combustion problems, non conventional
energy.

Covered
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3.0 Furnaces

[ Classification of furnaces based on heating methods and refractories ’
-used, basic principles of fuel fired, resistance,-induction and arc -

_furnaces, furnace hmng, furnace atmospherestfumace efficiency.
‘4 .0 Refractories = -

-« -«

i i
_Classification of refractories, their properties and uses in foundry
industries.

A

B.Voc.IIl Quality Control |31 I.nLroductlon New culture of TQM TQM axidms, consequences of Y
Sem V f'total quality managing; k:ost g l‘ “
1726 * of total quality, valuable tools for quality, the J apanese factor. The * 4
2 <Deming Approachto o o
4 ;management: Hxstoncalbackground Deming’s. fourteen points for § ';
! ‘management, deadly sinis & * ' R
s :diseases, implementing‘the Deming’s philosophy, Demmg on :
management. Juran on Quality:
; ‘Developing a habit 6f quality, Juran's quality trilogy, the universal
‘& ;brealghrough sequence, ‘% : ‘§ ‘6 ”
.Juran's Deming.
-2. Crosby & the Quahty Treatment: Crosby d1agnos1s of a troubled
company, Crosby’s quality Covered
vaccine, Crosby’s absolutes for quality management Crosby’s fourteen
' steps for quality
improvement. Imai's Kaizen: The concept, Kalzen & innovation, the
Kaizen management
practices, Kaizen & Deming.
3.Basic Techniques for Statistical Analysis: Introduction, measures of
central tendency &
dispersion, confidence intervals, hypothesis testing, frequency
distributions & histograms, I
probability distributions, measuring linear associations. Design & {?‘\ {%\
Analysis of Experiments: N @h%
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Introductions, factorial experiments, aliasing, constructing fractional
designs, analysis of
variance.

4. Supparting of Quality Improvement Processes: Affinity diagram, bar
chart, block diagram

brain stofming, cause and effect ‘analysis, control charts, @ost benefit
analy51s, ‘customer-supplier 3 1

relahonshlp check list, decision analysxs flow charts, force field
analysis; line graph/run charts, *

pareto analysis, quality costing, quahty function development (QFD),
quality project approach &

problem™solving process, risk analyms scatter diagrams, Weibull

1.1: Components of gating system- Pouring basin, down sprue, sprue
well, runner bar, !

skunbob and ingates: Significance and function.
1.2: Types of gating: Top gate, bottom gate and parting gates.
1.3: Steps in design of gating area, calculations of pouring time,
Runners and ingates for

ferrous and non-ferrous alloys.
1.4: Importance and determination of dimensions of passages i.e
gating ratio.

2.0 RISERING SYSTEM:

¥ Y, analysm?ﬁ Sigma. 3 9,
* ? 5. Stznsﬁcal Process Control: Inﬁ'oducuon data collecu(ﬁl plan, f‘ P
+ 4 variables charts, attributes, 4 A b
4 2 interpreting the control charts. Taguchl s Approach to Expenmental u ,
: “ Design & Offline Quality 4 :
i i Control;Introduction, backgmupd to the method, Taguch1 s K :
[ : recommended design techniques; =
from Deming to Taguchi & vice-versa.

B.Voc.] Gating Systems | 1.0 GATING SYSTEM: Covered

SemH & Riseritjg ‘& : ‘& ; ‘&
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2.1 Function of risers/ feeders in compensating shrinkage in metals
and alloys during
solidification.
2.2 Riser types, shapes, sizes and locations. =
2.3 Designing ofrisers using Cain’s method modulus method, _
Inscribed circle method. i
2 4 Directional s,olldlﬁcatlon Use of paddmg, exothermic matqna]
use of chills. Rxser neck.

B.Voc It
SemIV:
1619 3

Steel Casting
Production =

bl

gAcid and basic practlcgs oxidation and reﬁn

1.0 Introduction to Steels : 2

Classification, p?pertles and appllcatlons of carbon and alloy s;eels,

" *.
2.0 Melting andSolidification of steel® X

Solidification mecha.msm melting of carbon and alloy steels m‘
electric arc and mductlon fumaces, ‘ i

5

3.0 Basic Practices and Reactions of Steel

, fluxing; Sulphur a.nct
phosphorous removal, de-oxidation, methods of degassing, tappmg
and pouring,

4.0 Methoding for Steel
Gating and feeding practices; mould and core making practice for
steel, fettling and salvaging for steel castings,

5.0 Heat treatment for steel castings.

Covered

B.Voc.lIl
Sem VI
1732

Energy
Conservation &
Pollution
control

Course contents:
Energy Conservation- Forms of energy, energy conservation, energy
sources and resources,

present and future energy demands; Review of commercial energies
from solid, liquid and

Covered
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gaseous fuels. Nuclear energy systems, alternate energy sources;
Improving energy efﬁcnency in

extractive metallurgical processes; Design and managemem of energy
conservation; Recycling -’ -

of energy, energy conservation techniques.

Pollution Control- Gas recevery in metal processmg industries, gas
clmnmg and removal of

particulate matter from gases; Heat exchangers and water cleaning of

solids; Pollution control in”
specific metal process mdustnes- Iron and steel, Cu Ni, Pb, Zn, Al etc;

Environmental
obnslderatlons in metal czstmg, metal forming, metal plating

and heat treatment mdusmes
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Name of the Teacher: Mr. Sidhant A Kanik

Vivekanand College, Kolhapur (Autonomous)
Department of Foundry Technology -

Syllabus Completion Report
Academic Year: 2018-19

Menth: June 2018 i Module/Unit: i| Sub-units planned i i il Remark '_
Lectures | Practical’s | Total Modu‘le I - L1 Importance of engineering drawing - drawmg instruments: (ﬁ'awmg Covered -
Drawing board, mini drafter, R .
10 N. A 10 office *| compass, divider, protractor drawing shetts etc., - layout of d.rawing i
; { ; practice ¢| sheets. ;
. ; 91.2. Importance of 18gible lettering and nu bermg - single strok?  letters 2
¢ 4 ? -uppercase and P
% *| lower case letters- *general procedures fdr lettering and numb%rm 7
it ;1| height of letters - ,‘( b H it
) i| guidelines. b »’| b
3 “| 1.3. Dimensioning -vNeed for dlmensmmng terms and notatlons as per
°| BIS - Dimension )
line, Extension line and Leader line.- ‘Methods of dimensioning —
) X | Importance of 3 ) " "
¢ ¢ | dinfensioning rules - ‘Exerdises. £ : . 4
1.4. Scales - Study of scales - full size scale, reduced scale and enlarged
scale
Menth : July 2018 Module/Unit: | Sub-units planned
o Module II: 2.0. Constructions of conics. ; ! Covered
Lectures | Practical’s | Total Constructions il lCor:lcs Dlg’ferent types — Definition of locus, focus and directrix -
T . ications o
. N-A 3 of conics. cl{)il;se, parabola and hyperbola.
2.2. Ellipse: Construction of ellipse by concentric circle method,
rectangular method and
Eccentricity method when focus and directrix are given — Practical
applications.
2.3. Parabola: Construction of parabola by rectangular method, TAND Co>
parallelogram method and /5 CsTo (%
eccentricity method when focus and directrix are given— Practical (Z( sune |7
B B ‘ﬁ:} 1964 é‘?
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applications. -
2.4. Hyperbola: Construction of hyperbola by rectangular miethod and
eccentricity method

when focus and directrix are given— Pract1ca1 applications.
2.5.Scales: Construction of Diagonat 'and Vernier scales.
2.6. Vlsuahzahon concepts and Free Hand sketching: Vlsuahzatxon
principles —

Representation of Three Dlmenswnal objects — Layout of v1ews- Free
hand sketching of 3 .

multiple views from pictorial views of objects.

Month: August 2818 Module/Unit: . | Sub-units planned . z : :
3 ModuleITI: | 3.1. Geometrit curves: Definition, aplication and constru&ion of Covertd
Lec ical’ ' . :
tures Practlc? s | Total Const rictions ;yclold lelzilc)?clmds— ? f‘ !‘
£ fyd ypocycloid # exercises. 5 h
10 b A“ 10 ° speclt?l 3.2. Involute gf a circle - Arch1med§?.n spiral — helix — exercises. it
i curves.'! H i
Month: Aug 2018. Module/;Unit: .| Sub-units planned , .’
. Module IV: Covered
Lectures | Practical’s | Total Projection of 4.1. Projection of ppints — points in different quadrants.
T3 N. A %5 points. ‘¢ ‘® : ‘6 ; ‘&
Month: September 2018 Module/Unit: | 5.1. Projection of straight lines — parallel to one plane and perpendicular | Covered
: to other plane —
Lectures | Practical’s | Total | Module V: inclined to one plane and parallel to the other plane — pa:allel to both the
Projection of planes — i
10 N. A 10HTS | s¢rajght lines.

inclined to both the planes (simple problems only).
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Month: June 2018

Module/Unit: | Sub-units planned Remark
Lectyres | Practical’s | Total Module I: : ' . : Covered i
= - Pattern materials - Pattern materials. Pattern making tools, diffefent pattern materials théir |
20 N. A 20 -| merits and \ x R 3
E, ! Demerits. L k, 7} ; E
- N _| Different types of patterns such as single pxece, Cope and Drag, Follow i
: i board, Match 1 - z
H °| plate patternetc. . = H B :
Mot;lh : July 2018 E Module/Unit: 4 Sub-units planned } ? ? ?
Lectires | Practical’s | Total | Module II: ] . i ' i i Covered f
Tools: Tools for making Wood patterns and Metal patterns. ]
12 N. A 12 ;1 Patterns for special p)fbcesses such as foam mjplding, shell molding. ;i it
"
Month: August 2018 E Module/Unit: | Sub-units planned ;
Lectures | Practical’s | Total | Module II: Principles of pattern construction and 1ayout Machmes for makmg ‘ Covered
Principles of wooden pattern and
14 i NA 14 ;ﬁattern /| machine patterns.  : b ; i
. - Finishing of patterns, colour codes for pattem and importance..
construction
Month: September 2018 Module/Unit: | Sub-units planned
o ] Module IV: || Pattern allowances. ! ! ! Covered !
Lectures | Practical’s | Total Pattern
2 N A P allowances
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Month: June 2018 Module/Unit: Sub-umts planned 3 4 Remark
| Lectures | Practical’s | Total | Module I Classification of drawings, review of drawing sheet sizes & layout (?overed
15 -N A 5 Principles of recommended by BIS, types of lines, scales used in ehgineering drawmg,
P drawings : sections, types of sections, Qonvcntlonal representanon of engineering | .
2 2 materials and machine compgnents, methods of du'nenslomng, SlelbOllC H
& representations of welds and surface finish y: ;
Month : July 2018 Mddule/Unit: | Sub-ujiits planned i j :’
d -1 'odule IT Screw thread terminology, fofms of threads, conventional representation (‘}overcd
fectures Pr;lctlcal 8| Total Isvéetcmng of of threads multiple start threads, RH & LH threads, ype of nuts and bolts, B
15 "N. A 15 n@chme washers, locking arrangements for nuts, foundation bolts, types of keys, | /|
edbaponents cotter jbmt and knuckle joints{ rigid coupling, ﬂange‘\:ouphng & flexible | 7
! ou P couplmg, flat and V belt pulleys, sliding and rollu‘xg contact bearings: | ‘.
journal bearing, bush bcarmg, pedestal bcarmg, plvot bearing, ball &
. roller bearings
Month: August 2018 Module/Unit: Sub-units planned L ) &
Lo Module ITI Gear Terminology, mtroductlon to spur gear, hellcal gear bevel gear, | Covered
Lectures | Practical’s | Total Géar drives worm & worm wheel, gear materials, forms of teeth, advantages &
disadvantage
10 N.A 10
Month: September 2018 Module/Unit: | Sub-units planned
. Module I1V: Limits fits & tolerances- significance, types and selections, hole basis & Covered
Lectures | Practical’s | Total | glaments of shaft basis system, Surface roughness- terminology symbols,
Production characteristics, representation of elements on production drawings.
10 N.A 10 L
Drawings:




. Month: June 2018 Module/Unit: | Sub-units planned . Remark
.Lectures Practical’s- Total | ModuleI:1. Definition of Management, Management environment. Planmng Need, | Covered °
i Functions qi‘ Objectives, Stra‘tegy, policies, Procedures Steps in Planmng, Decision i
20 N.A 1 20 Management making, Forecastmg Organizing — Progess of Organizing importance and
: principle of organizing, departmentatron, Organizational relationship,
I : : Authority, Responsibility, Delegation, Span of control. Staffing — Nature, 3
3 E s Purpose, Scopq Human resource mgnagement, Policies, Becruitment s
3 q g procedure trainjng and devclopment! appraisal methods. Jeading — g
b H & Communicationy process, Barriers, rqnedres motivation, ‘nportance b
L by by Theories. & b ¢ 4
| Month : July 2018 Module/Umt' Sub-units planped 3 B S
. s ¥ Module 117, Marketing: Marketing Concepts —Objective —Types of markefs Market | Covered /|
jlLectures | Practical Si Totgl Illtroductioil to | Segmentation, Market strategy — 4 AP s of nﬁrket Market: Research, f
10 N.A 4 10 Marketing gnd Salesmanship, Advemsmg b) Materials Management: Definition, Scope, !
Material advantages qf ma.terllals managemqnt,_f_unctrons of mate:nals nrana.gement
c) Purchase Objectives, 5-R Principles of purchasing, Functions of
‘g $f Management | pyrchase departmenty Purchasing cycle, Pugchase policy & procepiure,
- i Evaluation of Purchase Performance. .
Month: August 2018 Module/Unit: Sub-units planned
‘ Module ITI: Strategic importance HRM; objectlves of HRM; challenges to HR | Covered
Lectures | Practical’s | Total | gyman ” professionals; ,role, Responsibilites and competencies, of HR ,
: Resource professionals; HR department operatiéons; Human Resource ‘Planning -
10 N.A 10 Development objectives and process; human resource information system. Talent
acquisition; recruitment and selection strategies, career planning and
management, training and development, investment in training
\ programme; executive development.
| Month: September 2018 Module/Unit: Sub-units planned
[ Module I'V: E-Commerce — Introduction to Management Information System (MIS), Covered
| Lectures | Practical’s Total | 11 troduction to | Introduction to ISO 9000 procedures. b) Industrial Safety — Reasons for
| E- Commerce accidents, prevention of accidents, Promotion of safety mindness.
[ 10 N. A 10
L




Module/Unit:

Remark

E Month: Jan 2019 Sub-units planned
| Lectures | Practical’s | Total | Module I: 1.1. Orthographic projection- prmcnples-Pnnc:pal planes-First angle Covered :
- ~Projection of *projection-projection ofpoints. -
10 N. A 10 [*Points, Lines and +1.2. Projection of straight lines (only First angle projections) mclmed to K
.Plane Surfaces. both the principalplands
: -1.3. Determination of true lengths and true inclinations by rotating lme
- R _method and traces
L4 H “1.4. Projection of planes (polygonal and circular surfaces) mclmed to :
45 “both the principalplanés by rotating object method. :
Month? January 2019 *Module/Unit: *Sub-units planned ? 2 ‘!, ?
Lecture; Practical’s | Total :' Module II: text &2 1. Projection of sunpﬂe solids like prisms, pyramxds, cylinder, cone and Covered f'
' Projection of "truncated solids when" the axis is inclined to one of the principal planes
10 = N. A 10 | Seolids. "by rotating object method and auxiliary plane ﬁ:ethod i "
Month;: February 2019 {Module/Unit: ,';QSub-umts planned _ i . i
Lecturms Practical’s | Total ‘Module III: *3.1. Sectioning of above solids in simple vemcal position when the Covered
Projection of }cumng plane is inclined to the one of the principal planes and
10 _ N A 10 Sectioned Solids perpendicular to the other — obtaining true shape of section. -
& ‘and Development |32 ‘Pevelopment of lateralésurfaces of sxmple anél sectioned sollds — |k
" of Surfaces. ‘Prisms, pyramids cylinders and cones. ¥
i '3.3. Development of lateral surfaces of solids w1th cut-outs and holes
Month: March 2019 Module/Unit: ‘Sub-umts planned
. 'Module IV : ‘4.1. Principles of isometric projection — 1sometr1c scale —Isometric | Covered
Lectures | Practical’s | Total Isometric and prO_]eCthl'lS of simple solids and truncated solids - Prisms, pyramids,
20 N A 20 | Perspective cyﬁpfiers, cones- combination of two solid objects in simple vertical
: Projections.Module positions and r.mscellafleogs problexps. . )
V : Computer 4.2: Perspective projection of simple solids-Prisms, pyramids and
N . cylinders by visual ray Method
Aided Drafting 5.1. Introduction to drafting packages (AUTOCAD) and demonstration
(Demonstration of their use.

Only
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le: Melting T

Month: Jan 2019 | Module/Un

Handling of
liquid metal

10 NA | 10

casting etc. economical output, management of liquid metal; handing devices,
preheating of laddles; use of vacuum assisted equipment for degasification, killing
and rimming of steels, inoculation in SG cast iron and its control

| e | Module¢/Unit: | Sub-units planned Remark
Lectures  Practical’s | Total Module Basics of melting scrap and smelting, handling and charactenzauon of scrap, Covered
—r ~ — I:Meltthg of | cleaning and bailing charge preparation'control and charge balartee, general =
2( N.A 20 ‘ primary and | methods of charging in furnaces, changes for SG cast iron. Role of flux; Reducing "
| secondary agents; Air reductants and chemical additives, in the furnaces; typ&s and, selection
| metals of furnaces suitable for specific metals; cupola, induction, rotary, pit furnaces their
3 operation and nature\characteristics of product there from; role of tcmperaturc and i
\‘ T superheat; acid; basic and neutral operafions; post melting treatnient and air
s [ = furnaces; melting of various N s H
L ‘ types of cast irn, steel, aluminum, brasg, SG cast iron.. K| il
‘Month : Januagy 2019 Modul@/Unit: | Sub-units planned b b i
Lectures  Practical’s | Total | Module II: Importance ofsmetal cleanliness; endogenous and exogenous 4nclusions; need of Ceovered
70 NoA 10 Composition | formation of n&ht quality and nature ofz slag; oxygen, chlorine or argon blowing to u
‘ R i control and improve melt quality; role of temperatute and super heat. 4 i
i melt quality: k! i R 3
:\i;-th: February 20]9 Module/Unit; | Sub-units planned; i Qi . N
, P ical’s ‘ Total | Module III: Control of fuel.consumption, quality of fuel coke in context to sulphur and ash, use | Covered
| - of hot blast cupola; method of producing hot blast. Use of recuperators and
10 N. A 10 | Efficient regenerators, regulation control of power input into the furnaces, comparison of
} Operation: power input into different furnaces.
Month: March 2019 “Module/Unit: | Sub-units planned
Lectures  Practical’s ' Total T Module 1V Different methods to consume liquid metal, ingot, pigging, power production, | Covered

e 0



sSemester: 1

Month: Jan, Feb, 2019,

Module/Unit: ,

Sub-units plannet-l 1

Remark;_

Lectures

Practical’s

Total

Module I
CASTING

N. A

W
w

A

v A0

YT

“

)

P N e T 1

1.1 Sand Casting, *.. !

1.2 Advantages of‘spec1a1 casting techmques over sand casting method
1.3 Plaster mold casting, - :

1.4 Permanent mold casting,

1.5 Die casting - %avny and pressure dlicastmg, Hot chamberfnd cold
chamber.

1.6 Centrifugal caétmg, J: 4
1.7 Shell mold castmg,

1.8 Investment castmg,

1.9 CO2 process o'f casting,
1.10 Continuous process.

) 2
g e

LR e SR
PO A s

Covered. .

P s = A1l

‘ﬁMonth

Module/Unit:

Sub-units planned

I_ccturm‘

:March 2019

Practical’s

'Ij‘ota.l

Module IT

15

N. A

15

DEFECTS

‘{ CASTINGS

Causes and remedies of following defects
2d Blow holes, Gas holés, Pin holes, g ‘& i ‘¢
2.2 Scabs, Hot tears, Cold cracks, Shrinkage cavity. j

Covered




__Seniester: IV

Month: Jan 2019 [ Module/Unit: Sub-umts planned & -: 3 Remark
Lectures \Practical’s Total Kjl‘odule I: ¥, 1.Covered
Introduction to ClasSxﬁcauon of various tests on the basis of type arid rate of loading;
10 \ - N.A 10 | Foundry Pringiples of different tests- tensile, compression, hardness, impact;
: Besting - : :
Month : Jinuary 2019 Module/Unit: Sub%units planned 9 i 1
¥ N : '+ 3 T Covered
Lectures | Practical’s | Total | Nidule II: Non | 10 Hs. g g { Cover
\P eals \ otat Destructive Prméxples, classification of kstmg techniques, merifs, demerits and field ]
10 S N.A 'ﬁesting of apphcatlons of various ndp destructive tests- v1st§al inspection, ; ki
4 s radxography, ultrasonic, magnetlc partlcle, eddy cument dye penetrant; 4
Month: Fébruary 2019 Module/Unit: | Subtunits planned e ¢
. Module III: v Covered
Lectures | Practical’s | Total . Optical Principles, methoding, applications;
10 “N.A 10 | Metallagraphy % % o i
tt}chniques v
Month: March 2019 Module/Unit: Sub-units planned
o Module I'V: ; ) / / Covered
Lectures | Practical’s | Total Electron Scanning Electron Microscopy, Transmission Electron Microscopy;
20 Microscopy, Optical emission spectrometer, Atomic absorption spectroscopy, Infrared
20 N.A Spectroscopy Spectroscopy, X-Ray Spectroscopy
Techniques

=T
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Rel_;_lark

Month: Jan Feb March WOdule/gnit: Sub-units planned 1
2019 : P i i f
Lectures | Practical’s | Tota] | Module I:1. Aims of failure analysis, Prime factors in the premature fiilure.of metallic | Covered
5 Functions of components and structures, Tools and techniques in failure analysis, Types of -
50 N.A:z 20 | Management failures: ductile, brittle, fatigue, creep, corrosion, wear €fc., fractf)graphy, z
9 ) mixed mode, and fatigue failures Ffiﬂure mcchamsms,_-,3 Embrittlement g
-{ Y phenomena, g¢nvironmental effects, Eadures due to .faul_tx‘l’he'at treatments, P
%;' ¥ Failures in metal forming and welding, Case stufiles ing failure analysis,
B 3 Prevention of*failures, case histories gf component failures. i i
1 i 2 i il 4
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