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Introduction*&«thesexam.

N4-PracticalMetalworking.
The National+4+PracticalsMetalworking coursesconsistse«of:
. 3*Unitsassessmentstasks
. Machine*Proccesses
. Fabricationeand«thermalsJoining
. Bench-Skills
. Added+Value+Unit - GardensLantern 100%
Thesfollowingeinformationscontainedswithin«thissbooklet.contains-allsthesinformation-required-to

fulfilecertainsoutcomessforsthesunits+of<thescourse.-ltsisstherefore«imperative«thatscandidates-are
fullysconversantswith«the«informationscontained-withinsthis<booklet.

N5<Practical°Metalworking.

ThesNational+5-coursesconsistseof:

. Externalsassessmentsby-examinationspaper 30%
. Internalsassessment+by-Course*AssessmentsTask - GardensLantern 70%
Thesexaminationspapersis+1+hourdong-andsconsists+ofsone+part:-
Metalworkeknowledge (Contenteofsthissbooklet)

The«graphics*knowledge-consists+ofeastotalsof 60 marks.
The«Course*AssessmenteTaskeconsists+*of 70 marks

Thesfollowingeinformationecontainedswithin«thissbooklet.contains-allsthesinformation-required-to
fulfilthissaspecteofsthesexaminationepaper.-lteissthereforesimperativesthatecandidates-are-«fully
conversantswithsthesinformationecontainedswithin<thissbooklet.




National*5*Exam+Question<Topics.
Thesfollowing-topicsewillshesassessed-in.thesexamepaper:

Measuringsand*markingeout:
A<knowledge+and-understanding-of<the-use-ofsthe-toolssand-equipmentslisted+below:

Scriber; scribing block; steel rule; combination set; engineer’s square; centre finder; spring
dividers; calipers: oddleg, inside, outside; micrometer: analogue and digital; Vernier calipers:
analogue and digital; centre punch; witness marks; surface table; angle block; vblock;
engineer’s blue; units of measurement; datum lines; functional dimensions; the need to
make-allowances«foreexpansion,sbending,sstretching,«forming,«trimming,*welding,*brazing+and
soldering.

Readingeand-interpretingedrawingsesandsdocuments:
workingsdrawings,pictorials«drawings,«diagrams, cutting-lists

orthographiceprojection

Scale

basicedrawingeconventions:sinestypes — outlines,scentre-ines,«fold«ines,*hidden-detail-and
dimension<ines
readingeandeextracting-«informationsfromsworkingsdrawings:«linear,radial,sangular-and
diametricedimensions

Materials:

Propertieseof<the*metalworkingsmaterials-listed<below:
ferrousemetals:esteel,*highscarbonesteel,iron
non-ferrousemetals:saluminium,scopper,snickel

alloys:+bronze,<brass, stainlessesteel
commonesections:esquare<bar,sround<bar,*hexagonalsbar,«anglesiron,-tube
sheet'materials:-tineplate,scopper,brass,-steel,«aluminium

Benchework:

theesafe-use-ofsthesfollowingsbenchstoolssand<their.componentsparts:
engineer’sevice,*ball-peinchammerecold-chisels,file-types:sflat,*~square,sround,sneedlesand-3
square,filesparts:stang,-safe-edge,shandle,ferrule,filescut:*>smooth,*2nd-cut-and-rough,filing
methods:scross-filing«and-draw-filing,*saws:*hacksaweand<juniorshacksaw,taps:staper,
intermediatesand<plug,<tapswrench,«drillssizes<forstapping,-dies:«adjustmenteofesplitedie,-die
stock, rivetesetsand-snap.

Sheet'metalstoolseandsmachines:
Theesafesuse-of+tools,*machines«andsequipmenteused-in.sheetsmetalwork-listed+-below:
folding<bars,foldingsmachine,snotchers,-guillotine,*hidesand-rubbersmallets, tinesnips+(straight,
curved, rightsand-leftshand),spop-riveter,sspotswelder.

Machine*Processes:

Theractionsecarried-outson«the*machines/processes-listed+-below:
pedestal/pillar«drill:«drillingeandscountersinking,*benchegrinders,scentre<lathe+processes:
facingeoff,sparallel-turning,stapersturning,schamfering,«drillingsand-use<ofs<compoundsslide,
millings-machines:svertical,*horizontal-and*CNC,«industrialscuttingsprocesses:«aser«and
plasma-cutters.

Machine-tools:

Theesafesuseofsthesequipmentsandsmachinery«parts-isted<below:
partseofscentre<athe:sheadstock,tailstock,toolspost,.compound-slide,«crosseslidesand+saddle,
lathe-cutting-tools:eft-hand<knife-tool,sright-hand knifestool,sknurling-tool,sparting-tool,*3-jaw
chuck,*4-jawschuck,*Jacob’sschuck,schuck<keys,revolvingscentre,smachinesvice.




Finishing:

The-finishingsprocesses-listed+below:
Planishing,+polishing,*bluing,*machine-finishings(ground,*milled),*preparation-and
applicationeofepaint-andspowder-dipscoating.

Safesworkingepractices:
Goode<practicessandesafe+systems«orsgeneralsworkshop+and-individual-activitieseas
appropriate.
Personalsprotectivesequipment:sapron,sgloves,ssafetyegoggles,-safetysspecs,svisors,
welding*masks.

Fabricationsand<thermalsjoining:

Thesprocessese andstechniques-listed+below:

thermal joining: welding (mig, spot and electric arc), soldering, brazing; mechanical fixing:
riveting (snaphead, countersink and pop), screwfixing; metalwork adhesives; heat
treatmentemethods:+sannealing,*hardeningsand«tempering.




Measuringeandsmarkingeout.
Toolseandeequipment

Tool Description

Theescribere iseastool*whicheis
Scriber usedsto "SCRIBE” orsmarkslines
onemetal.

A scribereblock issused-to-lay-out

lineseateassetsheightsfromethe
Scribing*Block  base,thus-itsssecond

name surfacesheightegauge or

just surfacesgauge.

A combination square«issa-tool
used«<forsmultiplespurposes-in
metalworking.ltsisscomposed-of-a
ruled<blade«and-one+orsmore
Combination*Set interchangeablesheadssthat'may
be-affixedsto-it.e Thesmostecommon
head-is«thesstandard-oresquare
headswhich<issused-to-lay-outeor
checkerightsand«45°-angles.

An<EngineerssSquaresisssimilarsto
theTrysSquare<except-itisssmaller
Engineer’s andsmade-ofmetal.-ltsissused-to
Square check<that-thesedges-of-thesplastic
oremetalsaressquare-orsto-scribe
lines-at*Right*Anglesstosan-edge.

The centreesquare issprobably-one
ofsthessimplest tools ever
designedeas-itsisscomposed-of
onlystwospieceseofsmaterial.*WWhen
placedeup+againsteasroundepiece
ofsmaterialesucheas+asround
sectioneofssteelsitecan+be-used-to
findsthe centre accurately.

CentreeFinder

Thesev<aree.used-tosmark-out
SpringeDividers circlessand-arcs+and-tosstep-out
equal-engthsealongealine.

Image

Square
head
Protractor

Rule/Blade




Tool

Oddlege-Callipers

Inside«Callipers

Outside<Calipers

Micrometer

Digital
micrometer

Vernierecalipers

Digitalecalipers

Description

Theseraresused-to*marke-outsines
on*metal+Parallelstosan-edge.

Insidescallipersearesused-to-test
theesdiameterseofsholes<orsthe
distances*betweenstwossurfaces
wheresitewould-be-difficultto-use-a
steelerule.

Outsideccalliperseare-used«for
testing-thesoutsidesdiameters-of
round<barseandsthickness-ofssheet
metalswhere-itsis«difficultstosuse-a
steel-rule.

Thisstool-iseusedstosmeasure-sizes
withegreateaccuracy.s The*most
commonlysusedsmicrometersecan
measure-tosonerhundredtheof-a
mm.* Thesmicrometer«isegenerally
useds«forrmeasuringeexternal
sizes.

Sameras a*micrometersbuteoffers
a«digitalsreading.

Theevernierecalliperseare«also
usedsforrmeasuringsverysaccurate
sizes.*Thesvernierscalliperscan
measurerinternalssizes,*«depths
andeexternal-sizes.

Sameras-a+Vernierscalipersebut
offersea<digitalereading.
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Tool

Centrespunch

Surfacestable

Angle*block

V-block

Steel*Rule

Description

Beforesmetalscan<be-drilled-withea
twistedrillsthe+surfacesmustebe
firstlyspunchedeusing-the+Centre
Punch.sThesreasonsfor<this-is«to
ensuresthe«drillsdoesenotsslip*on
theesurface.

A surface-table is«a

solid, flat plate usedeassthe*main
horizontal referenceplane for
precision«inspection, marking
out (layout),«and-tooling

setup. Thessurface<platesis-often
usedeas-the<baselinesfor-all
measurementsetosthesworkpiece.

Slotted+holes-or«"T"<boltsslots-are
machined-intosthessurfaces-to
enablesthessecureattachment-or
clampingeofsworkpieces-to-the
plate,sand-also<of-theplate-to-the
worktable.*Angle<plates-alsosmay
beeused-tohold-thesworkpiece
squarestosthestablesduring
marking-outeoperations.

V-Blocks are<precision
metalworkingejigs-typically-used-to
holdsroundsmetalsrods-orepipes<for
performingedrillingeorsmilling
operations.

The steelerule is«a*basic
measuringetool.sWhen-used
correctly,sasgood steelrule is+a
surprisinglysaccuratesmeasuring
device.

Image




MarkingeouteTipseandchints

Penseandspencilssdo*not.work-wellson*metal,sthey-rub-offseasilysand-don’tsshow-up-well.
Markingeoutsissshownebysscratched-ines.sTo*help-thesscratches-tosshow-up,<beforesmarking
out,«thessurface<of<thesmetalecan<be

coveredewithea-thin<ayereofsasquick-drying Egioner's Squars

inkecalled Engineer’s*Blue.-Marking-out

toolsescratcheaway<the*blue-ayerstosshow ag? Checking a square of metal

thescontrastingmetalscolour-underneath. heing an engineers square. The
5 are datum edge marks that

Beforesmarkingeout,«thesmetalsshould+be < point to the datum edges.

preparedeby-filing«two datumeedges,<from

whicheall'measurements-aresmade.

Thesesedgeseshould<besperfectly-straight
and<be«at*90°«to*each-other.

CombinationsSquare |

Theephotosshows-allsthreesheads-on<the-rule.+In-use,*only-one e,

head-ateastimeswould<be-onsthe-rule. w :\;‘}
F

I
IE Centressquare+beingeused-to-findsthescentre-of-a
e N;\\ disc.With-the-disceedges-touching-the-arms,draw-two-lines-at-different
ﬁi_-"f | . angles,swhere-theyscross-is-the-centre.

L Theeangleshead+beingeused-to«draw-acline-at-a-set
angle.

Engineer’s*Blue

Engineer's+blue is+a dye used«in metalworking to-aid

in markingeout rougheparts<for<furthersmachining.-ltsiseusedsto
staineorspainteasmetal-objectswith-asvery-thin-layer-ofsdye-that
can<berscratched-offeusingsa scriber reveal-a*bright,syetsvery
narroweline«insthesmetalsunderneath.-Thesadvantages-are<that
anyeexistingescratchesearescovered+with-thesdyesandsthe-new
linesshaverascontrastingsbackground.

Witnessemarks
| Ineordersthat+linesscan<be-seensmore-sclearlyfeint-dots,+called
- witnesssmarks.+cansbe-lightlyspunched«aroundsthe+entiresshape
(thatswillsbescut-out).*Ascentrespuncheiseused,«along-with-a
[=—=:1 hammer:+to-createswitnesssmarks.+*Rest-theswork-on-a<block-of
metalstoedo-this,*notein-asvice.




Datumelines
Usingethessame-pointsevery«timeswhen

markingeoutsyourecomponentswillsreduces
theschance<ofsaccumulating-astolerance
error.

25

A
Y

55

A
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80

A
Y

Usingedatume-lines

DimensionalsTolerances
When<productsearesmanufactured,sthey,«in'many-cases+havestosbe-ablestosbesassembled-to
others«componentsswhichemakesup-thescompletesproduct.-ltsissvery-difficultstosensuresthat«the
componentsearesthesexact-size+everystime,«therefore«to-allowsforsslight-mistakes-in
manufacturingwesuse-a-systemecalled+Tolerance.«This+allows«thescomponents-to*be*made
withinecertainssizesswhiche«in-<turn-allows«forsslightsmistakes-allowing-the.components-to-still
fit.

Insthe<firsteexample«given<overleafithescomponentshas-astolerance-ofs0.25mmeeithersway.
Thissmeans-thes.components«cansbe°made-withinsthe-sizes+19.75mm<020.25mm.+The
tolerancesevarysdependingswhateis*beingsmade.

Insthesexamplesshowneopposites(buttonsforsTVeremote) thesbuttonshas-beensmade-withea
tolerance-of*0.5mm.+Thissmeans-that+in-thesmanufacturingsprocess-it
willshaverasfull*immeallowance.*Thissdoesnotsseeme-a-lotsbut-in (

manufacturing«termseis+assubstantial-allowance. Q

Foreexample,sthe*heighteof-a+pin-ofsan-electricalsplug,«assshown+on
thesnextepage, is*10mm.sThescompany-has-determinedsthat-the-size
couldevarysbetween+9.75mmeand+10.25mmeand-stillbe-able-to-fitsin
theesslotsein«thessocket.-In-thisscase-astolerance+of0.5mmescould<be
applied«to<thisedimensionewithouteaffecting-the«function+of<the-part.
Thisesizesissnormally-stated+as+0.25mm.

[ ] Basic Length
. ® —
Basic Height Tl
10mm — - /
+ | a
’ o

L Tolerance + - 0.25mm
Tolerance +0.28mm - 1 1

Part of plastic Pen




Whenemanufacturingeoreconstructingean-itemeitsisevirtuallysimpossible<tosachieve+precisely-the
requiredesize<ofsthe-item.sTheserrorepermissiblesinsmanufacture-isscalledstolerance - this-is
normallysgiven+onsthesdrawing-ofs<thesitem.<Tolerancesswhich-affectsthessize+ofsan<object-or
featureeon-itearesreferredstosas-dimensionalstolerances.<They-are<alsosused-to-tolerance-the
size+ofsocating«features-on-an-iteme-in-relationstosanother.-Forsexample,sthe-required-<length+(or
basic+ength)-ofeparteofsasplasticepensclipsshown+belowsis*10mm.-Thissizescould+vary,sbetween
9.5mmeand+10.5mmeand-still«fitiin«thessloteprovidedsfor«itcon-thespen.«tolerance-ofs1mm,
normally-stated+as+- 0.5mmecould-therefore<beapplied-to-thesdimensionswithouteaffecting«the
functioneofsthespart.The-lengtheof-thesparteofsthe-clipscould<then<besmanufactured<to-any-size
between+9.5mmeand+10.5mmeand-stillsbe+acceptable.

Typescofe<Tolerance
Functional*&+non<functionalsdimensions

Thesremotesbuttoneand-theselectricalspin-ofsthesplugeshown-on«the F
previousepage-aresexamples+of<a functional«dimension as<they-are . . |
directly-affected<by-the-size-ofsboth.components.-Ifseitherswas-outswith-the
tolerance-allowed-theyswould-not-fit.

Whereasa non<functional«dimension would+be<theheighteof<the-inside NF
button«or«the+length«of-thespinswould+not-affect-thefitof-the-two |“—-’|
components.

Duestosasnumber-of-«differentsprocesses-involved-insthesmanufacture-of
products«in’metalwork-we*need<to‘make-allowances<foreexpansion,*bending,-stretching,

forming,«trimming,*welding,*brazingsandssolderingeetc.
Thestolerances<thateyousneed-towork-tosinsyour«Course*AssessmentsTaskeare:

Operaiion Tolerance

Individual Componenis

kiark img out +0.Emm

Flttimg work +0.Emm

5t eatal ok b +imm

Eemding work — shest metal +Imm

Eemding work — mistal =iripd bar +Emm

Forge processes (fwisiing, drawing down and +3mm

Tiaering

Assamibly, joining and filling

Functional sires +1.5mm Inear

Tre=m=ial joining FAInimum lsngin of 20
consistent in widin

Drilling and cownbersinking +H1.Emm

Faralel tumirg, *=Cimg amd chamiering +0.5mm Inear
+.Imm dizrreber

Unitseof*Measurement

Mostecountrieseuse<the Metric System,swhichsuses<thesmeasuringeunitsesuchsassmeterssand
gramseand-addseprefixes-like«kilo, millisandscentistoscounteorders-ofsmagnitude.-The-United
Stateseusessthe+older Imperial system,*where<thingss-aresmeasured-ins<feet,sinchessand+pounds.

1meters=+100-centimetres+s=+1000millimetres




Readingeand-interpreting«drawingsesandsdocuments.

Developmenteofsideas:*workingsdrawings
Workingsdrawingsecontain-allthesinformation-needed-to°make-the-design,
including:

edimensions

edetailssofe<components

ematerials

eassembly-instructions
Workingedrawingsearesnormallysdoneras-orthographiceprojections.

Orthographiceprojection
Orthographice«drawingseusuallysconsisteofsasfronteview,«asside+view+and-a plan,
butemoresviews+smay-besshownsforecomplex-objects-withelots-ofsdetail.*A«drawing
boarde«andsparallelsmotion-orsT-square-issused-tosprojecteonesview«romeanother.
Orthographicesdrawingsescan<be+produced«from*Computer-Aided-Design-software
foreexampleAutodeskelnventor.
Orthographicsdrawingsmay+besdone-using-firstsangle+projection-orsthirdeangle
projection.*We-use-the<thirdeanglesprojection‘method-in-the-UK.

First angle projection Third angle projection

Sectionalsandsassemblysdrawings
Someeproductsemay-need-assectionsdrawing-to

giveeextraestructuralsinformation,+orsan !
assemblysdrawing-tosshow*howsparts-fit ;
together. |
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PictorialsDrawings

Perspective:
Thererare«twostypes-ofsperspectivesviews.sThey-givea ‘realisticeview-ofsan-object
orsbuilding.*Often-used-tospromote-oreadvertisesan-item.

VP VP

) ) Twospointeperspective
Onepointeperspective

Oblique:
The*mainsadvantage+ofsan-obliquesviewsis<thatsthe-initial«drawingeis<2D.This
allowseus-toseasilysdrawescircles<beforesextending-thesshapeback-to-give-a-depth.
All«depthesizes-aresdrawn<halfssize-tosensuresthesdrawing<lookssmore-realistic.

Top

Side

45°
Typical

Oblique

Isometric:
Isometriceviewseare<often-used-in.engineeringeas<theyscan<givesasverysclearsiew
ofshoweascomponenteoreobjectewilllook.-This-iseespecially-sowithsexploded-views
whichehelpsshow*howsseverals«componentsearesassembled-together.

IsometriceView

ExplodedsIsometriceView

12



Scales
Scaling«drawings-allow-us-tosdraweexceptionally<large+objectsesuch+asshouses-on-any-size-of
papereavailablestoeus.<Tosenablesthisstochappenswe+havestosscalesevery-sizes(dimension)<by
theesame-sfactor.«i.e.-taking-thesexample-of-theshouse,severy«dimensionswould+have-tosbe-di
vided+by+say+100.-By-doing-thisswe-aresscaling DOWN the-size+ofstheshouse.\We-can-also
draweexceptionallyssmallsobjectselarger,sexamples-ofswhicheare,sthesminute-electronicschips
whichearesnowspartsofsour«everysday-ife.sThey-aressossmallswescould+notedrawsthemeas-they
areswehave+«to SCALE UP thesdrawing-tosbeable<to-drawsthem.

Whenswe-carryoutesasdrawingeusing-the<actualsdimensions,sthis«isscalled ‘fullesize’,sorsthe
drawingehasbeens«drawn-to-asscale<of 1:1. Foreeverys1mmedrawn,*1mmeisesrepresented.
Whenswe-scarryout-asdrawing-andereduce-allsthe-sizes-by-a<factoreofs2,i.e.«allsdimensions-are
divided<by+2,sthis-isescaling«downsthesdrawing.Thissmakes<thesdrawing-half-itseoriginal-size.
Whatsthe+1+&-2representeare,foreevery«1 mmedrawn-on+paper<the-actualssize+ofsthereal-ob
jecteise2mm.

Wescanralsorincrease-thessize+ofsan-objectsby-any-factor.sInsthesexamplesshown+oppositesthe
sizes*have+beencincreased-by-asfactor«ofs2.sThis-will'make-the-drawing-twice-itseoriginalsize.
The<2-is-stating-thatsforseverys1mme-actualssize+of<the-object,s2mme<havesbeen-drawn.-lfewe
increasedsthe-objectsby 10 thesscaleswould+be 10:1. Ifswe-sreduced-the+objects«dimensions
by«twenty-thesscaleswould+be 1:20.

Wescanealsoincrease-thessize+ofsan-objectsby-any-factor.-Insthesexamplesshown+oppositesthe
sizesehave<beenrincreasedsby-asfactor-ofs2..This-will'make-thesdrawingstwice-itseoriginalssize.
The<2-isestating-that«{forseverys1mmeactualssize+of-the+object,.2mm-+have<been-drawn.-Ifswe
increased-the+objectsby 10 thesscaleswould<be 10:1. Ifswe-reduced-the+objectssdimensions
by«twenty-thesscaleswould<be 1:20.

Witherespect-to*Engineeringsdrawings,there«areecrecommended-scalessforereductionsand«en
largement.<These<are-as<follows:-

Reduction:- 1:2,41:5,41:10,#1:20,+1:50,+1:100,°1:500,°and*1:1000
Enlargement:- 2:1,¢5:1,410:1,720:1,sand*50:1.

Thessize+ofsscalesused-is*mainlysdependanteonstwo-factors.sThese
factors are the;

Size of paper available; And the size of the object being drawn;
The«amounteofedetailerequired

E.g.-Ifshouse-was+beingsdrawneon-apiece+of-Ad+paper-opposedstora-sheet-of-A2+paper,«the
scalesused-will~obviouslyshave-to+be-differenteor«itewon’t«fitconto-the+page.
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Line*Types

Line*Type Image Description Use

Used+forsvisiblesoutlines+and

Outline+Solid Continuous-thick odges,
iecti Used<forsprojection,
Proli(iancetmn Continuouse<thin dimensioning,<leader-ines,

hatchingesandsshortecentrelines.

Hidden<Detail _ __ _ _ _ o ow. Dashed¢thin Usedsforshidden<outlines*and
Line line. edges.
ChainsLong
: R dash,dot, Usedsforecentre-lines, lines<of
CentreeLine or symmetry.
Chainethin.
o - — Chain-thin Usedsforesghostsoutlines*and
roldrtine double-dash bgend-Iines.
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Dimensioning

Smallsarrow

60

Smallsgapbetween-Leader
and-line<of«drawing

17

50

30

100

Shorteextension«(Leader)

K

30

30

\ Dimension

30

Note«theposition+ofsthe
dimensions*onseach-ofsthe
lines
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100

50

Allssizes<«in'mm

Noticeson<the+abovesdrawing-thatsthe«largest«dimension-issplaced+on-the-outside<of-sthessmaller

dimensions.*Where«there-is-a-limitedsspace«for«dimensioning,«thesdimensionscan<be*placed
above, or-indineswith,«thesextension+ofsone-ofsthesdimension-ines.«E.g.sthe<3mmedimension
uses<the*50mmedimension<leader.-ltsisealsosimportantswhensdimensioningenot-o«includesthe

unitseof*measurement.-As-can<beseen<fromsthe-drawingsabove, stateson-thesdrawing-the-uniteof

measurement.«i.e.+(Allssizes*inemm).

Theesectioned«drawing+oppositesshowsssome
possibilitiessforeputtingsasdiameterson+asdrawing.
Thiseissby*nosmeans-the-onlysmethod.

Ifsthessection.shownewas Square,«then-the

followingssymbolswould+be-used.

045

Dimensioning-the*Radius

65

@35

I
I
I
41

55

Radiisshould+besdimensionedsby-asdimension
linesthatspasses-through,-or-is«in-ineswith,«the
centresofstheearc.*Thes«dimension<inessshould
havesone<arrow+head-only,thatewhichstouches
theearc.sThessymbolReissplaced-in<fronteofsthe

dimension.

R10
R5

R5

R40
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i .. @40
Dimensioning-the » Al

. o
Diameter / 5\ A “}\
Diametersshould<be ' | .

1
dimensioned-+by-a -.\{- / k;:‘ﬁ j..l

dimension<inesthatspasses o

through,*oreis«in<ineswith 3 S

the+edges-ofsthescircle.sThe

dimension<inessshouldshaves-tworarrow+heads,-that'which<touches @40

perimetersofsthescircle.sThessymbol @ issplaced-in«fronteofsthesdimension. — —
Pitch Circle PCD 50

Theepitchecirclesdiametersis«thesdiameter
ofeascircularccomponentsthat-isto*be
manufactured.«Thisecircularecomponent
oftenshascholes«drilled-into-it.ltscan-also
besmodified«in-othersways.

AngularsDimensions

30°

60°

67°

¢y

60°

Notesthesposition+of<the
dimensions*on+each-of
theslines.

30°
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Axis*Dimensions |< Major Axis

Minor Axis

Dimensioning*AcrosseCorners/Flats

75AC B0AF

Cutting-List
Accutting-list,swhichecan-alsosbe*known-as-asmaterial-list,bill~ofematerials,*oreschedule-of
materialseisesimply-a-listing-ofsallsthe+parts-thatewillsbe-required-tosconstructeaproject.
This«informationecan<be<derived<fromemultiplessources:+asmeasured-orescaled-drawing,-a
mocked-up<projecteorsan-existingepiece<ofsfurniture.sMostecutting-lists«follow-thesconvention-of
listing-the:-

PartsName,*Quantity,sLength,*Width,sthicknesssandsmaterial-tosbe-used.

HaME HMIIMRIBER LENGTH WIOTH THICEMESS WA TERIALS
Tap 1 1K S40mim 20 pine

Aread ¥ Lalirmem Qmm 20mm

Drarnk

Lags 4 A0 DEmm o

Fromt ard E 10%0mmi Gomm Z0umim

hack rails

Ficke rails 4 A500mim almim 20mm

Slats 20 2 Smami A0mm 20mm
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Materials

Metals are usually classified into two main groups; FERROUS metals and NONFERROUS
metals.

FerroussMetals
These metals contain iron and are affected by magnetism (apart from stainless steel);
exampleseofssucheare+Castelron,*Mild-Steel,*High*Carbon-Steel,etc.

Non-Ferrous<Metals
As<thesname-implies¢(NON),<thisscategory-ofemetal-doessnotecontain«ironsand-is-usuallysnon-
magnetic; examples are, Aluminium, Copper, Brass, Duralumin, Lead, Gold, Silver, etc.

Metalsecan-also*be-grouped-intostwoe-categories:

Pure<Metals
Puresmetals-aresmade-up-from-onlysoneschemicalselement.Copper,sron,stin,<lead,*gold+-and
silvereare-all*examples-ofspuresmetalsswhich+have<beensmined<from<the-Earthsand-extracted
fromethesoresusing-asprocessecalledssmelting.

Alloys

An ALLOY is a mixture of pure metals or a metal with a substance such as carbon added;
examples-of-alloys-are:- Steel (Iron-&+Carbon), Duralumin (Aluminium<&+<Copper), Brass
(Copper<&<Zinc)+*& Bronze (Copper-&<Tin).

Alloying
Metals-are«alloyedstosimprovesthe-qualities+of<the«individualspuresmetals-e.g.+both.coppersand
tineasepuresmetals-are<bothesoftmetals-that-are-easilysbent-and-scratched.*When-alloyed
together«(90%-<coppersplus+10%-tin)«theysproduce+bronze-whicheis+hard,rigideand-resists
scratching.sBronze-iseusedsforeour ‘copper’ coins.

Corrosion
Whenschoosingsmetals, resistance«toscorrosion*matsbe«an<importants<factor.

Corrosionsisscaused+by-oxygen-in-<the«airrcombiningswith-thesatoms-ofsmetal,«atthessurface-of
thesmetal,sto-create-asnew-chemicalscalled+oxide,e.g. iron+oxideisscalledsrust.

In steel the rust layer is loose and can fall away; this exposes new atoms that will combine
witheoxygenstosformenew-rust.

In nonferrous metals the oxide layer is dense and does not fall away; this creates a barrier
tosthesoxygen-insthe<air;andsnewscorrosion+occurseverysslowly.sTheslayersisscalledstarnish.

Properties
Bothephysicalsand*mechanicalspropertiessvary-greatly-between-different'metalssand-alloys
andeare«an«importanteparteofsthe+selectioneprocess.
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FerrouseMetals

Name
Castelron

Mildesteel

Highecarbon

steel
(toolsteel)

High*Speed
Steel

Stainless
steel

Composition Properties

Iron
+3.5%
carbon

Iron

+40.15-0.35

%-ecarbon

Iron

+40.8 - 1.5%

carbon

Iron
Tungsten
Chromium
Vanadium

Iron
Chromium
Nickel

Magnesium

Smootheskinswithesoftecore,strong
whenecompressed,sselfdubricating,
cannotsbesbenteorsforged.

Ductile,*malleable«&stough,+high

tensilesstrengthe,spoorsresistancesto

corrosion,seasilyswelded.

Very<hard,erathersprittle,«difficult-to
cut,*pooreresistancestoscorrosion.

Veryehard,*heateresistant,sremains
hardswhen-red.

Tougheande<hard,scorrosion

resistant,swearsewell,«difficultstoscut, dishes,*saucepans,-etc.

bendeandsfile.

Uses

Vices, lathe*beds,*garden
bencheends, carsbrake
drums,-etc.

Car+Bodies,*washing
machine<bodies,nuts+&
bolts,*screws, nails,
girders,-etc.

Tool*blades<e.g.*saws,
chisels,sscrewdrivers,
punches,knives,files-etc.

Drills,«athescutting-tools,
millingecutters,spower
hacksaweblades-etc.

Cutlery,sinks,«teapots,

None¢Ferrous+<Metals

Name
Aluminium

Copper

Brass

Bronze

Tin

Zinc

Nickel

Composition

Pure*metal

Pure*metal

Copper
Zinc

Copper
Tin
Puresmetal

Pure*metal

Pure*metal

Properties

Goodestrength+/sweighteratio,
malleablesandeductile,difficultsto
weld,*non-toxic,resistsscorrosion,
conductseheatsand<electricityswell.
Polishes-well.

Tough,«ductilesand*malleable.
Conducts*heatsand-electricity-well.
Corrosioneresistant,ssoldersswell.
Polishes-well

Quiteshard, rigid,*solders-easily.
Good-conductor«ofsheateand
electricity.*Polishes-well

Tough,sstrong,*wearsevery-well,
goodecorrosioneresistance.

Weakeandesoft,smalleablesand
ductile,*excellentscorrosion
resistance,lowmeltingepoint.

Poosestrength/weighteratio,sweak,
ductile,~and*malleable,<lowmelting
point.«Casts-well.

Corrosion*Resistant,sductilesand
malleable,<highsmeltingepoint

Uses

Kitchen<foil,»~saucepans,
drinksecans,etc.

Electricalwire,scentral
heatingepipes,-circuit
boards,*saucepan<bases.

Waterstaps,lamps,+boat
fittings,*ornaments,«door
knockers.

Coins,*wheel*bearings,
statueseand-<boat-fittings.

Soldere(withelead),*coating
oversmildesteels(tinscan).

Coatingeoversmildssteel
(galvanising)-diescasings
used-inscarsee.g.
Carburettor.

Making-alloys-like
stainlessesteel,smachinery
foredlargesscaleschemicals,
batteries
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Formeof-Supply

Mostemetals-are-available«in-aswide+variety-ofsshapes-and-sizes+and-aresusuallysdescribed-by
theirscross-section.-i.e.what-they+ook-ikeswhen<they*havesbeenssawn-through.

Thesfollowingecrossesections-arestypical.examples-ofshowsmetals-aressupplied<to-thesschool

& 77

Round«Bar Square<Bar

workshop.

FlateBar

Hexagonal Octagonal+Bar Round<Tube

Bar

Square+Tube Rectangular Angle-lron
Tube

Sheet

Tineplate,«copper,<brass, steelsand-aluminium-are-available«in
sheetsform.
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Metal Properties

Density:
The amount of matter (mass) in a material.
Density Material
High Gold, Lead
Medium Copper, Steel
Low Woods, Plastics

Thermal Conductivity:

heat travels very slowly through it.

how fast heat can travel through a material. If a material is known as an insulating material,

Thermal Conductivity Material
High Copper, Aluminium
Medium Mild Steel, Tin
Low Woods, Polystyrene

Electrical Conductivity:

how fast electricity can travel through a material. A poor conductor is an insulator.

Electrical Conductivity Material
High Copper, Aluminium
Medium Mild Steel, Tin
Low Woods, Polystyrene
Fusibility:
'Flj'cr)lientr.neasure of how easy it is to melt the material. A highly fusible material has a low melting
Fusibility Material
High Tungsten, Chromium
Medium Copper, Steel
Low Zinc, Lead
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Thermal Expansion:
The amount of expansion that occurs when the material is heated. A high expansion material will be-
come noticeably larger when heated.

Thermal Expansion Material
High Polythene, Nylon
Medium Aluminium, Tin
Low Woods, Titanium

Mechanical Properties

Strength:
The measure of how well a material can withstand force without permanently breaking. There
are different types of strength measurements.

Tensile Strength
Resists stretching by the pull of forces and is an essential strength for cables, chains and
ropes.

Compressive Strength
Withstands pushing forces which try to crush or shorten.

Bending Strength
Has the ability to withstand forces attempting to bend.

Shear Strength _ _ _ _
Resists strong sliding forces in opposite directions.

Torsional Strength
Withstands twisting forces under torsion (torque).

Malleability:
The measure of how easily a material can be permanently deformed by compressive forces
e.g. hammering without cracking.

Malleability Material
High Copper, Aluminium
Medium Mild Steel, Bronze
Low Woods, Thermoset Plastics
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Ductility:
The measure of how easily a material can be permanently deformed, without breaking, by

bending, stretching or twisting.

Ductility Materlal
High Polypropylene, Copper
Medium Mild Steel, Bronze
Low Woods, Thermoset Plastics

Hardness:
The measure of how well a material resists scratching and being worn away by other

materials.

Hardness Material
High Diamond, Chromium
Medlum Mild Steel, Bronze
Low Woods, Thermoplastics

Toughness:
The measure of how well a material can stand up to sudden forces e.g. a hammer blow,

without cracking.

Toughness Material
High Polycarbonate, Copper
Medium Mild Steel, Brass
Low Glass, Polyester Resin

Brittleness:
The opposite of tough. Brittle materials cannot withstand sudden impact.

Durability:
The measure of how well a material stands up to weathering (the sun, cold, wind, rain,

corrosion and rotting).

Durability Material
High Gold, Tin
Medium Ceramics, Bronze
Low Mild Steel, Softwoods
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Bench*Work
Toolse«ande*equipment

Tool Description Image

Theevicesis*bolted-to-thesbenchstop
soeasetosensuresthesvicesdoesnot
moveswhilesworkingeon-it. The
vicesiseusedeprimarily«tosholdsmetal
Engineer’s*Vice whilescutting,*sawing,filing,+etc.
areecarried+out.s Asswithsthe
machinesvicesthe+body- has-also
been*CAST instworsseparate
pieces.

Thiseiseasgeneralsuseshammer
althoughsthesball*peinsend-of-the
Ball-PeinfHammer hammer-iseusede-specifically-to
roundsthe*heads-of-thessnapshead
rivet.

Theshacksaweiseusedsforegeneral

cuttingeof'metalsbar,-tubes,-etc.
Hacksaw Thesbladesiseeasilysremovedsby
slackeningeorstightening-ofsthe

k /

frontewingenut.

Thisetypesofessawsisalso-used-for

cuttingemetalsbuteiseused«fordight

workeorswhere«ashacksawe-isstoo
clumsy.

JuniorsHacksaw

Coldechiselseareschiselssfrom
Cold<Chisel metaleand-aresmade<frome<high
carbonesteel.

A file isea tool usedstoremove
File finesamountseofsmaterialsfromea
workpiece

screwsthreads.

. o .
Tap AsTapriseusedsforscreating-internal K\.‘m
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Tool

Tapewrench

Die

Diesstock

Rivet set and
shap

Description

A tapewrench issahandstool-used

toeturn taps oreotheresmallstools,

sucheas*handereamerseandsscrew
extractors

A<dieciseusedstocut-an<external
screwsthread

A«double-handled wrench for
turning-the dies used-insthreading
operationse(cuttingsthesmale
threadsesucheas+on-a-bolt).

Thise.comeseas-apairsallowingsyou
toesetethesriveteupsand«thens<from
theerivetshead.

Image
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Files

Filesearesused-toeremovessmall-amounts-ofsmetalsand<foresmooting-assurface-after-itshas<been
sawn.<They-aresmade«fromehighscarbonssteel-andscome-in‘manysshapes, sizessand+grades-ofscut..

HAMDILE

Tang i the back poimsen of
et Blade commponcsd ol e fils
wheie il imnst E b 4 kaalls

‘ BLADE

V4

Farmuls |z arimg or cap
attsched by an obkescl o
[probect apsinsk damage,
spiFENg, OF Wear.

The*mostecommonsfilesearesnamed-afterstheirecrossesection.

Flatsfile
-
Round¢file

i j————————————

3 squaretfile

Squarefile

w.

Halferound«file
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Sirgle Guf

Theeroughnesseof-afilesissknowne<by-itsecut.

Rough-cut
Used-firstetosgeterid-ofemost-ofstheswaste-quickly.
Leaves-a-rough-finish. —

Second-cut
Usedsto-filescloser<to-the-linesand«forsgeneralswork.
Leaveseareasonablyssmooth«finish.

Smoothecut
Usedsto-filestostheslinesand-to+providesassmooth-finish.

Ernooih

Oouibke Sunl

Cross-filing
In<thisstype-offiling-the<filesissmoved-across
thesworkepiece-using-thesfullslength-ofsthe
blade.Thissmethod-of-filing-issusedsfor
removalsof-a<otcofsmaterial-withseverysstroke
applied.

Drawefiling
In<thissmethod-<of<filing,thefile«is*smoved
sidewaysealong-thesworkepiece+and-issused-to
obtain-assmooth-finisheafterscrossiling. This
methodedoesenoteremove*muchematerial.

Cleaning-the-file
Smallepieceseofsaluminiumeoreplasticecan<be
trapped-insbetweensthe-teetheofsthe-file.» This«is
calledepinning.-A-filescardscan<be-usedsto-clear
the<filesofsthesexcesssmaterial.» The-filescard
lookseveryssimilarstosaswire<brusheexceptsthe
teethearesverysshort.

Safesedge
Some-flat<filesshave+assafesedge.*The-safe
edge-iscusefulstosuseswhen-filing«into-a
corner.sltestopssthe-filesfrom«filing-intosthe
otherssurface.
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StandardesScreweThreads

Thesscrew«thread-isasverysimportantsdetail |
in.engineering.-ltsiseused-tosholdparts
together.«(e.g.*bolts&+nut).and-to-transmit

powere(e.g.+vicesscrew).

ScreweCutting
Toesachieveean«internalsscrewsthread,+ashole*has-tobe
drilled-firsteandsthen<astool-called-a-tap-issused-to-cut
asthread-withinstheshole.*Taps-are*made<fromehigh
speedssteels(HSS).*Thestop-ofsthestap-isssquare
whicheenables-thestap-tosbesheldssecurely-in-astap
wrench,*whichecan<be+seen-opposite.

Tapseareegenerally-availablesin-sets-of<threesand-aresused-in<thesfollowing-order:-

1. TapereTap
2. Intermediate<Tap
3. PlugeTap

Asecan<berseencin-the«tapseabove,thesTapertapshassmuchesmallersteeth-atthesbottom-thansthe
Intermediatecor«the*Plug-taps. T hiseallows<thestaper<tapsto-get-started-bysmakingea+shallower
thread-cut.-The-tapers=cut-issfollowed-by-thesseconds-tap-which+haseslightlysmore-teeth.<Finally,
the<Plug-tapr-issused-whichewill'make-the-fullthreadscut. Remembertocuse-thescorrectecutting
lubricant.

! I

Taper Intermediate Plug

Internal*Threading

When-«tapping-asthread-insan-internalsholesthe-actual
diametereofsthe*holesto*be-drilled*mustsbessmallersthan
theeactualsoverallssize+of<thethread<tobe-cut.c An
explanationofsthissisesshown-insthe+sketch-opposite.

The«drawingeshows-that-ifsasholeswas-drilledswhichswas
thessame-size-as-the-threaded+bar,«the<barswouldsjust-fall
through.<Theholeswhichsmustsbe-drilled*must-therefore
beesmaller-sin.diametereso-as-to-allow-thestap-toscut-the
threads.
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DrillingeData

Thetablesbelowsshows«thesdiametereofsholeswhichswould<be-required<tosbe-drilled-prior
tostapping.<E.g.«if\an*M5+(Metric’smm)<thread+has-tosbe-cut,«thessize+of-hole-tosbe-drilled
willsbe*4.2mm.

ISO<MetriceCoarse*PitchsThreads
Diameter Tapping Clearance
M2 1.6mm 2.5mm
M2.5 2.1mm 3.0mm
M3 2.5mm 3.5mm
M4 3.3mm 4.5mm
M5 4.2mm 5.5mm
M6 5.0mm 6.5mm
M8 6.8mm 8.5mm
M10 8.5mm 10.5mm
M12 10.2mm 13.0mm

Blind*Hole

Acblind+hole-is+a*holeswhich<haseasbottometo-it.-Ifsa<blind-hole-is-tobe
threaded-itsisevery«importantstosensure<that«thesdepth-ofstheshole-is
established+beforescommencing-to-thread«the<hole.-lf«this-isenot
established-it'would+besveryseasy-tosbreaksthestaps.-A+piece-oftape
attachedsto-thestap-indicating-thesdepth-is-an-idealsway-of-avoiding-the
tapsfromebeingbroken<bybeing<forced-into-the<bottomeofstheshole.

ExternalsScrew«Cutting
Insthesprevious«fewspages-internalsscrew-cutting-was-explored.+ Externalsscrewescuttingewill

noweberinvestigated.« Toscutsan+externalsthread-on-asmetalsrod-a-tool-called-a DIE willsbe
used.

Circular-Split-Die

Thespicturesoppositesshowseassplitedie,-this-issthesmostecommon-type-of
dieeused-insthesschoolsworkshop.sThese-aresused-forecutting-external
threads.sThe«diesissmade«fromehighsspeedssteels(HSS).*To-assist*in
starting<the«threadscut,sthe-splitedieshas-assplitswhichsenablessthe-die<to
besopenedeslightly-thusecuttingeasshallowerscut.

Die*HoldereorsStock

The-<circularesplitedie-fitseinto-the«die
stockewithsthestaperedesside<ofsthe
thread+(showne<bystheswritingeonsthe
die).*Theesplitin-the-die-fitseopposite
thescentresscrewsto-allow-the+opening
andeclosingeof<the<die.*Thestwo
screwseatsthesside*hold«the-diein«the
stock.sTosensuresthe«diescanestart-to ’.

createsasthread+ons«therodsthe<rod
must-firstlysbestapered-atsthe+end.
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Riveting

Riveting-issthesprocess-of+oining-two*orsmore-pieces-of'metalstogetherepermanently.The
processeuses*metalsplugs,smorescommonlysknown-aserivets.sTo«formsthe<joint,sthesshank-of
thesrivetsisespasseds-througheaspreviously-drilled+hole-insthescomponentsstobejoined,itsissthen
cutstossizesandespread-orsshaped,-thusspreventing-thespartssfromeseparating.-Sketches-ofsthe
processearesshown-overleaf.

Rivetseare<classifiedsby-«thesshape-oftheshead,their«diameter-and+ength.«Commone-rivet
headsshapes-aresrounds(oresnap),scountersunk,span-andsflat.Otherstypes-ofsrivetsfound-in
thesworkshop-are<bifurcated-andepop-rivets.sIn.generalsthe<type-ofswork-atshand-will
determinesthestypecoferivetsto-use.

Snap*Head Countersink FlateHead Pop- Rivet
Rivet

Rivets are made in most types of metal; e.g. mild steel, copper, stainless steel, brass,
aluminium.» Wheneusingeasrivetealwayseensuresthat«the-rivetebeingeused-is-thessame*material
as-thesmetals+beingjoined-or-itswillsresultsincaggravatedscorrosion-at«the-rivetesite.

SnapeHead<Riveting*Process

Insthessketcheshown+oppositesthe-rivetsissplaced-through
thestwoesheets-ofsmetal.sThesshank-ofsthe-rivetsis-then-cut
tostheedesired<length.This<lengthe«isesgenerally+1.5«times
thesdiameter-ofsthesrivet.+E.g.«ifthesdiameter-ofsthe-rivetss
5mmethen<theength«tosbesmeasured-abovesthessheet
metaleon<thesshankswill*be 5mmex«1.5¢=+7.5mm.

Thesnextestage-of<thesoperation-isstosshape-the+sshank-of<the
rivetstosthesapproximatesshape-of<the-finalhead-using-the
Ball-Pienshammer.
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The-final-stage-is-tosplaceone-rivetssetsintosan*Engineers
vice,*placesthesrounded+head-of<therriveteintosthesindentsin-the
riveteseteaseshown.*Nexteplaces-the+othershalfsofsthe-rivetessetson
topeofithesshaped+head-and-hit-itswitheashammeresuntil-desired
shaped<has*been-achieved.

FeH
Horwir
Ergraan vy

Thessketcheoppositesshows-thescompleted-rivetingofstwo

sheetseofsmetalsusing-assnap-head-rivet.
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Sheet'metalstoolsesand*machines

Tool Description Image

Thesfoldingsbar«issusedswhen
foldingssheetsmetalsinsorder<to
Folding*Bars obtainea-straight,sneatsbend.sThey
areeusuallysheld-in-asvice«forssmall
scaleswork.

O

A folding*machine is+a
metalworking machine that-allows
the bending of sheetsmetal.sSome

. . models+only«allowssforssimple
FOIdmgomaChme bendseandscreases,whilesothers
canchaverinterchangeablesblocks
whichealsoallows+onestosformebox

andspaneshapes.

Notching isea metal-cutting
processeused+on sheet'metal or
thinebarstock,ssometimes+oneangle
Notcher sectionseorstube.*A+shearing
or punching processeiseused+in-a
press,ssotasstoscutevertically«down
andeperpendicularsto-thersurface,
workingsfromsthe+edge-of-a
workpiece.

\Q!
A-Guillotine,*also*knowne<as-a
bench shear,sissbench
mounted bladeswitheaslong<eaver
Guillotine makingeiteeasy-toscutssheet-metal.

[teiseusually-usedsforscuttingerough
shapes-outsof*medium-sized
pieceseofssheet'metal,sbutecannot
doedelicateswork.

Hicdoe Issused-toprotectsthessurfaces«rom
RaweHide-Mallet dentsewhen<bending'meta. Y g

Issused-toprotect-thessurfaces«from
dentsswhen<bendingsmeta.

Rubbersmallet
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Tool Description Image

Tinesnipsework-likesscissorseand
use«asshearingeaction-toscut«thin
Tinesnips sheetsmetal.-Straightesnipse-are

usedsforecutting+alongestraight ,
lines. ﬂ

Aspoperivetegun-iseusedstossecure

Poperivet-gun poperivetssinethespiece-ofswork.

Spot-welding
Alsosknowneaseresistanceswelding.This«isesuitablesforsthin.sheet
steel.lterelieseupon<passing-ascurrentsthrough«thessheets+ofsmetal
andsheating«themeupswheresthey-toucheeacheother,*because-this-is
wherestheresissmosteresistance.«(Electricaleresistance+produces
heat).
Twoeelectrodesesqueeze-thessheetsstogether«and+«then<pass-an
electricecurrentethrough<foreapproximately<2+seconds,«then<hold-until
thesweld-setse(2+0r+3sseconds)
Resistancesweldingsdoes<notsproduce-ascontinuous+weld.sThe
resulteis-like<a-ineofstackewelds+30+to*40smme-apart.

Tinesnips:

Curved-tinesnips
Curvedstinssnips+havesrounded+blades-designedsforstaskserequiring
cuttingecurveseore<circles. They-are+oftenssimilarsinsappearance+and
designetosstraightscutstinesnips,with+<longshandlessfor

control.

Universalstinesnips
Universalstinssnipsescan+be-used-forsstraightecuts-or
long,*widescurves. Theyraresavailablesineeithersstraight
handled,-left*handscranked-or-rightchandscranked
versions. A<failssafesmethod<oresremembering«thescut
orientation«ofesnips-issas<follows, “thessnipsswill-always
cuteascurverinsthe«direction+ofsthe<lowerscuttingsblade”.

Rext Cmi Right Cut  Smaighe Cut
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Machinesprocesses

Tool

Hand<Drill

Portable*Electric
Drill

Pedestal«drill

PillareDrill

Drill-Bit

Description

Thehandedrillcorswheelsbrace-is
usedetochold«andsturnstwistedrillseup
tos8mmeinsdiameter.Theschuck
has<three-self«centringsawsswhich
securely«grip-thesshank-ofsthe«drill.

Thesec«drillssaresusually-available
ineschoolsewithsasmaximumechuck
capacity-of+*13mmes(i.e.«can+hold-a
drills«diam.«of+13mmemaximum).

Veryesimilarstosaspillardrill-but
mounted+on<asworktop-orsbench

Theradjustablestableswhich
holds<thesworkepiecescan
slidesupeor«down«andscan<be
lockede-ateasdesirable*height.
Mounted-onsthesfloor.

Drillssaresmanufactured«fromehigh
speedessteels(H.S.S.)«orecarbon
steelsand-aresused-foredrilling
circularesholes«in‘metal,*plasticeor
wood.* Thesmostecommonetype-of
drillseused-are«thestwistedrills.
Thesec-drillsshavesthree<basic
parts,«a*point,sa+parallelbody-and
asshankewhichecan<beeither
parallel-or<tapered.

| &5 =

Image

LET 3
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Tool

Countersink
Drill/Rosesbit

BencheGrinder

CentreeLathe

CNC-Lathe

Millingsmachine
(vertical)

Millingemachine
(horizontal)

Description

Aecountersunkedrillsiseused-toscountersink
holes+in*wood,*metalsandsplastics-to
allowsthesaccommodation<ofea
countersunkescrew*head.This-allowssthe
screwswillsheadssitsbelowsthessurface-of
thesmaterial.

A benchegrinder issa benchtop type

of grindingsmachine usedsto

drive abrasiveswheelseusedsfor
sharpening-cuttingstoolsssuch-as tool
bits, drillbits, chisels,sand gouges.
Alternatively,-ittmaybe-used-to-roughly
shape*metal-priors<to welding or-fitting.

The<CentresLatheiseused-tosmanufacture
cylindricalsshapessfromeasrange-of
materials including; steels and plastics.
Many-ofsthescomponentssthatsgotogether
tomake<an+engineswork<have+been
manufacturedeusinglathes.sThese*may
beslathes+operated-directly-by+people.or
computerecontrolled-lathes«(CNC
machines)-thatshave*been+sprogrammed
toecarry-outsasparticular<task.

Computerscontrolled<lathess(CNC
machines)-thatshave<beensprogrammed
toecarry-outeasparticularstask.

Millingsmachines-aresverysversatile.They
areeusuallysused-tomachine-flat
surfaces,butecan-alsosproducesirregular
surfaces.*Theyscanealso*be-used-to drill,
bore,scutegears,sandsproduces-slots.
Milling'-machinesearesverysversatile.sThey
areeusuallysused-tomachine-flat
surfaces,butecanalsosproducesirregular
surfaces.<They-can-alsosbe-used-to drill,
bore,scutegears,«and-produce-slots.-In
the vertical'mill thesspindle<axis«is
verticallysorientede.

This horizontal millersissusedswhen
a vertical millersis<lessesuitable.

Image
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Tool

Millingsmachine
(CNC)

Laserscutter

PlasmaCutter

Centre*Drill

Description

CNCemilling is-a*specificsform

of computersnumericalscontrolled (CNC)
machining. Milling itselfsissasmachining
processesimilarstosbothedrilling«and
cutting,«and-ablestosachieve*many-of«the
operationseperformed<by-cuttingsand
drillingemachines.-Like

drilling, milling useseasrotatingecylindrical
cutting-tool.

Laserscutting is«a+precise‘method

of cutting a~design<fromea-givensmaterial
using+a*CAD-filesto,guide-it.sThere<are
threesmainstypes-of /asers used-in<the
industry:*CO2 Jasers, Nd«and*Nd-YAG.
his«involves-firing+a laser whichscutssby
melting,*burningeorsvaporizingeyour
material.

Plasma-cutting (plasma arc cutting)-is-a
meltingsprocesseinswhich-a<jet-ofsionised
gasratstemperaturessabove<20,000°C-is
used-tomelt-and-expelsmaterialsfromsthe
cut.sDuring-thesprocess,+an-electricearceis
struckebetween-an-electrode+(cathode)
and-thesworkpiece+(anode).

Thiseisea«drillsandscountersinkscombined.
Itsiseusedsto-drillsashole“insone+send-of-a
piecerofsbarssoras-tosaccommodate-the
revolvingecentresassshown<below.* Aseitsis
notepossiblestospuncheholes<prior«o
drillingsthescentre-drillsiseused-first.

Image
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CentresLathe

Thespurposecofeascentre lathesisstosshapesmetal-bar-intosvariousedesiredsshapes.<A-typical
example-issthesnut-&-boltcassembly-seen-earlier«in<thissbooklet.sThesworkepieces(metal+bar)-is
secured-tora-rotating-three+aw-chuck.sThe-tools*whichsaresmade-from+High*Speed-Steels(HSS)
areesecured-in-thestool*post.sAn-electricemotorsspins-thesworkepiece-toswhich<«the-cutting-tools
ares<then<brought-intoscontactswith«thesmetal<bar.

Three Jaw
Chuck Tallstock

Tood Post
Head Stock ':lﬂll'l'lpﬂlll'ﬂ:l

., r/

Lathe Bed
Gear Box
Cross Slide Handle

Handla

Theswork,snormally-rotatingstowardssthe+operator,s«can<bessetup-between-two-centresswhich
engage-inecountersunkeholes-ateeithersend,or«itscan<be-gripped-in+aschuck-or<bolted-to-a<face-
plate.sThe-cutting-tool,»mounted-on-top-of<thescarriage,*«canbe*moved-along«thesmachine<or
squareracross-it-and<these-two*motions+perform«the<basic<functions-insthesgeneration-ofsastrue
cylinder.sThe<lengthwisestraverse«ofsthestoolsissccommonly-referred«to-as+sliding'swhichsproduces
asround<face«and<thescross-traverse+as<'surfacing's(ors facing')swhicheproduces-a-flatesurface.
In-addition-to-slidingsandesurfacing,theathescan<be-used-toproduce-tapered-work,toscutsscrew
threads,foreboringeand-recessing,foreprofiling«(shaping-toscontours),whilststheschucks+and«face-
platesscan<be-used-in‘machining-asvariety-ofsflat,scylindricalsor«irregularsforms.-A-furthererange-of
operationsecan<besundertaken<by-reversingsthe+locations-ofstoolsand-work,thestoolsrotating-whilst
theswork-issheld+on<thescarriage+sand-broughteup-to-thestool.
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Facing-Off | p— : api

Beforesstarting-toeshape«thesmetal-bar-itsiseessential-to«face
offsthesendeof<the<bar.-This<basically'means-tosmake-the
end-ofsthe<bareperfectlyssquare-to-the-sides-ofsthebar.

When-<facing-offeaspiece-ofsround-bar-itsiseessentialsto
ensure<thescutting-knife<is<lined-up-centrally<to<the<piece-of =
bar.e Ifsiteisenotea “pip” will«developswhichsmeanssthe<face-of S

thesbarswillsnotsbestruly-flat. - R
Commy by
ParallelTurning
Thisstechnique*moves-the-toolparallel-to-thescentre-axis-of | _Je——
thesbareasscan+be+seen+<fromsthe«drawing.
- .

TapereTurning

This«isswheresthe«tool*moves-along-«the<barsatean<angle
movingsfurthersaway«fromsthescentre«axis+of<the<bar.

Parting-Off

Wheneallturningswork+has<beenscompleted-the-final-task-is
to “Part-Off” (remove-thesturned-piece«from«the<baresecured
in«the<three<awschuck).

Cariiind p—
dide Hardle = 1k
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Chamfering
Assmallstaper,scalled«aschamferscan<beput-onto-a-piece-of
metalbyssharpeningeastoolsup-tosthe-required-angle.*This
isequitesuseful-for<finishing-thesend-of-a+bareoff..Instead-of
aschamfereassmalleradiusscould<beput-ontothe<bar-by
sharpeningsupra-suitablestool.

Drillingeon<Centre-Lathe

Whenedrillingeonsthe<lathesthe«drillsis
stationary<and<thesworksrevolves.«This-is
thesoppositesofsaspillar«drill.
Theedrillsissheld«in-aschuck-in<the
tailstocke-ofsthe<lathe.sThesworkerotates
andsthe«drillsissmoved-up-tostheswork-by
turning«theswheel-on<the+end-of<the
tailstock.
Beforeeusingeastwist«drillsascentre«drill
should-always<be-used-on-asslowsspeed
toslocatesthescentre<of<thesbarsbeing-drilled.<Asnormalstwistedrills«does-not-go-to-a+pointsand
willsnotsfind<the-centre.
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Machine<Tools

Tool

LefteHand<Knife
Tool

RighteHand<*Knife

tool

Round*Nose*Tool

Parting<Tool

FormeTool

KnurlingeTool

Description

Left-hand<knifestoolsscan<be-used
toecutstoealeft-handed-shouldereor
cutealongetheswork«romeleft«to
right.

Right-hand<knifestoolsscan<be-used
tosface-offsthe-right-hand-end-of-a
bar,stoecut-to-a-right-handed
shoulder,+orsto-cutealong<theswork
fromerightstocleft.

Roundenosedstoolsscansbe-usedsto
cuteineeitheredirectionsandstoscutsto
left- oreright-handed-shoulders
where<asradiusedecornersis
wanted.

Partingeuses a<blade-like
cutting tool plunged-directly-into
thesworkpiece-toscut-off¢the
workpiecerateasspecificilength.

Formetoolsecan<be-specially
groundstosproducerany-required
shape,ssucheas«thescurved-top-ofsa
turnedescrewdrivershandle.

Knurling issa*manufacturing
process, typicallysconducted-on-a
lathe,swhereby-aspattern-of
straight,sangled-orscrossed-ines-is
cuteorerolled«intosthesmaterial.

Image
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Tool Description

asdevicesthatsholds-asworkpiecerin+aslathe
oretoolsin+a«drill,*havingsasnumber-of

3 JawsChuck adjustable jaws gearedstosmovesinsunison
toescentralizesthesworkpiece-orstool.

Whilststhe+4-jaw+independent
chuckeis-indispensable«forsholding
workeofsirregularsshape+andsforeoff-
centresturning,«its«can-alsosbesused
forsholdingesquares-orsrounds.
Centring-takes-a-littleslongersbut-it
can¢bedonesvery-accurately-using
eacheindividualjaw+adjustment.

4 Jaw+*Chuck

This<tool«iseplaced-in-thestailstock
Jacobsechuck ofsthescentre<athesand-issusedsto
holdstwistedrills.

Theerevolvingscentresisssecured-in
the-tailstock.sThe<bar<tobe-turned
isssecuredeatsonesend-by-the
chuckeand<held-ineplace-at-the
othereendeusing-thesrevolving
centre.*Theerevolvingscentre
allows«the<bar<to-rotate«freely
allowing-turning-betweenescentres.

Revolving*Centre

Chuck*Key - lathe

Thestool-usedstos-tightensmostedrill

and latheschucks.-A«device-used-to
loosen-oretighten«the<boltseor«camelocks
on<he chuck.

Chuck<Key - drill

Image

42




Tool

Machine+<Vice

Hand+Vice

Toolmaker’s
clamps

Mole«Grips

Description Image

This<type-ofevice-iseused-to-hold
heavierepieces+ofmetalwhile
drilling.sThe*main<body-ofsthevice
has<beenscastsinsasmould.*The
handle+ofsthesvice*has+been
knurled.

This«iseused«forsholdingesmall-and d

especially«irregularsshapedeparts
while«drilling,rivetingeetc.

Theseraree.used«toholdsparts
togetherswhilesmarking-out,
shapingeand-drilling.

Mole-grips,+also*knowneas*'locking

pliers',sare+ashandstoolswith — i —
adjustable+jawsswhichscan<be — Ty
locked intosplace+around-an-object R——.
tosholdeitsfirmly.
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HeateTreatment
Wheneasmetalsisecold*worked,i.e.swhen-itsisscut,sbeaten,shammered,bent,stwisted-or
shaped,<etc.«atsnormalsroome«temperature,stremendous-internalsforces-aressetsup-withineits
grainestructuresands-thesmetalsbecomes-extremelyshard-and-liablestossplit.sThesterm ‘heat
treatment’ is«applied-tosmetals-thateundergossomesformeofsheatingsprocessein-ordersto
changestheirsproperties.
Generally,sany+heatingsprocessecarried-outeon-assolidsmetal-is-referred-«tosas+heat-streatment.
Heatetreatmentseinvolvesprocessesssuch+as«annealing,snormalising,«forging,hardening,
tempering,«etc.

WorkeHardened
Ifsasmaterial*has+been<bent,chammered-orstwistedsconsistentlysoversasperiod-ofstime-the
metalswill‘tbe WorkeHardened. Whateissmeantsby-this, is,«the-tiny*moleculesswhichsmake-up
thesmetal-havesbeen+pushed-and-«twisted-outeof-their-originalspositions«thussmakingsthe
metalsvery-iablestosbreaking.+Thisscan+be-fixedsby Annealing thesmetal.

Annealing
Thiseprocess*makessthesmetalsasesofteasepossible-to-relieve-thesinternalsstresses,sand*make
iteeasier«tosshape.<Thesannealingsprocessegenerally«involves+heatingeup-to-ascertain
temperature+andeallowingetoscool,seithersin<the-air«orsinwater«depending-on-the*material
beingsannealed.-lfssoap-is-applied-to*Aluminiumepriorstocheating-itswillturn Black when<the
correctstemperatureshas+beensreached.

Tempering
Thissprocesseinvolves+heatingsthesmetalstosvarious«temperaturessand<then<mmediately
quenchingeitsinewater.-As<«the*metal-is-being-heated-itechanges-colourestartingswith-a+pale
strawstosdarkestraw-to-reddishsbrown<topurple<then-dark<blue.-Dependantesonswhat
propertiesearesrequired-ofsthe-steel-being-stempered-will«determinesswhat-heat-itswillsbe
heated+to.*E.g.*when-itereaches<a-darksbluescolour-itsis-at-300° C.*These-colours-are-known
as* TEMPERING-COLOURS.

CaseHardening
Mild-steelscannotsbehardened-and-stempered-as-itsscarbonscontenteis-too-low.\Whats«can<be
donesisstoeprovide-itewitheashard-outerscase.-In<thiseprocess-<thesmetal-issheated-to-a-bright
red+heateand-thene<rolled«insa* carbonerichepowder.sThescarbon-issabsorbed-into«thesskin<of
thesmetalsthussmaking-iteveryshard-onsthe+outersskin.<Thisstypeofsmetal-is-ideal<for
componentsesucheassgearswheelsswhicherequire<tosbeshard-wearing.

Hardening
Tosenablescarbonesteels(i.e.stoolssteel)to*be-usedforsthe-widesvariety-ofstoolseand-articles
thateare*necessary-in«thesschool-workshop+and-in-<industry-itsmust-firstebehardened,then
tempered.
Takingea*highecarbonesscrewdriver<blade«for.example,«this«issHARDENEDby*heatingeit
slowlystosasdullscherry-coloursand-<thensquenchingeitsin-oil*or<tepid-water.sWhen-thisepart-of
thesprocesshas<been-<carried-out,itsissunusable.-Although-itsiseveryshard-itsisealsosvery-brittle
(i.e.«itecan<breake-veryeeasily).*To'make-the*hardened-steel-usable-itmustsnow-be
TEMPERED,«i.e..given<propertiesssuch+as-toughness,elasticity,strength.

Malleability
This<is-the-abilitysofsasmaterial-toswithstand+beingshammered, rolled+or-bentswithoutsthe
materialsbreaking.

Ductility
Thiseissthe-ability-of-a*material-toswithstand+beingestretched-without«the
materialsbreaking.
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Toughness
Thiseproperty-ofsthesmaterialsis-thesamounteofsenergy-itecan-absorb-withoutsbreakingsand
measures-itseabilitystoswithstandsshocks.- Itsissthesoppositesofsbrittleness.

Flattening
This«involvessthe+heatingeand-re-heating-of<thesmetal-barsand-hammering-iteuntilsthe-desired
flatness-is+sachieved.

Drawing*Down
Thiseinvolvessthe*heatingsand-re-heatingeof¢thesmetal-bar-andshammering-iteuntil<asdesired
pointsis,achieved.

Twisting
Asecan<besseensfrom«thessketch-opposite,sthemetalsbarsissheated-untilered<hot, itsisthen
twistedsto«the«desired+shape.

Heat Applied
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How Welding Works

Welding

Welding is the process
pf joining two pieces of
metal together using
very high heat and an
additional filler metal.
The filler metal used
must be the same type
pf metal being
bermanently joined.

.#;I;rl_'r‘ll.'ll =
3 C':r‘lll'll'_ll'_'

Soldering

Soldering is the process of

permanently joining two pieces of '
metal together using a mixture of tin

and lead. Mixing these two metals

reduces the overall melting

temperature enough to melt the

solder using a soldering iron (a heated

piece of metal attached to a handle) .

Brazing /...-‘

This process is very similar to soldering in
that it uses an alloy heated to it's melting
temperature to join two pieces of metal
together. When Brazing, the filler metal
used is called BRAZING SPELTER, which is
an alloy of copper and zinc (BRASS). The
heat is generated by the use of a blow torch.
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Finishing

Typescof<finishes

Thespurpose«ofeapplying-asfinishetosaspiece-ofsmetal-is<tosprotecteitsfrom
tarnishingeorecorrosion(rusting).* Think-ofsasmetal-artefacts(say-abike)-was-tosbe-constructed
and-lefteoutsideswithouteanyprotectivescoatings(paint),show-ong-dosyousthink-itswould-take
beforesiterusted?<Notevery+long!s Thereforesmetalsshavestosbe-protected<fromerain,ssnow,etc.
Theresissasnumbereofsways-ofsdoing-this«depending-on<the-type-of*metalsbeingprotected.
Thesfollowingsexamples-are<justssome*methods-ofeprotecting-metals.

Painting

Paintseare«applied-to*bikes,*garden+gates, bridges,swashingsmachines,etc:because-these
artefactsearesgenerallysmade<fromesteel.« Paintseare-usually-applied-this-type-ofsmetal
because-theyscome-insvarious«formsesandsmanyscolours.

Lacquering
Thissiseveryssimilarstosvarnishing,-it«can<beappliedswithea<brush«orscan<be+sprayed-on. The
purposeofeusing-thisstype-ofsfinish,eis, ifsthesbasemetal-has-asnicescoloursto-itee.g.«copper-or
brass,it-allowssthisscolour<tosbe+seen<buteat-thessame-timesprotecting-it.

Bluing
Thissprocesseinvolves+heating-the*metalsup+and-dipping-itsin-asbath-ofoil,seaving-itstoscool
andswipingedrys-witheascloth.

Oil Blacking

This traditional and simple process is normally applied to forged steel products. The steel is
heated to a dull red and then quenched in a high flash point oil. The oil burns black onto the
surface providing a thin protective skin that can be lacquered to provide additional protection.

Enamelling

This process uses powdered glass which is melted to flow over the metal to give a hard,
colourful and protective finish.

Vitreous (stove) enamelling is used on steel for equipment such as cookers and provides a
finish which is heat, chemical, wear and corrosion resistant. Enamelled jewellery is made
using a base metal such as copper or gilding metal. Small enamelling kilns are used for this
purpose.

Electroplating

Electroplating is used to give metals such as copper and brass a decorative, protective finish.
The product to be coated is immersed in a metallic salt solution called and electrolyte. A
current is passed between the metal to be used for the coating and the product causing
deposits of the coating to be formed on the product. Electroplating us used for chrome-
plating taps and silver-plating jewellery.

Anodising

Anodising is a process that is used on aluminium to thicken the oxide layer of the surface. It
is an electro process similar to electroplating except that no other metal is introduced.
Coloured dyes are added to the process to provide a colourful ‘metallic’ surface finish.
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PlasticeDip*Coating

Ifeasferrousemetalsiseefteiinthesatmosphere
foreadlengtheofstimesitswillerust.« Ineorder-to
preventsthis«{romeoccurring-asbarrierchas
tosbesplaced-between-the.metalsand-the
atmosphere.» One*method-ofsdoing-this-is
protecting-thesmetalswithea<plasticecoating.

This can be applied to most metals and is used on
wire metal baskets, racks and handles for tools
such as scissors and pliers.

The coating process, fluidisation, takes place in a
tank called the fluidiser. The tank contains
powdered plastic with air passing through it, which
makes the powder behave like a liquid. When the
hot metal is dipped into the powder, it melts onto
the surface and bonds to the metal.

A<plasticecoating-is+applied-in<thesfollowing-way:-

Thoroughlyscleansand+degrease-thesmetal.
Heatsthe-metal+to+180° degree+C-in-an-oven.
Dip«thesmetalsinto-the«fluidised<plasticsspowder
forsasfeweseconds.
Return-itstosthesoven-tosfuse<thescoatingsto-a
smootheglass-finish.sLeave«to-cool.

h wWh~

Fluidiser

If the surface finish appears gritty, the metal has not been heated to a hot enough temperature

before dipping into the plastic.
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3 jaw chuck

4 jaw chuck

Alloys

Aluminium

angle block
Annealing
Anodising

ball pein hammer
bench grinder
bending strength
blind hole

Bluing

Brass

Brazing

Brittleness

Bronze

case hardening
castiron

centre drill

centre finder
centre lathe

centre punch
Chamfering

chuck key

cleaning the file
CNC lathe

cold chisel
combination set
combination square
compressive strength
Copper

Corrosion
countersink drill bit
cross filing

cutting lists

datum lines
Density

Die

die stock

die stock

digital callipers
digital micrometer
dimensional tolerances
Dimensioning

dip coating

draw filing

drawing down

drill bit

drilling on centre lathe
Ductility

Durability
electrical conductivity
Electroplating
Enamelling
engineer's blue
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42
19
20

44
47
25
36
23
30
47
20
46
24
20
44
20
37

36, 38

40
42
28
36
25

23
20
19
36
28
18

22
26
26
30

15-18
48
28
45
36
40
24
24
22
47
47

Glossary

engineer's square
engineer's vice
external screw cutting
facing off

Ferrous

File

Files

Flattening
folding bars
folding machine
form tool

forms of supply
functional dimension
Fusibility
Guillotine
Hacksaw

hand drill

hand vice
Hardening
Hardness

heat treatment
high carbon steel
high speed steel
inside callipers
internal threading
Isometric

jacobs chuck
junior hacksaw
knurling tool
Lacquering

laser cutter

left hand knife tool
line types
machine vice
Malleability
Micrometer

mild steel

milling machine
mole grips

Nickel

non ferrous
non-functional dimension
Notcher

Oblique

oddleg callipers
oil blacking
Orthographic
outside callipers
Painting

parallel turning
parting off
parting tool
pedestal drill
Perspective

pillar drill
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30
39
19
25
27
45
33
33
41
21
10
22
33
25
35
43
44
24
44
20
20

29
12
42
25
41
47
37
41
14
43
23

20
36
43
20
19
10
33
12

47
11

47
39
39
41
35
12
35

plasma cutter

pop rivet gun
portable electric drill
pure metals

raw hide mallet
revolving centre
right hand knife tool
rivet set and snap
Rivets

rough cut

round nose tool
rubber mallet
safe edge

Scales

screw cutting
Scriber

scribing block
second cut
Sectional

shear strength
smooth cut

snap head riveting
Soldering

split die

spot welding
spring dividers
stainless steel
steel rule
Strength

surface table

Tap

tap wrench

taper turning
Taps

Tempering

tensile strength
thermal conductivity
thermal expansion
Tin

tin snips

tool steel
toolmaker's clamp
torsional strength
Toughness
Toughness
Twisting

units of measurement
V block

vernier callipers
Welding

witness marks
work hardened
Zinc
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28
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28
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34
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