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BASIC STUDENTREQINREMENTS( CLASSROOM) 1. DrawingBoard,Desh or Table Pencils: 2. Drawing orMechanical, lines a. ZWmlead for initial construction b. HB/F leadfor final drawinglines c. 5W6H leadfor work requiringextremeaccuracy d. B/2B leadfor free-handiketchingand lettering a J.
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plastic PencilErasers:Rubber,or rubberized with millimeterscale Straight-edge Compass Divider Protractor Irregular,or Frenctr,Curve
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T-Square Triangles:30" - 60" and45o ( 4" to 6" sides) Metric TriangularScale ErasingShield
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 CHAPTER I INTRODUCTION problemrcm be solvedmoroeasilyby grryhicaltran by mathematical Mmy engigeering solutions.For example,a sheetmehl prt canbs laid outgraphicallyon a flat surfacefairly easily, whereasit would be more difficult (and less &scriptive) to describethe outline of that part mathematically.The clearancebetweenconbol c$les of a machinecan be determinedand describedgraphically,andagainit might be moredifficult (andlesseasyto visualize)to describe tre clearancebetweentre cablesmdhematically.Thegrryhicalsolutionsto geomehicproblemsis calledDESCRIPTIVEGEOMETRY. To moreftlly appreciatetherelationshipbehveenDescriptiveGeomeb;randEngineering arenecessry: Dctionarydefinitions DrawingthefollowingWebster's -- That branchof mathematics propertiesand which investigates relationships, Geomeh-v angles; properties and lines and be science ftat heats on the of surfaces, solids, measurements thetheoryof spaceandfiguresin space. relationsof spatialmagnitudes; PlaneGeomebv-- Thatbranchof geomehydealingwith planefigures. SolidGeomebv-- Thegeomebyof solidfigrrres. in whichpositionis indicatedby algebraic AnalyticGeomebv-- The branchof geomeb-y symbols,andsolutionsareobtainedby algebraicanalysis.
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DESCRIPTIVEGEOMETRY-- The theoryofgeomeh-yheatedby meansof projections, and thetheoryof projectingan exactlydefinedbodyso as to deducebothprojectirre specifically, mebicalpropertiesfrom irc projection wi0r mathematicalrules and Graphics-- The art of making drawingsin accordance dreories. Dra,vinq-- The r-t of pichring objects,or a scene,in such awwya.sto show. Perspective themastheyappearto theeyewith referenceto relativedistanceor dep$ObliqueDraving -- The art of picturingobjectsin sucha way as to show dremin bue a,\es. ontheothertwo dimensional shapein only one(frontal)view, uftile slantedby 45 degrees IsometricDrawing-- A methodof drawingfiguresmd mapsso that thee dimensionsare shownnot in perspective,but in theirachralmeafirements. to Projection-- A projectionin which6e projectionlinesareperpendicular Orthonraphic Sreplaneofprojection.



 Sketches-- Free-handdraring usingonly pryer and pencil, and uzually re not madeto anyscale. Drawin$ -- A term appliedgenerallyto all drafting activities,but more specificallyto t op u.ilgsrdiory scale,.r difrtroiiated from troseusing specialscales(or actualprojections), or to thosedonefee-hmd (sketches). projections-- The representation of fre surfacesof m objecton apichre plane- Behind anobjectiJa spacerelationshipinvolvingfotn imaginarythings: everydr"*i"g "f eyes,or tre stationpoint 1.Theobserver's 2. Theobject 3.Theplaneorplanesofprojection alsocalledvisualraysor linesofsight 4. Theprojectors, Wtrerethe observeris relativelycloseto the objec! and ttreprojectorsform a "cone" of is imaginedas is knownr".p."rp".tit". If theobserveC.s.eye Sreresultingprojection projectors, andtheplaneo-p-iotion, theprojectorswill be parallel,so the infinitelydistantfromlhe o-bject q,'peofirojection is lqrownasparallelroiection If theprojectors,in additionto beingparallelto qrhe^sgph!!,or eachother,areperpendicula'(*"r.D i" th" pt-e of projettion,dreresultis an ri$t-angle. proj""iion. If fte projectorsa-e parallelto eachother but oblique to the plane of tre resultis anobliqueprojection projection, It can be said therefmettratorthosaphicproiection(multi-view or a:(onomebic)is a is the method descriptivegqomet--v spatialurr*gr@ methodof representing sizesandpositionsof solids,surfaces,linesand angles (or A"#iUiogl the shapes, of interpretrrg thetheoremsandconceptsof geomeby lheseinterpretations, whicharesorepesented-In-making re applied. drawingis Sregraphicalmethodof preciselystatingengineeringfacts^ Sinceengineering arangements,it involves the application of concerningthree dimensionalobjece o" "puti"t descriptivegeomehy. Just as there 6.e certainfindanental theoremsof geomeh-y,there are also certain fundamentalconshuctions,or processes,of descriptivegeomety upon vrhich the subject is developedThesere: of a line 0nu a point prallel to a given line 1. Consbruction 2. Conskuctionof a line tbrua point perpendiculr to a given line 3. Constiuctionof a line tfrrua point intersectiqga given line at a specifiedpoint 4. Establistrnent ofaplane in space Consb:uction of a line parallelto agiven plare; aplane parallelto agiven line 5. to a givenpi-r; a planeperpendiculr to a given 6. Conskuctionof a line perpendicular line 7. Detenniningthepointatuihicha line piercesa plane 8. Determiningthe line of intersection ofhro planes 9. Determiningthe shortestdistancebeturcen two SIG\M lines 10.Detennininltle shortestHORIZONTALdistancebetweentwo SI{EW lines



 of aplaneparallelto agivenplae 11.Construction plaoe 12.Construttiooof aplme perpendioltarto agiven lines 13.Determiningthebue anglebetweentwointenecting tnegp rqgle betweena line ad aplme i+. pttt*inini planes iS. pututtioiol thu angle(dihedral)betweeotwo of a solid in sPrce 16.Establishment operations pimrily requirehe execrfionof the following graphical The aboveprocesses goomohi-cconcepts: utilizing corrosponding Vi* of aline; l. Co*t*tEitiof theNormal (orTirueI-ength) (PU oftre line; 7. Consructionof thePointView' orEnd-View' aplanel3. Cons[uctionof 6e Blge View (EV) of md of a_plane; 4. Conshction of theNoimal View (finreSlrye View) Auxiliry views, asneeded,in orderto 5. Constructionof First, second,rrriio, andotirer oftbe problemat hatrd aftaintherequirements



Thispanrphletcoverssomeofthefundamentalsofdescriptirregeomehyandsomeofth



;-q:,gl""::t*:',,i:"'*3"*i;f practicalapplicatioril.;;;;fi *or drar'rdns T.ltr*t*:f manual tbrougb solved .* b, readily ilHilt ffi'o#iti;
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 LS ABBREVIATIONS ANDSYMBO CuttingPlane Didort€d/ForEshorterrd Dirnrrsiorr of obj ed Edge View of a plane Line of Intersedion Lineof-Sight" cr direction of view PiercingPoint of a line tlnougfr a plme Poirt View, cr end view, of a line ReferencePlarn Frortal ReferencePlur Profile ReferencePlane Hcrizontal Refereree Pl ane Poirt of Tmgency Tn-reAngle cr-Ditre&al True Lengtlr of a line True Shape(and Size) of a planesurface
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Poir:tin space(alsoA B. P. Q. X dc ) Inlersectionof trpo rcs Finite end-poirtof a lir€ I
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Perpendiculr lines Centerline; Axis of rotdion



RP



Referenct Plarrc,dirrrrniorc rneasuredr:pward



RP



ReferencePlare, dirrersiorn rrreasureddownward



Hiddenlircfidersion linetine of Intersectior(tid&n) Irnagrrarylire;Corsh'udionlirre;Projectionline . .



Pointof a line cfier€inleft-sidepcrtionis visible,while right-sideis
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 CHAPTERII CONSTRUCTIONS BASICGEOMETRIC A.



BISECTINGAGI\TEN LINE AB: the lengh of Une AB, &aw an rc L Using poirt A as centermd any radius R grcdcr thm onehalf of e$cndingto bothsidesof Une AB' the first ec at Poin! C and Z. Using poirt B ascenterandthe srrp raditrs& drawa secondrc irtersecting atPointD. to E (Lirr cD is perpendicular 3. Draw a line corrrectjngPointsc andD irtersectingLine AB aLPoint Line AB). (Source:Reference5, Page 122)
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B of 30 to 45 degreeswith Line EF' 1. UsingPoiri E as crigin, draw another lirreEG making an angle or:l points l, 2, and 3 on Line EG af equal ?.. Starti"ngfrom Poirt L and using any conveniert length lay dis:nces. a line connectingPointF a-rdPoinl3 Draw 3. p9h a-rdintersectingLine EF d.Point 11 4 . Draw a fouth line pa.utt.l to lirc 3F, passingtlroudt ?, l, and inta-sectingLirre EF' alPointIC Poinl g p.*tit tt-ugh if, 5. Draw a fifth line also parallel boLine (Sorrrce:Relerence 5, Page 125) I I



\



l+



\ \F



\_



t\ \



 c.



(LitE lp d' Poirt'B' I . Locatecertc (Poirt O)of ArcAB,aoddrawetmgert AB' ir L poirt c, m"tia ab t-+rl t" ure'halfof z. Drawctrcd li"" AB "Ja.*-,a 3. UsingPoirtCasccr&rurdndi.5eq'.raltotLdistieeC,&as-a."offingturgertLineBFd'Poirt D. (Source:Rcfercncc5, Fe$ l4l)
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makjn3 tlre AB irrto four eqtral segmerls' Draw line AB tangert to Arc BD atPoirt B. Divide Urr



l, 2. md 3. divieionpointrasPoints Arc AC' 7. UsingPoirt 1 asctnter,andradusequalto 1'A drawthe eqal !o AB' 3. Arc BC is PracticallY (Sor:rcc: Refercnce5, Page14l)
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 AB. DIVIDING AN ANGI,E INTO EQUALPARTS:



E AB at Poirt' D andSi& AC at Poirt F. I . Usingpoirt A as centerend anyradius& drswan rc o.dlingSi& horn Point A 8ndbeturecfisidesAB 8rc asay a e econd &as Rl poirt radius any and , ceffcl. o as 2. using sndAC. poin! F ar ccr{cr,&aw a third rc that irkr:seds thesccondarc al Poirt G. 3. ;;G tt ,'.* rediw Rl md 4. Line AC"UiseCsAngle BAC andArc DF' Rcfccnccd Page123) (Sourcc:



Side OP alPoinl Usingpoiri O ascentermd anyradiusR, drawanrc cuBing Si& OM *PointN and L. (Chcd tN) irfo tlrce eqr:alsegrrnnts. Z. Cornectingpoirt N LoPoirt L, dividetheresultingchordlirr 3 andPoird'T. Corrst Poirts S andT as Poinl LN on Chord e*ablishcd points 3. Designstctlr [wo new with Poirt O. equalparts. approximatety 4. Line OS andLine OT divideAngleMOP, CtrcrdI.,}{,andArc LN into tlree (rd L
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 AC. DEF1ININGA CIRCI.E OR AN ARC G.
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th rc' istheccrrtcrof



(Sourcc:RcfcreoccI Pagcl3a)
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poirt B to c.



Draw perpendiculr
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to Line



mdto Line BC. Z. TheirterseciionofDFmdGHatFbittOisttEcenterofthecirclemdthedid'af,IceOAistheradirs' (Source:RefereDc.d Pagel3a)
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 BB. DRAWNG PARALLEL LINES: A



LINE PASSINC TIIROUGH POINT P A}qDPAIT]\LLEL TO LINE AB: UsingPoirtP ascentermd anyradiusR gfealerthanttte digtarceFcrnPoinlP !o LirE AB, draw m rc crd,irryLirr AB at Point C. Z. UsingPoirtCascenterandthesarrrradirs&drammothrrcpassingtlroughPoirtPmdo.rtingLine AB atPoinlD. 3. UringPoirtCaeainascerterandthedistarebehreenPointPandPoirt,DrradiusRl,drawathirdrc cr.dtingtlx frst erc d Point F, 4. The line cornedingPoirt P to PoirnF is parallelto Une AB. 5, Pagel?4) (Source: Refcreoc€ l.
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LINE pAR.0U..EL TO. AIID AT A GIVEN DISTAIICE FROM. LINE AB: l. Z. 3. 4.



UsingPoirt A (of Line AB) as centerand the given did.ance! as raditx, &aw an arc on orr si& of Line AB. UsingPoirt. B (of Lirr AB) as center and the srne disterre S r radiu, draw a second sc on ttr saf,ne si& of Une AB. Draw a line tangent bo both ttE fn$ and the second acs. the new line is parallel to Une AB'



(Source:Refecoce5, Page125)
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 BC. DRAWING PERPENDIqULAR LINES



c. AB, drawen Usingpoirtp ascentcrandanyradiu R greaterthantlp distsre betweenPointPandLine arc cr.illingLine AB al Point C and8t poitt D (two Poirfs). srcson that andarlyradius Rl, drawtwo zuccessive 2. UsingPoirt C (E st), md Poirf.D (net) o ".rlr" si& of une AB avavfromPoinlP;tie two rcs intcrsectingd. pointF. 3. The line connedingPoirtsP & F is perpendiculrto LirE AB. (Source: Refertncc d Pagel4 l.
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Line AB Fxtend Lig AB beyondPoirt B. UsingPoirrlB as cenler and any raditx R' draw an a'c cuiling at Point C ard tlre ertsnsionlirE atPoint D. two arcs on 1 UsingPoirt C (first) andPoint D (nef.) c cert€N a-rdany radius.Rl i" lonh operdiors, &aw the srrr side of Lirr AB (eithcr si&); the two EcE intr€ecting 8t Poirr' F' 3. The line conneclingPoid B to Poirt F is pe-pendiculr to LirE AB'
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 BD, CONSTRUCTIONOF A GIVEN ANGLE: TO LAYOUT A$I ANGLE O:



E



Draw Side AB to anycornenicnt leryth in the rrnrltiplcof l0 unit* Find tlr SD{E of Argle 0, tom any tableof naural lirrs. 2. Using poirt B (of SideAB) as cenbr andthc didanccF XI0SINE 0 asradit's, &ev an rc on eitlrr sideof Line AB. 3. DrarpLine AC tangenlto this arc andalsoPesing tlroush Foirt A' 4. Angre 0 is fcrnnd by ttn int€rsedionof Line AB andLine AC' Rcfcnocc5,Pagcl23) (Sourccl l.
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Sine S = 0.5 n = (lOX)Si-e4> I = {OSire 10]l= 2O m
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ag



ORINCAfiON: TRA}ISFERRINGA GIVBI P'}JGLEBAC TO A}JOTHERPOSITION l,ay out LirreAts' in the desired rrw position/locdjonUsinganyradiusR, andPoirtA (first) thenPoirt .f( ned, as certa:, draw two a'cs; the fnst rc cuftingLine AC atPoirt P andLirre AB at Point D; the secondac cutiry Lirr AB' at PoinrD. Z. UsingPoirt D' ascenterandthe distancefrom Point P to Point.D s radiu, draw a third rc interseding thesecondarcatPoint C'' 3. The line connectingPoirt.pt'to Poirt C' forrmthe givenangleBAC in thenewpeition asAngleB'A'C'. 5,Page124) (Sor:rce: Referenct l.
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 CC. CONSTRUCTIONOF TRIANGLES :



0



1 . Iey out Si& A in thedesiredpcition 2. Usingoneen@ia@ndPoirtl)ofsideAasccrterrrdthclcn$hofSi&Basradius,drawsfiarcon 3.



the6rd rc rc intcrsectins A andtherenghof sidec a radius,drawasecond



iffi#d:XT*r,*



atPoinl3. ABC' 4, ConnectingPoirt3 with PointsI dld 2 e*ablishesTriangle 5,Pagcl??) (Sorrrce: Refercncc
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side C



Side F
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(t- z) (B.



draw a sernicircle' (side aB) * djlTg' 1. usingthe lengh of the givenhypotenuse as cenbefand the lengthof SideAC AB) f"lp".,G1side tlrc Z. Usingoneendpoirt(E ,Soirt A) of radir-t!,&aw ana'c inbsectirylt}r scrni'circleatPoirt C' ABC' &sired Right TrienS,le 3. corurecrirypoirtc with En$oi*s A a-rdB .Juti"tes tlp (Souce: Refersnce5, Page128)
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 pRA\rlntc



,Jq EQUTIAI{GULIiIr TRIAT|IGLEVJTIH ONE SIDEON GMI{



Ln{E AB:



Drarr a straidrt Lim AB, md designaterPoint, O ner cne end Using Poirt, O a certer, md any conveniertradir.rsR, draw an arc cuting LirE AB etPoirf, C; endefend thc rc W b 90 degrccs(fr,om Poirt O) in ttr d$ired si& of Une AB' 2,. UsingPoirt C ascrnter, rrd the sarrr radiun& &aw a secondarcirferxdingthe Ent rc atPointD. 3. CorrrectPointO !o PointD md Poirt C !oPoirtD to compl& theegiangulartsimglc. 5,Pagc129) Rcfcreoca (Sourcc: 1 L
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INSCRIBING A}.I EOTILATERAL l. Z.



TRIANGLE IN A CIRCI.E OF RADIUS R:



DesigrrateanyPointAinthe circurnfererreof the circle;PointD is locatedalthe opposibemd of the dia'neierlirn. Using Poirt A as cenLer, and radius R equal to the radiu of the circle, dr;ur 8n arc cr-tting tlre circumferenceof tle circle atPoinlB and at Point C' ConnectPoint D to Point B, Point B to Point C, andPoint C boPoirt D to complde the biangle.



3. 4) (Sor:rce:Reference
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 OFPARALI.g,oGRAI\{SffouR-sIDD cD. CoNSTRUCTION F\



POLYGON$:



DRAWING A SOUAREWITII SIDE AB GIVEN: SideAB ard originatingfr'om 1. Draw SideAB in the desirtpcition CorEhuctUne BE perpendiculr to Poirt B, at Poid C' UsingPointsA and Z. UsingPoirnB ascenterrrd AB asradius& drawm rc cr:EingUne BE eachother d'Point D' C ascenttrs,andthe sarrr radirs R in bothoper*iorn, drawtwo arcsirrtcrsecting 3. CornectPoint C to PointD andPoirt A to Poirt D' (Sotnce: Refercnce 5,Page129)
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\B NSCRIBING



A SOUARE IN A CIRCLEWTH



RADIIJS R;



the circle d Points G and Draw the circle withPoirt E ascentJer.Draw Line AB tlnough Point E cutring It Poinl E, cr-iltingttrc circle ar Pohts M ?. Draw Line c.D perpendicutr to Lirr AB, and passin3 tlrough a-rdN. GtoI4 Mto }1 H!o N, mdNto G' 3. ConnectPoints 4) (Source:Reference l.
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 \a. passingtlroudr a Draw the diagonalBD md bisect it af Poirt O. UsingPoinr O ascentef,,&av circle a dirndcr' ig BD Lirn Poirt B urd Poiri D. rcs cttting the circle * Point 7 urirg p"irr" B urd D asc€ntert, md lcnglhof side Bc asradiu, drawtwo C rrdPointA 3 . Cgnn{fgnrBb-Point C, C-!oD,D,!o A 1d AtoB tolltaeUerectaull t



B-C ----\
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(s)



rt



rL



0 d.Point B, a-rddesigrateLire BF as the si& Draw Side AB in the dcired crierialion CorsbructAngle AB' makingthe Angle 0 with Si& R, drawan arc cuting Lbte BF aLPoirnC. Z. Usingpoiri B as cenLerand lenglh of Si& BC asradiw s secondarc on the sarneside (of Une AB) as &aw R, BC as radits si& and 3. Usinlfoirt A as center Poirt C. draw a third rc inlersecling tlc seconderc 4. Usingpoirt C as cenberand length of Si& AB as radiu Rl, at Point D. A 5. Conned Poinl A to Point B, B to C, C to D, srd D t'o 1,
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 DD. DRAWINGLINFS TANGE}.TTTO CTRCLFS A and e*ending to Point B' Frqn the certer of the circJc@oirt,O), draw a line pcsing tlrough Poirt A makingthe lengh of AB eqrul to OA' R eqr:al!o my lengh greaterthrr AB in 2. UsingPoirt O fr$, rrd Poud,B rr4 esccnterswith a radir.rs both ipcrations, &av two arcswhich intersectd Poinl C sndPoint D' Point Uitectcrof Une OB) is tangenttoCircleO at 3 . The line connerlingPoirtC toPoirtD (perpendicrrtar A (Source:Relerence5, Page135)



x D



Bl



1



1. ?. 3.



md desigrratethe midpoint Frcrn tlre certer of tlE cbcle @oint O), draw a line to Poirt P' Bisect Line OP as Point M ttr circle at Poirt Tl and T2' Using Poirt M as cerilermd the lengih of OM asradius, daw ert aa'ccttting LinePTl andPT2 reta-rgenttothe circle.



(Sorrrce: 5, Page135') Refcreoce
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 3 i,



LINE TANGENT TO TWO DIFTRENT CIRCLESON TIIEINSIDE (CROSS.BE.TI: Draw Line Ol -O2 conneding the ocrtcr o-fthe fir*.drcle (Circle l) !o tnc certer of the secondcircle (Circle 2). Erom the centersof both chcter, erectperpcndicularlirBs b tjne Ol-O2, irtcrsecting the of thc otlr circle (Circle2) d Poirt B. circurnferenccof Chcle I d Point A urd the circunfcr,ence L, ConnedPointAwithFointB by a brckenlirn intfnectingLineOl-O2 atPointP. 3 . UsingPoirtP as e.corrtrnonpoint or.tsi& of bcth chctes,andthc proced:refa &tcrnrining poirt of tangencyof a line to a circle @roced:rt B above),locaiePoinLTl on Circle I crd Poinl T2 on Circle 2. 4 . The line connedingPoirt Tl !o PointT2 is tangertbobothCircleI andCircle2. L



(Sorrrce:Rcfcreoce5, Page136)
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 \.D. 1. DrawLineBD perpendiorlrto Lire ABCerPointB' LiT Pg *?oirt o' z. Frcrnpoirf,B -a *ine t!* givcnradir-s& &awa shqt rc irtcrsgcti"g PointB' passingtlrough circle & &awthedesired 3. UsingpoirtO ascer# ana-,"aius (Source:Rtfertnce5' Pagc135)



o'l



v 1 . Draw Line BD perpendiculario Line ABC atPoint B' GH of Une BP; desigrratetk irfersection 7. Conned point B to point p; Con$nrd. a perpenaicil".r bisecbcr



of Une BD rrd Line GH asPoirt O' circle or rc' 3. UsingPoirt O ascenteranda radiusequalto OB, &aw the &sired (Source:Reference4)
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 M. EIRCLFS INSIDE ^P$IDOUTSIDEIRI.AiI'IGLES Biscct Angle A by Line AD Qdcndingthis lirr bqrcnd thc middls of the kimglc. Biscct Angle B by Line BE intersectingLitE AD at Poirt O. 2. Draw Line FG ttrough Poirt O perpendictrlr!o Si& AB al Poinl If 3. Usi4Poirt O asccntcr rrd radiur equalto OH, drawthe dcshedcircle. (Sourcc: fufcrcnce4) l.



CIRCI'MS CRIBING A C IRCLE .{ROIIND TRIANGLE ABC : Draw a perpendicularbisecLcn(Jne DE) boSideAB' Draw a perpendictrlar bisectcr (line FFI) to SideBC intcrsedingLine DE (first bisector) atPoint O. Usingpoirt O as cenberand OA(orOB) asradiu, drawthe desir€dcim:rrscribedcircle. (Source:Referarcc4)
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 IF. CIRCLESINSIDE A}TD OUTfIIDERECTA}IGLES: tt



of tbe circle' L Draw the givensi& AB zuchthalPoirt.A andFoirt B bcth lies on the circr'rnference thc circled md intcrsccting 2. Frqn bothPointA endPoirt B, crawone f irr .J pcrPendiculrt'o SideAB Poirt D andPoinl C. 3. ConnectPoirrtAtoPointD,PoirtDtoPointC.6dPoirtC!oBincrdcrtocorrpldctlerectangle'
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(r)



r) D.



CR.CLE D{SIDE A SQUART/ CIRCLE .AROUND A SQUARE: l. 2. 3.



respectively; &aw a diagonal Draw the given squa-e&sigrating each ccrner as Points A B, C and D, from Poini A to Point C. ilne AC at Point O' and Draw a perpendicularbisectcr (Line FQ to Side AB irtersecting the dia3onal cr-dling Side AB at Poirrt G. O as cerd€f and OA as UsingPoirt. O as certcr and OG as radius, &aw the irscribed circle' UsingPoirt radius, ,&awthe desiredcircurnscribingcircle.
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 EG, HD(AGON INSIDE A EIRSI.,E/AROUND A CIRCI-E /\ rq



, l--]'J



HEKAGON IMTIDE A CIRCLE OF tu\DIUSR TACROSSCORI'IERS): \ &aw l. Drar diarneterline AD acrossthc givm circle;AD cquals2R RomPoint Aand usingradir.rs rr rc a.dtingttr circlc at Poirt B andPointF' Z. Frcrn point,D andusing the sarneradiusR, &aw anoth€rrc o-ltingthe circle * Poirt, C andPointE 3. Draw Lines AB, BC, CD, DE, S, FGto co'npldcth hcxagon (Sourcc:Rcferenccd Pagc130)
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(r)



(z)



(ACROSS FLATS) HEXAGON AROUND A CIRCLE OFRADruS R Draw dirneter Line AD across tle given circle. Usiry radits R as length urd strting from Point A' mark offpoints B, C, E, and F, at equal di$ancesaroundthe circurnferenceof the circle (six points totat). -- OF), erch line extending ?., Frcrn the certer of tle circle @oinr O), draw radiating tines Q.ine OA' OB, beyond the circr-trnferenceof the circle. 3. Draw one perpendicula- line to eachradialing lirr, making tlee pcrpendiculas tangent to the cide d. Poirts A B, C, D, E & F. 4. The intersectiorx of these perpendiculars are the corn€rs of *te circumscribed hexapn l.
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 r.d



of the



d ^ft to each other' crrfing the &cumfere*e Draw two diamders of the circle rrhich re perpendicular



l.



poinrA asrad ius, poinrp and berween *ilng thedi*ance



},s,k ff H**?



;,[5l#e,



,



drawm rc cutingradiusON atPoirtX raditx, draw a secondrc cuting tl* distare bctweenPoirtA andPoint X a 3. Frmr point A *d;i"g aroundthe to daerrninePoints C' D' ard E the circle at Poirlt B' DraT Line AB, -a *t ;ttttngth of the circle' circr-nnference I



(Source: Refarmct 5, Pagc 130)



(z-r)



( 1)



A t-\



I



I E!



I



I



t



I I



I



I



o



x \\--



P



L



t



I I I



H



>< H. l.



segments' marking into five (fcr Perfagon) equa'l Draw the diarretcr Lirrc Ali divide this dirrrter line



z. $:ffi,iT'f;illli,iRt;rt"i.,HX.,u



e*h &awrworcsintersecting asradius, dianpter * cbcre this extend and tlr circle)



otlrr atPoirt O. Draw a lire connecthgP";



;;;oir,tZ



6'' tf'" ai"'na"r "f



pcntagonusinsthelensthof LineAB' si& ofthe&siredregular



3. #iffit*';*t.i"it.iti &aw lhe c'ther four sides. (Source:Rcfercocc5, Page130)
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FF. EONSTRUCTIONOF ELUPSES A



DRAWING AREAL (FOCD ELLIPSE: Drar the majr axis ss Line AB, md thc mina qis as Linc CD (pcrpendiculato Line AB); tlr fr7o lirnr intcrsectingdPoint O. 2. Locale FocusE and Fanrs F by draving acs fromPoints C andD (endsof tlr mina ncis) with radiu both egal to orr-half of the majc uir (errylh of OA). Intcrsectiorsarethe foci. 3. BetweenFocr:sE md Point O on tlr majc axis,rnert e randcrnirtervals a nunber of poirts, spacing thce pointsrrr Focrx E rncre closely.Five poirfs shouldh thc minimrm Mark offthe sdrr nurnber of points,sith identjcalsoacings,betweenPointcE md O. 4. Using FocusE andFaus F ascertersandredii A-3 andB-3,respectively,draw rcs irtcrscCing at Poirrl 3' in the leB half. 5. Using the sarrr procedrre aboverith radii A-5 (A4, A-2 ard A-l) ard B-5 @4, B-2 and B-l) resp€ctively,locde Poinis 5t,4t,Z',andI' in thelet half. all operatiornfcr tlreright half andcorrrd all poids rsing inegularcurve, 6. Dr.rplicate (Sourcc: Rcfetmcct Pagcla3) l.
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 B.



to une AB) intcrsecting ABrrd theminc axisasune cD (perpendictrlr



ffie



al Point O. &aw an arc cttLing t}re poirs,o r cerfcr md oA (semi-m{or ais) as radius' 2. Draw Line AC: using odensionof Une OC *PoinlE atPointF'



.r-i:,



ffi;ffi';"::;;'d;;dius, '^:lHilgffisilftr#[i'H'ff&:::Ha;;:i**:":r,ns*Poin'!Kand'ihe ; ;il; ;J-*;K mincr iffiilt; ffii ffiii"'3?:'S; r 1t theJiersi&ortlr majcand oronT-"111'J:'X';'; #'#:&;;M ST'ffi: n ffi"#Xffi rc c'tinsline-Ac &awasecond r :-^ aar zs*-mnicr



5. ffi* 7.



ax



't tY to detrr{ninepoirts of tangency .x.r,aed lirps cornertingPointM to K Y to L' J.' K^ld



*"y



Cf);[h arethelimitsofthercsto be I q\ 1"".,"-:l g*":H*rff'lt*Xfl,,l$*nilft,il;;ry Draw arcs trofil lrre loLr celrsl-i uuuru' @
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(F.m a:


(from CerfersK andL)' CentssJ and]O; *d tl,t ner en& of majcr axis



fsowce: Refercoce5' Pagel4?)
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 CHAPTERIII USEDIN ENGINEERING OFPROIECTION METHODS DRAWINGS l. Forr tlryes of.projection are gerrally usedin rruking technical6awings; all arePictcrial exceptthe Multi-Vicw. In Multi-view endin Isornetric projections,the p'rojectionlines(cr vistralrays) re prallel to eachot5cr, andtheseprojedion lirrs re pcqpendictrlar!othe plrn of pnojection;th& Nfuti-view andIsonnuic projectionsre classifiedasOrthoFaphicPr,ojections,Ttresere thetwo rrxtly urd in cngirrcring drawingr. 2, The main difrerencebetweenthe M:lti-view andIsorrdric projedionr is that in the Isorndric projectiorq the objectis pictrred as irnlinsd !o ttr plarr of projectior\nEh thaf dirrnsionr ar" foreshqterrd 3. In Obliqueprojeaior5projectionlinesarealsoparallelto erchctherQikein orthographic projecion) brr theselines arernt prpsndiculr to the projectionplane. 4. The fouth tlTe is the Perspective. kr this projectiort the obsenleris considered!o be d, a FINIIE di*.anceFom the object thus, projedion lirps ae not parallelto eachotlrr, irsteadtheselinesfcrm a corp with the vertrx at tlr obsererb eye, (Source: Rcfecncc 5, Page 602)
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 A ISOMETRICPROJECTIONIDRAWING:



l.



-l:-:#.::5:t55



srrh thd its prircipalelft' In rr Isometric, theobjecis prrojedcd



pr.n.orfi3#il-ffft: "*;; ffi;;'t*d
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il'#;";iifr;ffi;;:,;;;il;;;i;;."i""carewhereinaudistarresre0'8165



full size' tirrps tsrElenglh/size.An isonraricdrarringis &awnusing crdinaryscale,or



;r'{aqto thc"'"T ;:'"ffi;";#;Xin;il#i ffi}i;;ffiJ;ffi"J 1T*:If in the edge,YH ccrresponding rcspectively, prallel, Ue thaf areparallel!o anyedge thc nnrh,i-vi.* a*'h"g *iff isorndric drawing
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 A ISOMETRICDRAWING f.Cort'd,): iSOME:HC DRAWING OFNORMAL SURFACES 5,Pagl600 (Source: Rcference
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 A ISOMETRICDRAVJING(Confd'): (I., and}Q lsoMETRIc DRAWINGoF INCLD{D SURFACES M (Source:Refcracl $ Pages606md 607)
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 A EOMETRIC DRAWING (Cort'd.): ?, Objeds re more easily drawn by meru-of Isonrtric Box condrrrtjon This consids mainly in of the object enctosingth,eobject in a rectangrlar box wtrosesidescoinciderith the otternnst pointsrfaces 8. Since the only lirrs thal re true len$h in an isqnetric drawingare.the isonrtsic ares (and tlx lines paratlelto theseaxes),NON-isorrrtric line will NOTbe hte lengih Since 9. Angleswillprojecttsr"resi.agdlghetttheplamoftheangleisparalleltotheplarrofprojcctiorr. the varioussurfmesof an object in ISOMEIRICS re uzually irclined to the planeof projection,anglesgerrerallyare NOTtn:esize.Incrdertosctoffanglesinisonrdrics,lirrrmerurerrrntsoftttcsidcsremadealongisorrrbiclirs. 10. If the generalshapeof tk object doesrnt readily mrfcrm to the redrrgular fcrrrt il cm $.ill be dravm using an inccrnpletcIsornetricBox I l. Ornaescan be drawn in isornetricby rneansof a seriesof otfset rrnasrenterts. Enoughpoints on the cr.nreshould be establislredto rcuralely fix the path of the cr.rnte;t}r rrnre poirts used,t}r grealerth acoracy. Offset isornetriclines re then drawn from eachpoirt prallel to tlre isorrrtric axes. (Sourcc: Rrfercace d Pags 608)
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 A ISOMETRICDRAWING (Cont d'): BOX CONSTRUCTIONWIIH NON-ISOIVIETRICLINES 5,Pagc609) (Sourcc: Refcrenct
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 A, ISOMETRICDRAWING(ConI d): ANGLE IN ISOMETRTC (Source: Rcferenc! d Page610)
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 A s follows: I . Using very liglt lines,corblnEtg'rIsonpbic Box on anyavailableEPs€, spot will beccrnethe bofiorn' this d; & Draw a long hcrizontal line md mart ie midpoint a Poinr rigtrl'front ccrnerof the conplde Isometic Bor axi1.lomPoint o also' mrk'off b. Frcrn point o, &aw a verticallirn vihich will becorrntlp heich! highest pirt in the lhont a'rd the upwardthe heigtt of the Isonraric Box using tr,. a**iffir corrrcr of ttp Side Views. This secondpoirt will becorrn ,h" ;;, right-front lrrnst-fcrwaflcf) completebor left' bcth of which shall be 30 Using Poirt O againas Yert.,q&e$t a line to ,l* ti4tt and to tlrc. becomethe profile (depth)axis; degrecsabovethe htrizontslti',". tt. lirr towardsd;ttgta will while thelirr towudstheleft will becorrptlE F,ontsl(width) axis_.axis' tlE &pth of the profile d. Frqn point o, mark off lowardsthe rigfrt, ard aong the -(de$h) qfro* tf'e Font plane)in tlE Top View' or Isorrrtric Box rsingthe dinpnsiorsof the deepedp"iit of tlp Isorrpbic rheleft, andalonsrhe Fortal (width) axis,the wi&h e. ***jJf,Ifi'"o"**ds in tlreFront plane) profile Lakenfromthe farth€* poinrQoth ten or*re ;ght Box usin3dirnensions View,or ToPView. tl" tlre.eiscrnetric€xes' f. CompldetlreIsorreb'icBoxrrsingonlv linesthat areall parallelF srfaces (cr lines) hom *re Multi-view .2. StartingFom oneconer (cr face)of I5e Isomeric Box, ttu*fo or oblique) *itn tr,.ii ..ientd'ion (parault' incline' projectiors,one d. a t ime. I&ntify surfaces(cr lines)in accordance io ti," primrry planes(plarrs prallel to the axes)of tlp IsornetricBox exceptwhen very nec€ssry to cla'ify 3. Hiddm linesandpoinLswill NoT be shownin Isomdric drawing ambiguousstrfacesin the drawing
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 B. IvfIJLTI-VIEril OF A GIViENISoMETRIC DRAWING: Confuct the srnalle* isornctric box whictt eenerrctoscall prb of thc isandric Egure,using ligtt lirrs: e" Draw vertical parallel lines pasringtlru all visible poinb. the* lines re pcallel to the vertical (heid$) qis of the figure' b. Draw a semnd set of parallel lims, all 30 &greesfrom the hcriantal, passingtbru dl virible points aln. Theselirns re prallel t'othe profile (defh) axisof tle figurt. c. Draw a hird s€t of parallel lines passingthn-rdl points,all 150 degeesFom the hrizontal. These lirre ae parallel to the Frontal(wieh) ais of t}e figure. d" lhe box shouldbemrrn apprert tlnr tle irtersediors ofthc lirrs. Z, Condnrct.a quadril*eral in a certral rca, sith thesidth takenFsn thc hontal uit of the isonrtsic box andthe height tak€nF,omthe vertical axis. lhis is tlE Flort view bor ghort distsrce Font ti€ Frort View box with tlp sane 3. Confr:ct anotherquadrilateralabove,and a width; but the degh is takenFom the profrle aris of the isonrdric bor Thil is theTop View box 4. Con$nrcta third qua&ilaterala shcrtdi*.mce!o the(drawer'tridt of theF|rontView box sith the sarrx height; ---v- ' br* the &pth is takenfrom the pofilg axis. Ttris is theRighl SidcView box 5. Startingfrom ttn rrnst conveniertview (ncmrallytte Frort View),transferall poins (cr lines)visiblein rrruhi-vie.vbox (FronrView),usingthe heighrandwidth dimensiorstaken that isorrrric view, !o t6 corresponding respeciively,Conractcomspondingpointsright away. pa-allelbotlrevertical-mdfrontal a:
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 B. MI}LTI.VIE:WPROJECTION: poins in thc by drawingparallclprojcctionlinesfroma[ is obtained 1. A Multi-Vicwprojection to trc pranc#;tt I;F ;. inc picrcirg.pgTtt^:l of ttrcobjec[,makingthcsclincspcrpcndicular contours oioagti, of nt obig$ asprojcctcdin thc ptancformbognduics, thcseprojcctionlincson thc projcction planc; onwtrichthcFrontVic*is"pro;cctcdis ttlt:d thc frontal is projcctionplanc.Thcplancofprojcction on whichthc SidcVicw that plancon whichthc Top Vicwis projcctcd,ttrc haizontalpil; *i ttttt projected".thettfrfft*T'of objccl thc projcctioncanbc imagincdto form a gfassbox cnclosingtrc of thc theboxdo6ng in Sinceth"cbor hassir siles' six vicws to bc outsidc is alwrysconsidered observer WIDTII' principal-dimcnsions: objcctcanbc madc.In allttrcscvicws,howcvsr,thc objlCtts otfy tfncc BoTTOM and of the shapcof thc objcct Tht'ror rRoNt' llAR HEXGHT,andDEPTH,regardless vicws all havethe viewshavethe sarne1IIDTIL TheREA& LEFT-SIDE,FRONi, LO iUCUI-SIDE thc srnc DEPTII Thc samcIIEIGHT. ThcTOP,RIGIIr-SIDE,BOTTOI',*a f,fff-JDlEt i"t"t havc Vrcw' s of theuir*r'r*o*ding theFRONTViewarefacedtowardtheFront frontsurface to nrr ilinir linesof ttreglassbox of projection thJviewsconesponds 3. Foldinglinesbetween in thc measurcments of usingfoldinglincs,ho*ru.r-as,.r*n.. *tt i*. tt-T^*--q[9-0fo plures.Instcad irp
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plancin cdgevicw' .- bc uscdasa rcfcrencc (Sor.rce Peferenc-e5,Page 2@)
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 B. MULTI'VIEV/ PROJECfioN (9ort d); poirr,fcr point, rct:rate rrdho& 4. Since all desh dirnensionsin t}e Top andside view muc ccrrespond b" rnilized forthe .T milcr-lirr A45-&gtEc uscd. PuPose' bc of rursfcrring tlcse d*Elcrs rrnst j. ivt * tlrre views of m object b to be drawn,a ru.rnberingsy*crn fcr cvery point is necessrlr Each' poi* is visible in r gven view, the rn:rnberis plrced orlside thc *rr.. of O" object shouldbe given a ntnnber, .f ,h" plcd irui& the eorrrcr. Thir syslan wherepoirts rt identified by b rn:rrsal il if tp point ii uaaltr" the ;; points in trro giveoviewsto unlmownpositionsin a third view known projeciing in ,16.iuf numbersin all views, ir "..y (miseingview)' or arrypart thereof. 6. A view may be drawn only to showwhat is neededto dearly describetl,e obj".t, prtial view c', theref*, be madett-rgtr the rse of techniqrs nrh asBreakLines,HElf'views,or Broken€ut' Views. the mmponert elerrpntsthat makc r:p 7. Multi-view projectiorn can be effecively malyzr,dby considring or a combindionttseof. A plare lirns; cr by crrved mostsolids. A strface may be bor:ndedby $raidt lirns Adraightlirralwaysprojectsasarpttsffai$t ;*f.*alwaysprojeaslalneqanc*hersurfaceofthegrneforrn of tlree of rnonesurfacescr edges;and, il always irtersection mnrncn qorrt€t., tlp is poirq cr A i,* ;;., . ioi.r appearsasa Pointin everYview' Refcrmce5,Page210) (Source:
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 B, b'"t size rtd shapeort It 8. Anormal rurface is a plar thd, is prallel to a plure of projectiur' ryee1s l'r A normal edgeis a projection pltt ts oi the plane!o which it ie puallel, srd as.averticata hcriarfal iine on "{*t"t !o which it is prqieCion of plrr gPp€r . J" th lirr thai is perpendiorlarlo a plure of projeAion e wif "'piitt perpendicuir, andasa lire intnx lenglhon adrer1.plaps of pr$eCion to to ore plarc of projedion'-bd' irrlined g. An inclir*d $rface ir a plenenrfrcc that ie p.rp*aJ* is perpcndiculr' and it will Ppear acljacertplarns. It will project e a draiglt line on the'plure to wtrictr it paraliel t93 dare of projection'but fcrcshatcrpd on planesto which it is irrlined. An inclired idge is " f it* *,"t is prallel' mj foreshcrteffd on adjacent inclinedto a,ctjrcrntplarns. It will apper trrr lengh on the ptariro *fri"tr it is views areeittrerverticalor planes.Thet',. lengthview of sr irrlined fi* ir"rr*ryr ir*fim{ *Hi;th. faeshortened horizorial lirrs, Il CANNOT apper as a I O, An oblique gnrfaceis a planethd is irElined!o s[ primary plqo-o!{-oJ^:tion tnr size in my of t}re line in any principal view. Sincc il is NOT PorX"l !o '.y Princip* p[-", it CA]'D{bT 4P"o fcneshcrterrdin *, poAta ti i"y Itii*ipJ pf"*; therefre, I uppta.t prirnipal planes. It is NOT perpendicr.rlar '



every principal view.



^t _t-_^ ^c --io.+inn tn wfiinh it on tlre plane of projection bo which it,rs . I 1. If an angle is in a rprmal plarr, tlr angle will be shown trrr size than tle trrr size of tlr mgle' t ltgt prallel. r tlr ffrgJe is in m irrlirpd plure, it miy project either smaller dependingon its pcsition along the curve; the rrnre poirts ued' 12. The views of a spacecrrve re &awn by the pmjections of poirts the rnqe acclxd,e will be t}e cun'e.
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 B. MULTI-WEW PROJECIION(-Cont'd): Multi-Vierr of Inclined $:rfaces andEdges (Sourcc: Rcfcrance d Page214)
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8. MULTI'WET/PBOJECTION(Coni'd'):



elerrrrt is a $raight l d. A cylindcr b &awnby strowingits cirnrlr edgesand contou elerpnts. A cortor:r appearin one cr will edges circular The lirp on tlrc clinder surftre, prallel to the longitudinalaxis-ofthe cylinder. will appearas etcmerts contour The will appeaeshoriantal cr verticallincs. two views;while thecortor.nelcnrcrts poirts in the views wherethecirculr edgesappear. andTmgencies: 1?. Intemections whm a currred & No lirc *rould be drawnwhere a cuved srrface is tmgent to a plane sr.rface;but, sr:rfaccirfcrsectsa ptanesrfre, a de0nitccdgeis forrned line js usedto b. If the irtersectionbetweena smallcytindermd a large one is very srnatl,a sraight repercnt,the irter:ection *e"t"y liT c. if the irtcrsectionis lrgc, bd still rnt largpenoughto juSify plctting the:,n:, tttt 1f by draiing anarcwhosciadiusis'equalbotH radir.sR of tle lrge cylinder' is approximated two semi'ellipse d, If thetwo cylindersre of [o sarneradirs, tf. ngr"'.f the irtcrsectionconsi$sof lirrs (V) in oneview. thal arppeaas*raigfuintersecting



CYLINDRICAL SURFACES Source: Refererce 5, Pages218 and 220)



Sorrce: Reference5, Page221



Bight Ciroular Cylinder



T:ngcnoy



Cyllnclrloa].



Eele



InterscotLon of Cyllnilrrs



Interecotlon



Sowce:Reftrence5, Paget2ZZsttd223



38



 C. MISSING VIEIII: ProiectingA Third View l. If the missingvies to bc draurriis eithrthiTop View (rittr ttr Frontrrd Si& viewsErvm),c tlp Si& Aturiliry View (with the Ihont ard lo'p viers given), the tectrri$.ns md proced-utapplicableto the constructionof (Loq at ridtt linebf*ig]t is Ercd vicms, the of thee Missing of citts mnsr:ction Inthe ; fu[y applicable. pmject'ionlires from tle t}e giren views. Thertfcre, "i.*, two the betrreen try projedion the to -gf. O-p.ia"'lar) *ill alsobeFerpcnaicutr to thesepmjecion lino. {s in the mrstnrction of viewio the mirting l,1rdl'emr) "i.r from a cosurnn refererrceplrre will bc taken frcrn thc adjacert'given distarpes of *.ogonnnt en auiliary "i"*, to the lvfssingView' view, andtransferred view to be drawn is the Frort View (with Top and Side views Fvm), the pocedure missing the 1., If the side Vies be nec€ss8ryis mrrh simplerLa *iu onlyrequire that the projectior lirns Fcrn theTop View rrd from poirt deErmirn in the objed" dr"wn perpendiculr to eachother. The intersectionof theseprojeciiontircs, for each the locdion md positionof a particularpoiri in tie Mssing FrontView. ToA
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D. MSSINGLINES: a. Using Vizualizatic,nandAndysis. (Source:Refercoce d Pagc209) I{ISSIIGt To?
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5,Page2l7) b. Using'Rule ofParallclisrrf of Lines. (Source:Relerence
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 D. MISSING LINES: l. Whentbreeincorplete vieun of anobjectre givenmd missinglines are to be formd in oneviap onln the techniqueapplicablein &e conskuctionof missingviews (i.e., apriryipd vi.ax,is to be constuctedfiom two given pnncipalvieun) canbe usedto Itipply the missinglines. The missinglines canbe locatedby makingprojectionlinesfom he neaest(a cenhal)view and lineefrom the o$rer(or adjrent) view, reckoning takingo,rar.pments of the end-points_ofthese plme' fiom a commonreference suchmeasurements in morethanone Z. Whenthreevierrs aregiven"md missinglines re to be established vizualization vien6ttrenthe Rule ofparallelism oflines mustbe resortedto; othenrise,a coherent andmethodicalanalysisofthe planesandlines&fining theobjectmustbe resortedto. Eachplrre &at all si&s of each to detennine or n'face constihrtingthe objectmustbe meticulouslyexamined s'rface are completelydefine4 or are in place. The orientationof eachplanesurfaceshall be vizualized,using two adjacentviews at a time. Points,lines,and planeshave determined.and definiterolesin definingm objectin space.Theserolesconformto thefollowingrelationships: by, at least threeoher a A planesurfacecamot existby itse$ it mustbe srryported planesurfacesto form a solid(atehahedron)to, at leret two otherlines to b. A line cannotexist by itselt it must be connected form the sides of a planesurface. On the otherhand,the boundaryof two plane surfacesalwaysforms a sbaightline (anedge). to, at least oneotherpoint to c. A point cannotexist by itselt it mustbe cormected of two or morelines,a cornerof intersection form a line in space. Pointsrepresent anobjecf or Srepointview of aline/edge, d- The sidesof a surfacealwaysform a closedpolygon.A nrrfaceboundedby curved linesmay be enclosedby only oneline (circleor ellipse).A cuved surfacemay rypeer.as a flat surfacewith curvedsidesin oneviav, or ils a curuedsurfacewith straightsides. In any way, it mustshowa cuned sidein, at least oneview given two or threePrinciPalvia'vse. A. plalre surfacewill retaintte samegeneralshape(samenumberof sides)in all y1eavs &aum, orwill becomea straightline (ifshown on edge);however,the length foreshortenedA circlemay become of their sidesmay becomedisproportionately anellipse,or an edge(shaightline). f A sgrfacecan neitrer bendnor wqp; therefore,all sidesof a planesurfacewill remainsbaightlines; and&e sidesof a curvedsurfacewill maintaina continuous flrve wittrNO breaksnor kinks, A plae urface, therefore,cannothavea line (or' edge)widrin its normalboundarYg. A line in oneview maybecomeapoint (in ar endvian); on fite otherhand it may representa surfacein edge. tL A point maybe an intersectiono{, at leasfthee planesurfaces;on,it mayrepresent tre point view of an edge. A point in oneview mayalso repesenttwo or more ' pointsthat are digned in ftat view. * 's'
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 D. MISSINGLINB9: 5' Pagc2l t) a, Similr Adiaccrt Areas: $ornceRefercncc
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Reference b. Similar Fitrres of SameAreas: (Source: I Page?l l)
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 E. AIIXILIARY VIEII/S: l. en Ar.priliaryView is dtained strcn anobjec is projectedon anyplanedhcr thm the horizorfat, frrontal, andp,ro6leprojectionplures. A Primry A.odliary View is p,rojededon a plur that is perpendicr-rlrto o6 of ttre prircipal planesof projec'tion A Secondry Au.tiliry Viev is a projedion frqn a fimry ^gr.uriliary View, and on a plme irclirrd to all thce primry planes. In manycasct,a Tertiary Auriliary View mqy becorrr nec€ssaryto solve problernsin DESCRIPITVEGEOMEIRY. Z. When the objectto be &asn has an inclinedsr:rfaccthat docsNOT appeatsrr size(andshqe) in any of the regular (principaf) views; and the tsrr size ard sh4e of this irrlird srrfee is !o be daermirE4 an arxiliary projectionplaneparalleltot}e strfact canbe imagined(i.e,a plarnperpcndiarlar!o ttredesiredlineof-sigh). 3. Plars prallel to the prircipal planesof projectionre rnrmally nsedasrefertnce,cr datr:rq plrr fcr lrrrsferring dimensionsfrom oneview to anotherview wfrichusesthe sarnerefsrnce plane. The referenceplanemay mirride with a projectionplane,it may crl tlrough theobject,a il maycoirri& with tle backsr:rfaccof theobject (Source; 5,Pages 317to 318) Relerene b. Reference-Plane Method(Normal)
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E AIJIGLIARy VIEIIIS:



to the ftortal projedion 4. Depth A-uilirv Viry. Apdliary plrrs of p,rojed.ionthat,are pcrpendiorlr O"-rlon..r *t"r"e, tom anyplaneparallei!o the hontal projection.pl*t:,.frb planewill *pw one are ryh At'Eriliary Views' "rn"*r corr11Dnprincipal dimengionis DEPrE hencr, all views projeced Fcrn the Front View includingtheTop andSideViews. t}r haiaontal planeof i. Heidt AuxiliaryView. tu)dliary plane of projectionthat re PTP*f"yo.to projection * di*.r,"", 6om cry plan. p."ilul to trrg haj3ntal planeof projectionwill showor* 'au'o
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Auxiliar.v Sectjon (Sor.rrci:Rcfetenced Page326)



Width 0lr) Ao< Viess (Sourcc: 5,Pagc321) Rcfercoce
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 E. ATJJOLIARYVIETIS: g. Dihe&al Angl€s. thc rrgle betweenhrb plrres is a dihedralangle. One of tle p,rincipalrses of auiliary views is to show aineAl anglesin trrr aize. Tectrriqrnsin ddcrrniningtrlE sia of ditrdral rrgles include: a. To getthe edgeview of .aplare,nndtln poirnviewof anylim in thatplane; b. To get the trtr anglebetweentwo plarrs, find the poirt,view of the line-of-intersectionof tle rwo planes;and c. To drawa view showinga tnre dihe&alangle,assurrna [neof*igh (LO$ parallel.lothe line of intrrsectionof the two planesmakingthc mgle' 9. Usesofanarxiliaryview: & To deberminetle tnr lenethCiL) of lines, b. To obtainthe point view @V) of lims, c. To obtaintheedgeview @V) of planes'and d. To find the tnE sizeard shapeCIS)of aplane(s*'L"'1. a



Refcrence i Pagc323) Dihe&als / Angles (Sourcc:
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SuccessiveAuxiliarv Views: (Sorrce:Refermce5, Page328)
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 E CONSTRUCTIONOF AIIJfiLI,ARY VIETIS: projected l. Drnr two viewsof tbeobject,if mt gjven Desigralethe view fr,omwtrichthe ar-niliarywill be as Adiacenl tak€n b€ (cr &asn) asthe Certral Vieq md the othevierr-frrcrnwtrichrnea$.r€rnertswill that these ?. Drar projectionlineshtween iderficalpoirrs in ttr Adjacert and Ccrtral views, making stre lirrs re all prallel to eachcther. t'o the 3. Draw a referenceplane (RP) lirc bebreenthesetwo views, making tlr ItP line perpendiorlr projedionlirns. arrow 4. Delernrinethe desirelineofeigtrt (LOS fa the Arxiliry view, and indicatc this IOS by an indicdingthe dirtctionof lookingat theobjed i^^ frorn fm oll rnirtc in the i Central View, paralllel to' br'rtopilosile in all poiras i. Draw a secondseiof pmjdion lines View will directionof, the LOS arow. This setof pojectionlinesshali edendtowardsthe rea wherethe axiliary be corstnrted 6. Drsw the secondRP line pcrpcndiarlr to the secondsetof projection lines' -. Fromthe AdjacentView, transferall bi;ts b thc .p,uxiliry View alongrespective 7. Using rrreasrrernents projectionlircs (from AdjacertboCentralthenccto *,xilia-y). -hidden poirts shallbe connectedby brokenlines' 8. Connedalivisible poirrsby solidlines;while
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 F. DRAWING SECTIONALVIETIIS:



I



L Detcrrnine line of giettt (I.oS); rrd iderfifr all lircs and $rf&ts CUT by the crlting plane (ahayr shownin EDGEview ar a crlting planelinc)' 2. Conplcely igrrcre (or fcget) dl lirrs md surfacesof the object behind the cdting plane (everything to thc rearof the arows slnwing LOS)' 3. Establisha refererce plarc (RP) line betseen givcn views, if these views re adjrcert !o eadr the two otherCIoprrdFrontViews, crFrori andSideViews)' l. Draw the sarnerefererre plane line in the the desiredlocation of the Sedional View between space View (view from which the sectional given Certral the and directlY). will bepojected 5. Draw projection lines between identical poirts in t}r given views, making su€ that all lines r€ parallelto each ot}ec otlswise, t}e lires tha! are ml oarallelto tie otlss re not conrcciingthe salrppointsin thetwo views. The refserre plarn (RP) line mu$ always to thse projectionlines, wher€verit is be perpendicular drawn 6. Frcrn all points in the &ntral View fq'sard rrows, draw anotlr sd of projection ctuingplane of ttn oppositein dbection ol-tfE line'of' but to, prallei lirrs sigfrtandtowardsthe rea where the SedionalView is to be corxtsrrbed Theselines shall alsobe parallel!o erch otha-, and the second reference plare lir:e mu$ be to this s€tof lircs. perpendicular 7. Using distancesof poirts from tlre RP in the A.ijacert View, meastre alongtleir respeciiveprojection lines, transfer tlrese points (by following theh correspondingprojection lircs frcrn Adjacert View to View,andhenceto SectionalView), oneal a tirrr' Cenn-al 8. Build theseclionalview srrfact by rurfre. 9. Hidden lires ere NOT nee&d in Sect'ional Views. 10. Sr:rfrcesin contrt with ttre cr-ttingplme re normallysediorrlined
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 F. SECTIONALVIE\I/S: I . If a Cuting Planeis ssgnrd to gtt ttrorrgh thd,prt of the object thal rne& to be mallzed or orrnined; erpocing the r-rtcrir corstsution of tie then,the two parts cr hllves of the object a'e imagirra !o b; ecren ryart, 'tine-of*i&t (tO$) desired'ttr imaginaryhalf object"a sectionalview of that i*61icr irr be &awri Dependingon tf,c of-tlr objecf which is obst'uctingtheview of the interior is diccr&4 igrcre4 cr rrrfallyrerrnved. this Z. The CrxringPlarc-isalwaysdrawnin the view adjacenitothe seclionalview (he cenbalvierr in itself; case);and it is shownedje-wises a line calledthe'crtting-plane' line. Il is NOT shown in tle sectiond view alttnugh it may be strcwnas a lirr inthe cther givenyiewl Arross st tlr ends of the cr:ting'plarn line indicatc ttr desireddirectjonof thelirr-of*idt (Ir$). 3. kr visualizinga rectiorl t}e following6ri&lines will be r.seful: a. The sectionalvierr will show,t-addition to t}c cr:t surfrces, all visible parts behindthe cut'ing planc. All uea torxhing ttrecdting planeshall be section-lirpd; exce$, as cibedin PragraPh I I below. b. When a srrfaceof the objectsppearsas a lim, andis interse


0ORRECTSectl'on and Posltion Gbttirg



,J--1-.-L-.,



P1ana I



I



,/i/ ---\-



,/-l\.



/A\



Tt



\r2



Il \\



\y



I



48



,



I



| I



\ \ \_ I



-/



,



I



VROltG Positlon of Left-Sldle Scctlon



 F. SECfiONAL VIE'\trlS(Cont'd.): 7. A FttLL SECTION is made by passngttr crfiing planeall-thewaytlnoudr thc objecl The arrowsat Thehalf of the object'behind' indicd,ethedirtctionofgigttfcrthesedionalview. bothendsofthecr.rtting-plmeline ccept, inthc seclionatview igelf. thw xbuallyshownrrrmve4 is onlyimatined to bererrpved butnot td;; prallel sith thin lineseqrrallyspacedby ere. planc re section-lined ,r.a th"r re directly t contrct with ttn cr-tting not etion'lirpd prts behindthe cttting planere fhe "isible g. If the crfting-planepassesonly halfray tlnouglrthe object"aHalf Sectionis creatcdwtrerebythe irteria Itisrsedrsnrallyfrsynmetricdobjects' oforp-halfofthcobjectrtiOrextcrioroftlEotlshdfreshorrn positioned standard locajon in the arrangenrrt of views. the in NOT is 9. A Removed Section as a Putial Sectionand olten &awn to rt ma& often It is cricntrtion ncrrnal its HOWEVE& the sectionretairs enlagedscale. thd, do NoT lie in a 10, When irregrrlarobjects are sectiorrd b is often nec€ssry to showseveralfeah-nes 'offsd' is or beat,in ttn crfiing'plane However, if usable, not tine is crrting-plm strai;ht sraigfrrlirn; t}us, a ncnial &grees; re all 90 the cutingplane and ben& in offscs obtairpd The be cm resuh desired ;;. ; ,r-; places,the plane' sraight a be to imagined i! is viev, but" in ttx sectional (Source: Refereac'e5, Page 292)
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 F. SECTIONAL VIElllS (Cont'd): evenif the I l. Thin objec'tssuchn ribs, ger teeth,rrd ctherfl* o\iecs, re NOT normally.sediorrlined to s€dion-lines cuting:plane pases riglrtthoush the objecl They canbe sectiorlircd only by using double*paced clrify the sedionalview. . 12, Alisred Sec'tjon If eterrsrts wtrich tre rrgled Fom each otls need to be irnluded' the ctningplene be $raigfnenedot'tt maybe bent so as!o passttrou$r the elefiEnts.The plme andtheelenrentsarethen imagirrd to cr'rtringplane(see tlre in into tlE original $raigtrt plarn.- The renrlting sectjonalview is therefcrcwithort' any bend below). or view showsttr shapeof the cross*ectionof a bar, rt arq a'spoke, 13. RerolvedSectjon This sectional plarr projedion thc trnins by otlrerelongatedobjedsplacrdacrqsthe longitudinalview of theobject This is made of the sectionthough 90 degreesandmakingit prt of the borial plme. bc madein*ead of 14. 1; itia necessarylosavedraftingtimemd/a draftingpaperspace,Pdial Views may completeviews. zc
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 LES PRINCIP DESCRIPTIVEGEOMETRIC Tm NoRI\{AL CIRIJEtEt'IGTlt) VIE\V OFA LINE: TO CONSTRUCT prinopalviewswill strowthc l. If a linc is prallcl to tw9 princrpslplmcsof projccliorlthcntwo linein its truclcngth(fL)' thc othertwo,it will be Euc z. rf ; hr. is p.rant-rto'oni principalplmc only,ard is indincdto vicw onlY' lcn$h in oncPrinciPal Scn a truglcngthvitw of trc line i. ii;"ti". is obliqpelinclincdto fi principalprojccrion.plqcs), to thclinc. pcrpcrdiculr a dircction vicw in b. ouirincaby a singfcarxitiary ;;"ly \z n',t ' I'r'r '\z | ' TO CONSTRUCTTffiPOINT(B[D)VIEWOFALINEI vicw of it will bc a thn oft pnncipal plancofprojcdion, to aprincipal l. If alincis pcrpcndicular pointvicw(PV). on a to bc tnrelcng&l-9nc of th9wel.viewl,.al arlxillttyd:T projc-cted 2. If a line appcars LoS, mrstbc parallclto thc to frrcbuclingthlinc (thatis,thclinc-of-sight, olancpcrpcndrcglar point view' to obtainttr TLln;) mustbecongructed ury ofthegle.nviews,atue lengthlincmustfust tnrgleng0r,in its in ap,pear not 3. If thelinedoes a sccond u.lutoinra uy . fri auxiliaryvicw in an Los pcrpirdiculuto thc linc. Ther\ to theTL linewill showthclincasa poinl arxiliaryviewprojcctcdparallel
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TO DRAWTIIE EDGEVIEW (Ev) oF A PI-ANE: view,a first aunlialyvicw may bc in its truelcngthin a-.gv-en l' If a linc in thc planeappears to obtainthepointviewof thd order in linc that mJtength wrftrmeros puailclto consbuctcd appcarin thcsame automaticalty thelinewill line. Thecdgevielv69 ortrreplanecontaining auxiliaryvicw. in in its tue lengthin anyof thegivenviews,a TL linecanbe constructed ?. If NOlineappears cithcroftwo waP: parallel Uy&ayrnB.an {nagrngylinc a. A trucfingn finein thcplanccanbc cstablished cxpcctcd is linc thc imaginary of thc TL plancofthc givcnviewwhsrc to Urcpr-ofcUon or' to aPPc4, t f"* auiliary vicw, by constructing b. A tnrefi"g6, lincin theplanccanbccstablished to alincin thcplanc,fromany-ofthcgivcnvijws. witha LO! pcrpcndicular by 2a or 2b Sovc, caobc drawnby an linq cstablishid lcngth 3. Thepointvicw-oittr. tor. theline' of tlp planccontaining vicw cdge the obtain auxiliaryvicw projectionin ordJrto N.



TO DRAWTEE NORMAL (TRLE SHAPEAND SIZE)yE\W OFA PI-ANE: viewdravmwith sh9*Tin elgcin oncofthgfvl.views, a firstauxiliary l. If thcplaneis atready dcsircdnormal produce thc plmc will t. lin.,or-sight;rd..dicularto tficcdgcvicwlini of thc or tmc shaPGS) view of ttc Planc' of ttc planc Z. If thcplani AocsfuOf apltr ir.gfe in.aryof ttr givcnoi:*, e edgc1'r9w@Y) witl rr-a! prallcl to a truclcngtr line mustbc drawnfirst in u'tirrt u*iliary vicw construitcd ' with tfr LoS perpndiculu to the be &awn, trcn can viiw arxiliary t ril.-ilr"";;cond planc' .Og.ui.* to obtainthctuc shapcof thc
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 CHAPTERIV LINESIN SPACE A



CI..ASSIFICATIONOFUNES:



drudutt1 it is a't advantageto Since lines in spacecm r€Sr€f€ntcenterlirres of impcrtant engirrering planes' tnder$andtln propertiesbf nr"r qrd thehreld.ionship!o projedion projected ontha! plmeJ l. tr a line is prallel f,oaprojectionplarc,itwill apper in its rrr lengfhwhen (topipf ar.p-iscalled a frontal-tsizorfal line' 2. A line vthich is pralld to thc frortal plarn 6d tlp hodzontrl views' i"Iiewt of the lirr re calledncrnal -a top S'ch a lirn will appeain itstnE largthin thefrJ;t"* -1't "i.t". view).inthe.sif vicw' Sincct}e lirn is perpendiculrtottr pro6leptn",lt *itf aPperasa point(end principalplanegit is an inclirpd lirp' 3. If a li* is prallel to oneprirripa!pla-r, endinbinedtoihe;i;;*; apperinitstsuelengthin Aninclirrdlineth*.ispa-allel!othelop(fprizontal)plarcandirnriredtJ*po,h.tt*o,'"tili int}r othertwoviews' thetopview, andwill apperforeshorterred in line' 1' will appea'foreshcrterred 4. If a line is irrclirrd !o all tlrce pincipalplanes,i! is calledanoblioue a'ryprirripalvi&. (Sor"rce: Referencel)



(z)



( t) //-\



\.



TL \



l.-'/



-



\



52



..t



)



t,-



 OF TWOIJNE.S: CHARACTERISTICS which shottldbc Whcn considcringtwo lines togcther,thercarc scv€ralcosrmsl rclationships undcrstood. -in thcsamcdiitction- Tbc distancc md sxtcnding l.-prallcl lincsarclincstyingin a commonplurc bctwccnthcmis ahraYsthc sama withbdt havingoncpointin common lincsirc lincslying in a conmoqptanc 2. Artcrsccting lltc1' non-intcrscctin-g 3. SkcwlineJuc rnn'parallcl' to cadrottrcr.LincsnccdNoT rclationship l. ffinC.uta- lincsarclincswhichhavca 90-dcgrcc linesto bc pcrpcndicular' bcintasccting
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(Source:Refertnce1)
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 '-{"' I' " ' PARALIILLINES: I|g: parallctlincshavcthcsamcslopc;in otherwords,theyefcnd in thesamcdirccti^oL 1 :Pit: lcnggl thc truc that uc actrallyparallclin spacc,ttrcywil rpprrr prallcl in auyvicw takcnof thcm NOTE parallcl..Ngn: whcthcror not thclincsarc of oncorbothof ttrclincsiiNOf u o,i,ir.*ktt for dctermining appcarparallclin oncvicw,FUf wouldnot afipcarparallclin adjaccnt parallcllincs couldconccivably vicws. thatlincswhichappcTguallcl in g9-gdjgt vicwsarc rulc,it canbc concludcd As a gcneral . planc,butnotto cachothcr' to a principal to bcparallcl E)(CfoT, wtrcntireyappcar parallct;
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(Sor-nce:Rcfaerre 1)



NON-PARALLELLINES PARALLEL TO (ONLYJONE PLANE: to one princtlal An EXCEpfiON to thc gcncralrulc will occur whcn two lines arc botr prallcl ttrc principal which r1 vicw any plancbut NoT to cachotha. In sich a casc,th lincs wrll appcarparallcl in two nqn-Pr-allcl!inc1w$tt plane(to whichbothlinesarc parallcl)appctrsin thc cdgcui.'*. hot cxarnple, vicws-In ftc sidcsrep3{dg! to theprofileplancwill appe&rto be parallelio cachotherin thifront andtop vicw, however,it will appeartbatthc two lincsarcnot parallcl it is ncccssary In cascswhac'lincsuc parallcltr u pti".ipA iturc and appcq paratlclto cachottrr' slopc' to &aw a normal(huclengttr)vicw ofthe [nJs, in orderto dctcrminethcir
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(Refererre:Ref 1 andz)



Dr



E[-



EX.IT



I



Rr



a q T- .



l+



I



*-Tr R?



lAr --+-R P



ss



I



Rs



Qs



eF



54



 E.



LINES: INTERSECTING



in commonThs, thcpointof intcncctionin lhc fiont Wbcntwolincsiutcrscct,tbqybavconcp_oint projection (ptr&l linesof ofur points)with thepoint linc to &e projeclion line in horizontally be viewmust point rni& thc of intencctionin &c.topvicw. bc vafically in linc sst ad in 6c sidcvicw; of intcrscction and intcrsection in thc auifiary vicw fu cenbalviewmu$ alsobc Theprojcctionlinc betwecntrc poinbof parallclto all otha prortctionlincsbcfirccnthcvicws(Sor:rce:Refeerrce l) Fl t0t
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NON.INTERSECTINGLINES: in ary two adjacentviews, is NOT If theprojectionlinc, joining lhe apparentpoint of interscction the lines do not intersect Two linesmay then paratlelto thc otherprojectionlincsbctwesnthosctwo vicws, appcarto bc intcrscctingin two adjunt vicws, but will shownon-parallclprojcctionlinc of its point of intincctionbctwccna sccondsct of a{accd vicws,if thcy doNOTrcallyintcnccl :(Source: Refererrel)
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 LINES: PERPNDICT.]I*AR wtrichONE Whcnlincsarcpcrpcndiculrto cacho$cr, ttrcywill appcarpcrpndicularin a vicw in or BOTHof thclincsarcnormalGuclcngth). AB andLinc For cramplc,Linc AB is in iC Uuctcngtrin thc topview;md thc anglcbctweenLinc aroundLinc AB to my Cp is 90 dcgrccs.Ttrclinesarcthcrcforc, ffindicular. PointC canbc rotatcd rrim angtcbctwccnthclincswill rcmain90 dcgrccs-(pcmcndicular). position, bothlincsto a vicw if twolincsarcpcrpcndicnfuiieachother,-project to dctermine Whenrcquircd thc lincs' If ttc in whichONEor B9TH of thc lincsarctructcngtfrlnormal);mca*rc thc angli bitrrccnpcrpcndicular but to cachottrcr. If Orclints appcar ttrctwo lincsarcperpcnrficlr"rlar anglcis 90 degrccs, dtclinesarcNOTpcrpcndicularneitherlineis in itstruelengttt" 1 and2) LincsGef:Referenc'e I/II - PcrPcndicular
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BF Lincs(NoTL Lincs) {New} ,IIVIV - NoN-Pcrpcndicular
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 SKEW LINES: 1. Whcn two lines in spacere rnt pralhl !o ertr othcr,bd. th.y alsodo pd irf,€rsect(rtorrh eachothcr), they rt ske*ed srd rtfened to s SKE$I lirrs 2. A sp€cialard uniqr lcindof sl
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AND NOT SKEW LINES: rWO LINES TI{AT ARE NOT PARAIIEL. NOT INTERSF.CTING.
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LOCATIONOFA POINTONA LINE:



vicws. Shorpnbclowre hrec to eachothcrin adjace-nj Pointsm elinc havca dcfinitcrclationship principrlvicws andan aruiliry clcvationof UnJ AB. PointP is I tpt.S..pgPt on.LincAB' Fromthc projcrtiortPoistP in thc frontvicw is horizontaltyin linc with PointP in ftc sidc i,tlr.iirfrr of orftographic of vicw. Also,PointPitim froit vicwis vaticattyin tincwifi PointPin trc iop vicw.-Fromtrc principlcs arxiliaryprojcction,PointP in ttn top (.rntrli vicw andPointP in thc auiliary clcvationwill producca thcscviews. finesbctwcen tincwtrictris parallclto alloftcrprojcction projecti-on (Source Refoerrcet)
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'i LOCATIONOFA POINTWIfiIIN A PI-ANE:{Ncw} l',t: locstcdif nd dcfrrcd can be point spacc in A to kmwn rfsrsncclincsor axcsis known'or t. fu relationship ba dcfinedplmc crr becsablished2. its tocation throughtbcpointmustfirstbc To locatcttr positionof apointin aplurc,alinc in thcplancPassitrg UNTESSthcpointis ahcadyin a dcfncdlincor conrr of hc givcnplanc,in wbichinslancctrc constrgctcd; in &e middleof the dcfincd locationof thcpointis ahcarlycvidcnt If thcpoint lowcva, is somssrtcrc planc cufiing thou$r ttrc sidcs ofthc mu* bcdrawnin anyof point and ttroughthc planc,ancwlini passing in all tothc-adjaccrivicws.Aftcrthcncwlincis cstablishcd ihc givcnviews.Tlrisncwlincis thcnprojcctcd of the ncw linesandthc at theintcnections vieis, thc point is thcn alsopojecte4 andis established lincsof thcPoint projcction througlrttrc pointmu* In ordcrto locatca pointin a planc,thacforc,thclocationof a lincpassing in allviews. firstbc cstablishcd
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LINE THROUG:E APOINT NTERSECTINGA GNIENIINE:



A linc tbrougha pointP canbc constuctedso as to intcrsccta givcn linc AB by makingthe projectionof ftcir courmon pointof cmtac! in all vicrys,pmallclto thc othcrpmjcctionlincsbctwccntrc vicsrs.Thisrclationship rnrstbcshownin, d lcastrttrccvicws. (Ref: Rrfererrca)
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 LINES:{NCW} IRI]E A}iIGLESBETWEENTII/O INTER^SECTING Thc g.rc dimcnsionsof mgtcs bctwccntw6 idcnccQs lincs-cT .ory bc obtaincdfrom thc bothlincs,nrchthattbclincsarcin thir truclcogbs. NORIyIAL\rEW of &e plrnc containing
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bofr ofvhic.barcprallcl to a principalplmc in l. Thetrr angtcbctwcantwo intcrscctingtincs, fromoncoftheothcrpdncipalvicws oncvicwcanbedctcrmined .Br Hv
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Hr,/ | ^y 1l __ furyaplurctpg:Tg h.:.Ut.(tltry -Tl intcrsccting.lincs,.vrhicl betwccntwo 2. Thcrucanglc lctcnnincd fromtrc prima'y(first)nrxiliaryvicw drawn



sindclinc) in onc of fic. principalvicws, canbc ftoit n. edgevicw of thcplancformedbythctwolincs'
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 LINLS: (cont) TRIJEANGLESBETWEn\ITwO INTERSECTING lincs,whichdo not fo* ! singlclinc in auyYiottP{ C. Ttrchuc angtcbctwccntwointcrsccting (second) vicw, nor arc parallclto asy pnnctpalpfm. ripiriectiorL canbc dctcrminedty tt* sccondary of the vicw (cdgc auiliary vicw drawnfromanaruiliaryviewwhc;in thc twolincsappcuasa singfclinc lines). plancformcdby thctwointc,rsccting
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(Sor.rce:Refcrerrce 1)
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 TINE Tffi.OUGIHA POINTPARALLELTO A GIVEN to a 3 Alinc throug!a pointP canbc cons:tuctedi4rallcl frt Ehco EKCEPT vicws, two lcast' inat plmc, AI.IYtinc in thc a which thc lincs in vicws, ccc,.free in which lianeof projection;
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 CHAPTERV IN SPACE PLANES A



DEFINTIION OFAPLA}TE: .1. A plrr is a flt srfrcr suchthd, if anyof its two points re cornected by a sraight linc thd. straigtt linc alwayslies wholly ontln sufrce srrh asthe side a bo:c but 2. We usuallythink of a planesrrfrc e a Enitc strfrc (with &finite bor.rndaries) in descrigivegeomdry,aplrrehall bevisualiadasirfinitc,dcndingbryondthe poirts md lirre thd describeiL fhese artlnee wrysto defineaplrr: . a. Two irtu:ecting lines; b. Tlree poirfs NOT o'nastraigtrtlirn, c a lraiglt lirr anda poirq and c. Tbo parallellines. (SourceRcfcrme3,Unitl)
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 OFLINES AND PLANES: B. RELATIONSHIPS thenit is ciilrcr A line is eitha prallel to a givenPlsnc,or it is non-parallclIf it is non-parallel, ( planc wi& dfrc&at); a but, in cithcr to ttrc casc, anglcd, it m.y pcrpcndiculr,or or mry not intcnectthc givenptanesittrin its dcfincdboundries. Sinceplancs,in DcscriptivcGcomefiy,gencraltycxtcnd bryond tlrcb cstablishcdbordcrs(tmlcssspecificdto be otrmrisc), r nm-parallcllinc is normalty aEcctcdto picrccthcplancsomcwhcrc. ' ' 3, Unit3) LincParallclto Plmes.(Rct Rcferwrcc l. to, atleastonelincin thatplane.This A lineis parallclto a plancif it appersparallcl ain only two adjaccdvicws;IJNLESS, boh lincsappcarprallel to a canbc dctcrmincd rclationship third vicw bccomcs a ncccssary casc, in order to dctqrminc latcr planc. tr ttris if thclincandttrc principal plancrc prallel
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 8.1.



LincsPraXcltoPlanes(CodO.



b.
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p-r.[tl to a"(plmc strownin cdgc,in oncvicw, is parallclto thd A linc wtrichappcsfs



planc.



plancsif it can,bcshownto bc pratlcl to thclinc c. Alinc is prallcl to twomn-parallcl ofhc twoplaocs. of intcrscction
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B.REI-ATIONSHIPSOFLINESANDPIIINES(ConfQ: :' Linc Pcrpndicular to Plancs..(Rcf Rcfcrcncc3, Ihit 2)-- ; 2. '



to €vsrylincin thatplma This A tincis pcrpcndiculrto aplmc if 1tis pcrpcndiculu t to, at cm bc dcternrinidin, d lcasttwo vicws,if trc linc cm bc shownto bc pcrpcndicular rclationship lcasttwo riar-prallcl lincsin thc planc,in trosctwovicws' to aplancwhichis dcftrcdonlyby parallcl A.tinccanbc showuto bc pcrpendicutar b. t\ plane is shownin cdgc' -] ^, lcngth andthc in aviewwhcrcthelineis in [ue planes, -T'l
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 (Con(d). toPlanes LinesPcrpendiculu iqtclsectanylinc.witldn to a plarc doesnot neccssarily A lincwlich is pcrpcndicular c. no'tpi.t..atc plancwithinif a:qtu bomdarics' rtrcknownbo*orri., oin;plan* i,", trt.6;;t givcnplane' Thereis onlyorr finr p.rsing0";"gfr a pointtit t it prpcndicularto a d-
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 to it . B.lINEs AryDPL4NES(ConfQ:.is r orangtcd a gjvcnplmcis cifrcrperpcndicula j. LincAnglc.J in. ",li.tr notpuallclto ruc is line the whcrcin ltshowninaviciv d#-p'-.;"r"t!, Thctruc*gte thar. iio.^ili., *u,..(smc as2babovc)' pdt it thtwnin cdgc ilil;;ffi



/\



69



 OFPIANES: C.RilI,r\TIONS}UPS plancs caseof non-parallcl or not-pratlcl A spccial. plancs in spacccm cidrcrbcparallgl Two ormorc from dcfined to cachotftii Non-pttrfiAplanes'ot tttir extcnsions arcthosctrat arcpcrpcn6icglar thcm bctwcsn or dihcdrals formanglcs boundarics, 3, Unit3) (RcflRcfcrcncc Plancs. Parallcl l. if, for cverylinc in onpplane'thercis d least rwo planesareprallcl to cach'other a. in at least is b.cst.dctermincd ;1 riris relationship planc;;;fi; linc in rhcsccond onecorresponding to twonon' parallcl twovicwswh.r. ttuonorrp*"ffAnnciin oti. pf*g areshownto bc corrcsl*dingty parallellincsin ttrcothcrplanc. ., , I r: ; #
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c. REI-ATIONSHPSOFPI-ANES(CodO:' ParallclPlstcs l. bothsolclydcfinc!by puallcllincs,canbc shounto bcparallclto cach two ptancs, b. appcuhcdgc' .'' .'1'' ;'' both-plancs othcronlyin avicwwhcrc passinitfougn a gvcn point tbatis parallclto two givcn pimc ftrcrc is otrtyot" c. planes.



.tr -.-!--^^ -._. r if theyarecut Two or morcparallelplancswill produccpcalletlincsof intcncction d. bYoncothcrPlanc. orintcrccptcd
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Puallel Planes(Cott'd) Parnllclplaneshtersectedby anothcrplanc d.
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C. - REI-ATIONSffS OFPLANES(Cotfo: 3' Ihit 2) Plancs.(Rcf Rcfcrcocc Pcrpcndicular ; plmc is Two plancsare papcndicular-tocachotrcr if at lcast @ linc in onc avicws lcast two d in dstcrmhcd is bcst pcrpcndic'lr t, rygfol tr ti.-ott'.t i1*r. rtt rclationship otrer tbc in lincs to, atlcast,twoNoN-prallcl rt r*t ti, bcpcrpcndiculu whcrcinonclinct ,*?irJit planelincs,canbc shownto bcpcrpndiculrto Twoplrrcs,bothdcfincrlsolclyby parallcl b. cachothcrmlyinavicwwhcrcinbothplancsarcshownincdgc. to thoughI Wcn pointin spaccthatis perpcndicular on p6nr passing fn* it c. "nly twopcrpcndinrlror anglcdplancs' to to arryothcrplancwhichis pcrpcndicular ett fitrric.ting plancsarcpcrpcndicular d. lincof intcrscdion theircommon
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 c.2.



(Confd) PerpndiculuPlancs planes. to angled perpcndicular c. andd.Planc
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OFPIAI'IES: D. CI-ASSIRCATION



thc frontpranc;andtrat its projccfiononthatplmc (front r. Frorralplurc: A plancthatis paralkrto andthc profilc pcrprnaculrto ihe-horizontal pi;*llu. ptanc)is ca'cd . no*li-ui.;:*A fronmr two ottlt".*cd pranc:A plancthatis pcrpcrdic'luto oncprin$I plane,butincrincdto thc othr to, perpendicular



*f,|ff prmcs.^rt principal



it is wherc il;dgr";li.; trrj*tcqto|l1qonal plane thcothcftrpopincipalplancs-



urdwill appcarror.r*rtin.d whenprojcceilon in forcshortcned allthrecprincipaplancl-rt will aPPear 3. obfiqucplane:A planethatis incrinJto vicw. arryprinciPal (Source:Referernel)
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 CHAPTERVI IN SPACE CONSTRUCTIONS FUNDAMENTAL A



'p"'' 0'"y o1l tpptarparallclin anydew drawnof thcm 2. Givcn:LincAB andPointC. to LincABoflinc CDparallcl Construction 3. Rcquircmcnt l) @ef: Refererrce
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 B. YIEW OF A LINE: l. ConcePts: viewol it will plmeof projection, thenoneprincipal to a principal a-tf a tin. is pcrpcndicular Euc lcngtr. its strow will bc ancndvicw;wirilcttrcadjaccntvicws b. If a lincis puallcl to oncof Srcprojcttionplancs,andis inclincdto ttr ottcrtwo,it wt'llbc viewon$. - -. tue length - in oncpnncipal thcna Fuclcngtttvicw cut bc is obliquc(urclincdto all ttnccprojcttionplancs), iinc c. If a pcrpcndic{* tg thclinc. in a dircction constructcd by a singlc(or first)atuiliary.vicw obtaincd projected ona planeperpendiculu it must be linc, of any (or poinQ view d-To ohainthc cnd (inc of sig[rt)mustbcprallclto thclinc' to thelinc;or,tttcvicw dircction thc Z. nequircmcntGivcn obligc LincAB, obtainthctruclcngthofline AB,and&awttrecndvicw of thisLincAB. @ef: Refererce I and2)
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 c. LINE: 1. ConccPts: in space,thuy mustappcsfperpcndiculrin a vicw which e If two lincsarcpcrpcndicular showsthetnrclcngthononcor bothofthctwolincs' principalvicws' an b. If reithcr of thc givcntincs appcarEuc lcng0rin ary of thc ?Ycnoutainae rcquircdtnrclingthvicw of oneof thelincs' arniliaryview shalluc arawnin order"to 2. Rcquircmcnts:



i:---r-_r- ^--+LaaLineCD' to another LineAB perpcndiculu viewsshowing a.prawtwoprincipal FromPoint Linc to h^orizontal AB. @occdruc: b. DrawaLinepc frompointppcrpcndicular to tre front c Point Projcc AB. i" ul. &rii rengthviewof Linc p in Topvicw, drawLinepc perpcndicular vicw.) to thc obliqucri"t 4P @roccdlre:cln:rl|c linc BC pcrpendicular c. Drawa horizontal fromPointB' to LineAB in TopVicw. In FrontVicw,construdLineBC horizontal$ LigeRCperpendicular fromthetopview') tf,ento.ulngPointC by projection . ^, i! -- - r :^^ .^1) to obliqueLine AB.t (Procedw:D-rawthe d. Drawa LineCD frompoint c perpardicular to LincAB in this or view,of LineAB andPointC;ttrer\construitfine'COpcrpendicular aruiliaryelevation, D to theTopandFrontVicws') AuxiliaryView. PropctPoint (Source:Refererre l)



(eu) cT



I



I I lPt



Ic



I }ir



ll l\ I



{tr



Br



r



I



I I



lne c-\



.r'\



Tt( 2d)



(2")



78



 I



D.



(ordctcrmbcg g-{.c1lT:T:TiljH.#,*YhYrT: mvor$rc iscstablishcd Aplanc 1. conccpt on cmbccshbrshc{ n space oiaptani



il.;T$Hr:#ff#ilil;;; pararcr



;; fr;i-'..d;



lbove gcomcticarsngcmcnts' 2. Rcquircmcnts: by thcc points(oralinc& a point)' a.Plurcdctcnnincrl by two parallcllincs'and b. Planecstablistrcd lincs' by twointcnccting c.Plancdetcrmincd 1 and3) (Source:Refererrce A
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 l. ConccPts: pnallcl to my linc in a givcnplmc, thc constuctcdline will be I If a tinc is constnrctcd plurc. prallcl to thcgivcn v ' --, t---.-:r-r'.-ury linc parallclto a givcncxtcmal(outsidcthc planc)linc,tte plancis b. Iia planccontains parallclto thegivcnlinc. 2. Rcquircmcuts: a planc,conhining a. GivcnthcLincsAB andMN, in ftc Top andFrontVicws,construct andpuallclto W u1:r.noi{.on1lin. Con$ructLinciq thro-ueh parallclto LincAB.. @occdurc: LincMN, 'ihe LincsMN andPQdefinssaplaneotti.h is parallclto I-h:iB-) inte.recting LineAB. b. Civcn"trcskcwLineseb andCD andPointP, in thc Top andFrontVicws,consFuda UncsW and p andparallcl to bothLincAB urdLincCD. (Proccduc:Construct ttrougtr-point plancpassing XY define md UV Lines cting Thc intcrse Xy throughpointp, .oOl*unrf to UncsAB andCD,rcspcctivety. to thegivcnLinesAB andcD whicharcskcwed) aplurewfiichis parallcl (Source:Refoerre 1)
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 F.



1' conccpts: to a principalplmc will appcarin cdgc planc(frontalor inclincOthat is perpaulicular whenprofict.u orioanaruiliaryplanc;thc edgcvicw of anobtiq'cpla$:,itmustbcprojcltc-d TT:tlm'ur linc in the in , oirw dlrs.tionior finc o{ ti$Ji pri'anato r t'c'lcngth arxitraryvicw mustb;;";;.t.i plancin edgcwill showtrc obliquc obliqueplanc.Ttrc,;l;;.*ili* Irl vicwsgivcn,a tr.lcngth in ttrcprincipal appian.r c. If noncof thc lincsin ttrcgivcnplanc linc will thcnappcar plane.Thisconstuctcd in thc g-vclglanep*"rnriti a principal linc canbc con$rucred vicw' m. f*gttt in theadjacentprincipal 3' Proccdurc: it to [re topvicw' Line cX in plancABCin ttrcfrontvicw,andprojcct a horizontal Vicw' Linc CX is normal(trtrclcngttr)in tht Top to Linecx fromthcTopvisw ontoan b. To o6aintheendview .ii;r,. cx, prolct qarallclof LincCX andtrc cdgeview ofPlane ir'o* tt" tnini'* auxiliarypr*r. rn ,Jr,,rTr,;;,Jitty "i;;li , ABC. (Rei Refererce 1 and 2)
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INCLIMD PI,ANE: 1. ConccPts: ttrcplancis shown In ordcr a.Thcnormalvicw of a planeis a vicw in wtrichthctrucshapc.of thatthclincof sig[t (or vicw dircction) to obtainsrisnormalui.w, Ureplancmuibc vicwcdin zucha dircction to thccdgcvicwoftheplanc. is pcrpcndicular b. An in?tini6ptan.oin .pp.rr in cdgcin oneof lhc ptt"P4 views;thcrcfore'a single to th-*cdgcvicw,will showthctrucshapcandsizcof ttrc pcrpcndicular in a dircction auxiliaryvicwprojcctcd inclinedplane. i. ncquiremcntGivcntk inclincdPlancABCwhichis shownin cdgcin thc Top Vicw, drawthc Fromthc cdgcvicw ofPlaneABC in thcTop Vicw, projectonto,an normalview of thcplanc. (Procedure: to that cdgcvicw; ttus, thc nonnalview is obtained'This auriliaryplancin the dircctionperpcnrlicular vicw showsthctue shrycofPlancABC.) auxiliary (Source:Refaerrce l)
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 E PI.A}i[E: l- ConccPb: ob!{ui planc,two opcrationsrc rcquircd:first a. To find thq tnrc shapc(normalvicm) of rr appesrs



in erige;secon4obtaine viewin whichthc surface obtaina viewin whicn't.bti$t; r*fio fo.* in uuc shapc' by drawinga first (or prrnary)aruiliuy vicw rc accompfishcd b. Thc sovc two opcrations auxiliary (orsccondary) anda sccond 19y' planc a vicw whichwill showtheplancin tue ABC, construct z. ncquircm.ni'iiiu.o ttn obliquc shape(ardtue s2c). 3. Procedurc: Linc CX wbichwill appcutruelcngthin theTop a horizontal a.In thcplaneABC, construct vicw' thcvicw dhcctionparallclto Linc b. consfiuctanatuiliaryclcvation,fromtln topvicw,with viewofPlaneABC' CXin nuelength;thus,gjvinganedge. to theedgeviewof aunliaryviewwiththelineof sightperpendicular c. constructa second / ABC' PlaneABC. Thisviewwill givcthctuc shapcoflPlanc (Source:Refererrce1)
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 thcTopandFrontvicws' locatcttrcpoint 1. RcquircmcntGivcnthcLincAB and0rePlanccDE in whcrcLinc AB PicrccsPlancCDE. Pwtrcrc



thcp-1*t showing anarniliarv I'ff#il''"diilit", T cdsc' folc^PJT-*:1.T:.:.ott vicws. thcprincipal piolctcdto canbc ?;itt} Jifrir?riTrffipr*i.-bE e''ini;.Hil un. (Sor.nceReferemel)
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pa-ssa veftical.PlaneMNOP (the cutting To obtainthe piercingpoint by the cutting-planeme$9d'



'igi'i'iir*' gLlg*t::i'f1fllll'i*; thlt';;AB",il.rgr,'u* containing ptane) Line I*'-;*:*t#: intersects AB Linc r"''fiffi;.;s;;r", isir'ipoi'tativiich



ililjffiltfiltd;ii;'H,ffi;fiil, xv. (Souree:Refcence l)
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 IT}: METTIOD.. MCthOd mctho4a cutingplmc parallclto any t. ConccptTo obtainthcpicrcingpointusingthc cuningplanc gilenlincfis pasleadlhouS plincsurd conaining.thc --- principal of -- ttre F. Wg plurc-r z. ncdutrcrn*t civ.n a ftrc ag andphnCcDg in twovicws(top andFront),find tttcPicrcing PointPoflinc AB onPlancCDE 3. Procedure: tnouglrPlancCDE,in thcTopVicw' LincAB ispasscd a.A vcrticalcuningplanccontaining alongLincXY. andcutsttrisplane b. LociteLineXY in thcFrontVicwby projcction alongLine XY; horrever,thispicrcingpoint c. Linc AB will picrccLine CDE somcwherc thclincscoincidc. belocatcdin thctopvicwbccausc cannot Ijgc AB andnotingthc d. ThcpiircingPointP canbclocatcdin thc tont vicwby tbawing LineXY' withtheprojected pointwhereit interseds (Source:Refererrcel)
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 J.



l' conccps:finc tl try-gt-:**"t'lf' isprpcrulicular toaplanc pcrpcndiculu linc ti'oilpcrpcnOii'lutoafiuclength fiot'i m if intwo.fi;;*t;;iC b.Consequcnty, uicw,thcrincispcrpcndicuru anorhcrrnr-#ilil;;i.* pr*ff6. otfr.r inoncvicw,andto ofrhcplanc to thcplanc. t *tqt#:'*o



in both in thcplanc'cxist whcrcina truclcnghvicw of two diffcrcntlinos to the DA perpendictrlu to ph; ABi. procerhnc:consfrudLinc trui lcngthvicw of tre "rro, views,constuctLineDA perpendic'lar f.n Vf*' q9 pttp*Jt"far to the Euclcngrhviewof thct.rir.irt^f fincAC ;'A; pcrpcnql+tttoPlaneABC') frontalLineAB it uJd;;t"icw' LincDA is andPointP' corstnrcta line fromPointP ABC Plane of noniueris anO Top the Given b. trt. noti^nturLini cY andthcfronblLine ui.*r boftr in co*ru.t pranc anc. br'0..0*., to perpendicular Linc Bx in thcfrontvicw; po to thctruclt;$h BX in thcplancABC. DrawLinc prrp.r,[J.,g,ttor tr,, rto-.iirr "ia;Frontal u;; .t in rheToo view' LinePo is to thg*.i.t in anddrawLinepo pcrpendicular pi"tt' PlaneABC' proceed wh.er.e gt ffr;.p"ft ptane'egc. find To to f:i"*q|*tpages;' perpendicutar *itn pro..Onttin ttttt*ining piircingp-oibel:t:eding accordance f' whereSideAB is truelengthin c. GivcnthcTop*O frouiui.*,-ofpt*" egC"*d"p';fit constnrctar aux'iaryview in the po pirpcndi.'tario prancABc. (proccdure: *e Top View,drawLinc Po in thc Arx Vicw Utt c-d!c;cw.gf Pfu;;Bc'- ntt* Linc plane;thus'it is dircctionparallcl,o t* es'rt'o*inq po i, *.-r".,igtt *oi, p*"u.r-to trteauiliary projection ptanrigc. rin. to perpendic'lar rays'or lines'inthe topview') to ,n, u*iti,'y projection perpendicular Gef: Reference1 and 2)
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 CoNSIRUCTIONOF A PLANETBOUffi A POINTAI.IDPIRPENDICULARTO A LINE: l. ConccptSincca linc pcrpendicuhto a planeis perpcrdiculrto wcry lrt! io thaj planl--if ltre thc lincsuc &awnttnougha givcnp-oini,botr pcrpmdiculuto thc givenlinc, thac two lincswill cstabfish to thcgivcnlinc' plancpcrpcndicular requircd --r j. n.hd6cnt GivcnLinc AB andPointP in two (Iop andFron$vicws,constur'tPlancNOP j9 LincAB' andpcrpcndiculu tluougtrPointP passing proccdgr., Coottr.ihorizontallinePOprpcndiculrto LincAB in theTopVicw,thcn,con$ruct 3. planc. to LineAB in drcFrontVicw. LincsPo andPNatablishthcrcquircd frontalLincpN pcrpcndicular K.
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 L. l. ConccPts: thc ccntcr of trc basc a. A right circglu conchr a circularbascwith its axis palsing.tttr|uglr of thc axis from thc lcngh trc to urd pcrpndicular to thc plancof thc basc;ttrc altitrdc of trc corrcis cqual vcrtcxto its picrcingpoint in thc brc. to thc planc bctwcena point anda plancis alongthc linc pcrpcndicular b. Ttrc *rortcstdistancc througlrthc point andpassing r t , __ __r:--- to at lcast'two non' c. A lini is pcrpcndiculuto a planeif theline appcarsto bc pcrpcndicular puallel tnreJcngthlines in the planevicws of its vertcxPoint A 2. RcquircmengConstnrcta right circularconcgivcnthc Top urd Front andtheplancsurfacc(PlancCDE)ofits basc. 3. Procedurc: drawn line in theFrontView, from which first arxiliaryview canbe a. Con*ructa true-length showingPlancCDE in edgc' vicw' drop a line b. fro* thc projcctcdlocation of thc vertexPoint A in thc atlnliary attiuoe of thecone' The to ptane cor CncOgO.This line is in its truelengthandis equalto ttfi perpendicular 'poiii in ttrisauxiliaryvicw' *t .r. the axispierccsim. bilg is alsocstablishcd to tlre edgeview of PlaneCDE in the c. A secondauxiliaryview is next drawnperpendicular maximumareafttat will fit insidc first auxiliaryvicw. In this secondi*ili..y "i.*, tfr. .it.,i*,basc, with the axisis projectedback to the hianglecDE, can be cstablished-tre cxteniof the baseareain both sidesof fint auiliary vicw. re-projectedbackto tia d. All new pointsfoundin the first and secondauxiliaryvicws arc FrontView and theTop view, in orderto drawthe completecone. @ef: Refererrce3 and4)
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CHAPTERVII P R OB L E M . S O L V I N G A.
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1. ConcePts: a $rai$rt line which lies in both a, Any two poirns which ar€ comrnon to both planes will daermine planes.and is tlr irierseclion of the two planes. in which a lirc of on'e plane b. A poin! corrunonto tlre two planes is deter.minedby Frnding*re poirt piercestlre secondplane (ocating the piercing poirt of a line on a plarr)' r hi-^ r,r\r.\x MNOP' ddermine ttre Line of 2. Requiremerts: Given two (Iop and Front) views of Plane ABC and Plane Intssection of tlre two Plarns. 3. Procedue: the piercing Poirt' s of Line a. Determine the piccing point, R of Une Mp on Plane ABC; then, locde NO; bcth on tk Front View. S in both views' Une RS b, pr-ojectpoirt. R andpoirn S b tle other vieq and connecl Poirt R to Poiri is tle requned Lirre of Inta-sectionbetweenPlane ABC and Planelv{}{oP. c. By inspection,determirr visibility andshowhidden lines accordingly. (Source: l) Relererrce



Plaac l'lI{0P Plcrclng Planc ABC)



TOP



'i,,'t ';. i 'r''i



BT



FROXT



(,7 M6 92



Br



 B.



l. ConccPts: * f atryplanccutsttrougtrtwo ormorcprallcl plancs,thc linesof intcrscctionmadeby each plancwith thc --- orting plancwill form a sct ofpanllcl lincs; U. ft^rtty plane cuts ttnoughtwo non-parallclplaneswhosc dcfincd bourduics do NOT plmc will, thcmsctvcs'mcd or achrallytouch,thc lincs of intcrscctionmadcby cachplancwith ttt crfiing rrrcrccxtcndcdzuch plancs,if thch boundarics int*r'.t ,tupoint in spaccwhich wouldbc commuto all tkcc ftratttreywill actnllY mect. plancs,thcpointswtrercftc lin91 c. If two or morcprallcl plancscutttroughtwo non-parallcl line commonto both non-parallel of intcrscctionftctwccn thc planci) mcct or intcrscctwrll dcfinca stai$rt intcrscction of plancs, r-----' hcnct, formthch ownlinc PlangABC andPlaneDEtr'in the Top and andnon-touching 2. RequirementGiventwo non-parallel of bottrplancs plancsIF trc bor.nrduics two of thc FrontVicws. Dctcrmincthe imaginarylinc of intcncction aresxtendedsuchthat thc two planeswill mector intcrsect ' 3. Proccdures: a. Draw two parallelcuttingplanes(CP I AND CP2) in cdge,or asa linc, in the Top View. (Thisis a verticalcuttingplane,parallelhorizontalcuuingplancsmay!c drawninstea4if daired). b. Usin!^thcfirst cuttingplanc(CP1), dstsrminsthc linc of intcrsectionbchrcenPlancABC cuttingplane- Draw thesciinesof andCp l; thentrrerne ?r intcrsectionu.t*e.n PlancDEF andthe same ctionasPointo. in the frontview, andlocatctheirpointof interse intcrsection (CP delcrminethe secondset of lincs of interscction planc 2), cutting sccond thi c. Using sctof linesmeet thissccond wherc thePointP locate and asin 3iabove), (sameprocedurc to bothPlaneABC andDEF (thatis, it common P is to Point O d. Thc line coirncctingPoint suchthatit will cut througlrPlane cxtendsd arc if thc bomdaries of PlancDEF formstheirline of interscction), ABC. (Ref: Refererrce3 and 4)
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c. 1. ConcePts: to obbin a viewhat a-To ddcrminc6c angfcbctwccntheline andary pq., i! is ncccssuy vicwoftttcplanc' showsanormalvisw ofthclincan4 atttrcsamctimc,thccdgg threearuiliaryviews;howcvsr,therearstwo rorutiooto tbis problcmrcquires b. dgr;A thatcanbc*utry approaches thcplanc:Edgcvicw - fs-Y* 'Ttlgcvicw' Udr,; ttrcLinc: TL Vicw - PointVicw' TL Vicw 2. Procedure: a-Givcna I ineDE andaPlancABCin twoviews$op gd-Fr9nQ. arxiliaryvicwsto obtainthcnormalvicw of PlancABC. u. conrru.tttc fustandthc sccond Linc DE in rue to Linc.DEwill produce aurliary vicw pcrpendiculu Any vicw projcctcd;;;.th;..ond lcn'gthandplancABCin edgc,in oncvicw' (SoLrrce:Referencel)
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 D. l. ConcePts: s' to bothsurthce is parallel, a.ThcLincof trtcncction(LoD ofnposurfaccs -andggmmon' auiliary an canbc foundby constucting b.Thctlc angtc(or dihedralu.r".." i*o surfaccs in edgc' upp.rrr'ri;;.t", itnd ui.w): or whcrcBOTHstrfaccsappear viewwhcrcintheI-incoflntcrscction BC comm.n GivenplancABCandplancgdo in thcTopandFrontvie*s' andLinc 2. Rcquircmcnt twosurfaccs. hc dihe&al(anglobctwecnthe to bothplanes.Determine 3. hoccdurcs linc of sigltt(Los) a.UsingthcTopvicw ascenftalvicw,drawthc6rstauxiliaryvicw-with aviewof LineBC' a tnrelength graefYobtaining common;b;tl ptanes; to LincBb which-is perpentliculu linc)-in vi#p*.ff.f to thc uuc ttn-gttof Linc BC (common auxifiary b. Drawthesccond in this appear will surfaces orderto obhinthcpoint(cnd)viewof Linc6c- rtt trrc anglcbctwccnttretrruo vicw. @ef; RefererrceI and2)
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DETERMININGTHE SIIORTESTDIITAI.ICEFROMA POINTTOA LINE: fromthcpointto Tte shorte$distrnccfromr pointto alineis thc perpcndiculrdistance l. ConccpC iq, atlcast,drcc Wap. canbc constructcd trc linc. Thispcrpcudicular 2. Procc&trcs: (shownbclow):Construda vicw\dth tF givcnlinc in its tnrc lcngth(first a Rccommcndcd auiliarv view). 11omPointP, drawa pcrpcndiculrPrXrto thclinc. Thispcrpndicularis thc forcshortencd canbe foundby distmccbdrpccnPointp ud LincAB. Thcfruclenghof tris' distancc vicwof thcshortcst tohc LincPr&. arniliaryvicw in a dircctionpcrpcndicular a sccond drawing is truclcngth. pcrpendicular 2aabovcto dctenninc in Proccdurc the PrX of b. By rotation a distance betr,wen the of frrding prXr method c. Another PFIG. to obtaintuc lengft Rotatclinc point linc. this nrthod In md thc bottrttrc pointanda lincis to findttrcnormalview of thcplanecontaining vicw is conshuctc.d thc first armliary thc& ABP; corncctcd to formPlanc arc P Point and AB ihc givcnLinc plutc; thc andin this of a normal vicw showing sccond auxiliary Thequ*n edge. shoiingthc plancin f nue length. to AB is shownin fromP Line distance view,tie perpendicular
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(R.ef:Reference1 and 2)
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to constructa a point to a planc'it is nccessaryonly 1. ConceptTo find the shorte$distanccfrom perpcndiculudistancc pr-0. rnr r.quitio oirt*.r is the th; vicw;f edgc in planc (c!gc ttrc vicw showing fromthc pointto thc cdgcview of trc plme'



:nstruct 2' Proccdure in thcTopview' LincBX suchthatit will appcuin ruc.lengttrthetop view)' sothat ahorizontal tfio* ana'xiliaryviewparallelto LineBXtfi;;i*gtft b. Construct



ABc*t Plane



P1-prp'$i'."1*.1: rromPoinJ P1o1 XIPffX^'ff; tll-'^1'3,'^1:":":'.:i:i l$l#'i:*view a sccondauxiliuv



;;;;;;'fi";ting frompointp io thcptancABC. P;;t d .* U. tocut,i distancc to theedgcviewofPlaneABC' perpendicular (Source:Refererre1)
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 DISTAI.ICE BETTflEEN TWO SKE:WLINES: NTTTRMININGTffi SHORTEST bctweco twoskewlineswill bc a linc wtrichis pcrpendicular to both l. ConccptTheshortc$distancc skcwlines. 2. Mcthods: . is to consfruda vicw showingthccnd(orpoint)vicw a. Oncmdrod of findingthisdistancc perpcndicular cnd from ttrc vicw to ttr otrerlinc. (Shown drawing a linc bclow). of oncof thclincs,and plane whichcontains mcthodis to constucta b. Anottrer oneof tbc lincsandis parallclto the thccdgcvicwoftrc planc@roccdrcII). othcrlinc;andthcrl constructing twoskcwlincscanbefoundb thisParallcl c. Thc*rortestHORUONTALdisanccbctwcen (Procedure in ffsection). H above 2b PlaneMetrod G.



(Source:Referercel)
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 H. A].{D CD -- Parallel PlaneMethod: (With SecondMethod of ObtainingShortestDistanceXY) '



1. ConcePlst



two skew lines is to a- Another way of determiningthe shortest distance bbtween the other linel and then, find. tle consh:ucta plane,which containsone of the lines and is prallel to vie$t line of the plane and the edgeview of that plane. The perpendiculardistancebetweenthe edge othlr skew line wiil be the shortestdistance(XY) betweenthe skew lines' two- skew lirtes' a second b. If it is desiredto fincl the shortestline corurectingthe pluttu and $e h.ue length view of anxiliay view must be drawn to obtaina normal (TS) view of the and cD' The 4pa'ent point dre other skew line, takenin a directionperpendiculmto both lines ng hvo skerv the point.ri"r* of the shortestline (XY) behveentlte of crossingofthe hvo linesrepresents lines. lines can be found c. The shortestHORIZONTAL (or vertical)tine betweentwo skew distance (vertical) by the parallel-pla1emetfiocldescribedabove. The shortest HORZONTAL the horizontal (or vertical) betweentwo skew lines can only be measuredalong a line parallel.to ffre hryo skew lines can be plane. f}Ie lirre GH repesentingthe shortesthorizo*al line connecting plane line of thejirst locatedi' a secondauxiliaryviav projectedpa'allel to the horizontal,"fotnt" the point point Jf ,rorring of the two lines repn'esents auxilia-y vi"rv. ,fhe ap-parent "i"I.o{.d" lines (or vertical) Horizontal lines. skew two the behveen GH line H0RIZONTAL shortest (or fontavprofile) plane connectingskeu,lineswill be truelengthonly in aview wherethe horizontal is in edgeview. 2. ,Procedures: to Line AB' Lines a- Gven hno skew lines AB and CD. Line DE is drawn parallel CD and DE defineaplane containingLineCD andparallelto Line AB. edge' The-shortest b. A f6st auxiliary-viervis dra m'showing the Plane-CDE.in in this viev/' after their distance line Xy and the shortestHORZONTAL line GIi wiil be &envn locationsare established, to project a c. Since ttre shortesthorizontal distanceline is required it is necessaryr apprent point of crgtp secondarxiliary viar parallelto thehorizontal referenceplane (RPl)' Ttt?



A;}ia io in ttresecondarxiliary is the poinl (endjviar of the shortestHoRIzoNTAL ;;i;;, back to the first line GH connectingthe two skewlines. The points G and H can be projected horizontalin.the auxilia-yandthegiven views. The line .o*u"tiog 6rrsetp.o points *uit 1nl9t slopebetweentwo Front and SideVi'ews. By similr procedure,the-shortestline at any required skewedlinescanbe determinedanother d. To find ttreshortestdistanceline betweenSkew Lines AB and CD, &a\'v :of Plane CDE secondauxiliaryvierv in a directionperpendiculr to Line AB a1rd*re edgevie\P AB' in orle of Line therebyobtainingthenormalvierr (TS) of PlaneCDE andttre true lengfhview shortest point of crgssingof Lines AB and CD is trre point (end)view of the view. The appa-ent distanceline betgeentheskewlines.
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pu.allel-plurc Distmces Line XY and Shortest Between TwoSkewLines: Shortest Meftod.ofDetermining Linc GIH ShortcstHorizontal (Sor:rce:Refererne1)
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 GIVEN PLANE (,ABCDE): l. ConcePts: parallclto anytinein a givenplane, ttrd linc will be parallcl u. tf unoutsidcline is consbuctcd to theplane. l lincsareprallel suchthateachof theseconstructcd linesareconsfiucted b. Iftwo intersecting plancthat is ncw a fornr non-parallcllin"esin thc givcnplanc,thc conshuctedlincs will to two corrcsponding puallelto ttrcgivcnplane. 2. Mettrods: a. Usingonlythetwo givenvicws, constructalinc PGthroughPointP andpardlcl to arryline (I-ine AB) in the givenFt*i egCOfl thcn constuct a secondline PH, also pasing ttrouglr Point P and G toPointH to completethenew parallelto a seconJ[neQincBC) in thegivcnplaneABCDE. ConnectPoint PlanePGH,whichis parzllelto PlaneABCDE. This methodis shownbclow. a first atuiliaryview showingthc givcnplane b. Anothcrmethod(notshown)is to construct planePGH in theauxiliaryvierv,asa line (alsoin edge),parallelto ABCDEin edge.Tlren,drawtherequfu'etl the edgeview-ofPlaneABCDE,r,d prrsir,gtlrroughPointP. DesigratePoillt G ard H attywhelein lhe line represJntingthecdgevicw of thenewplanef Cn no3cctPoinlsG andH to the givenviews. (F-ef:F-efererrce 4)
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DRAVING A PLANEPRPEI{DISULAE To A p:rvENELANE:{Ncw}



l. Conccpts: &. A line drawnpcrpcndicttluto a givcnplmc will bc pcrpcndiculrto wcry linc in ilrat givcnplanc.Hcncc,if intwo adjaccntvicws lhclincis &acmpcrpcndiculrto two NoN-puallcltuc lcngttr to 0tcgivcnplanc. lincsof thcplanc,thd linc will bc pcrpendicular b. Iftwo diffcrcntlincsarc&awnin trrrclcng& (onccachin two adjaccot vicws),bothlincs passing throug!a commonpointin sPale,andmadeperpendiculuto alinein a Wctr plane(notncccssanlly in tuc lcng$r),ancwplancdcfrrcdby thctwo constudcdlincsis pcrpcndicular to ttrcgivcnplanc. to two NON-parallcl (mtcnccting)LincsA andB in a c.If Linc I is drawupcrpcndicular to LinesA md B or arrytwo NONgivenplane;andLine2, parallelto Line1, is drarn alsopcrpendicular planc planc, dcfincd parallcl a ncw by thc same thc LincsI and2 will bc pcrpcndiculu parallel lincsin to trc LincsA andB. givcnplanccontaining ABCandPoitttPin two adjaccntvicws. 2. RcquircmcntGivenPlane UshgConccpt la above, toPlancABC. NOPpcrpcndicular conskuctPlane 3. Procedurcs: a. DrawncwLineBX suchthatit will appear tue lengthin theTopView FromPointP, to, andintcncctingLincBX atPointO. PrqjcctPoint OtothcFrontView. drawLincPOperpcndicular b. DrawLineBY sudrttnt it will appeartuc length(IT-)in theFrontView FromPointP to Line BY intersccting the vcrticalprojcctionof PointO fromtlreTop also,drawLinePO pcrpendicular Vicw. PointN anywhacin ryace(for cxamplc, c. Designatc arqmtlcrcalongthchorizontal Line andprojcctPointNtotheFrontView. Whcretrc projcction of LineN intersccts BY orits cxtcnsion), thc truelengthLinc BY in theFrontVicw, c$ablishPointNF. P, O, andN in bothviewsto establish d. ConnectPoints PlancNOP /"x
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1. Concepts: a. Intcrscctions bctwccna plancand a solid utilizcs thc advancedapplicationof ttrebasic conccptsuscdin dctcrmining thflclcing Pointsmadeby the cdgcsof trc planc on thi'planc surfacesof thc Solid' TheLine oflntersedion(LoD is thelinc .onn..ting pierclngpointson the sameplancstufacc. b' A morc^advanccd applicationof ttrc iicrcinf-ioint and tiirc-of-intcrscctionconcepts involvesthc detennination of thelinc of in&rscctionbctweendrcpianesurfaccsoftwo intcrsectingsolids. ?. Rcquircrnent Givcn thc Front Vicw and ttrc Right-Sidc View showing planc pllr{ e picrcingryramid ABCDE,or the othcrway around iocatcthe six picrcingpointr andthe four $::*Pl,!t) Imes-ot-rntersection between ttreplaneandthcplramid 3. Procedure: a' Using an edge(oneedgcat a time) of PlanePLM Q in the Front View (so thd the piercingpoitttscanbe d^eterminert in ne nignt-SidcView), determfure the locationof tre first four piercing pointson thesufaces tt. pyramid.Placithe cuttingpi*.r ontyutongcdgeswlrich scemto cul at lcast, .oj threeedgesof the solid- htrt, procedure, LinePL i! usedfirst as thJcutting planein edgeview; thus, obtaining piercingpointson surflaiesBCDEandABE ortncpyramia. b. UsingLinc QM ncxl piercingpointson s'urfaccs andACD arelocated. BCDE (second) c. By go.nstucting an auxitiaryview whereinPlanePLM Q is in edge,all other possible piercingpointsmadeby Lines pr and QM onrframiO ABCDE canbe locatcd. Sincciine s pe andLM do notintersect atleasttlree edgcsof thepyramid, ihesclinesdogElpiercethe plramid. d. Lines'of-Iderscction ktrrecnPlanePI-lvI Q i"A tf" plnu*iO ABCDE canbc dra*n by connecting all picrcingpointsin thc samesurfaces.
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ANDA SOLID(Continuation): LINE OFII.ITERSECTIONBEI!ilIEENAPI,ANE
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CONSTRUCTIONOF A PLANE PERPENDICULARTO A LINE IVHICH PIERCES THE PLA}IE SOMEWHEREIN THE MDDLE



A Requirement: l. Btablish PlaneABCDEFrontView, fom givenTop Vierv, suchthat Line GH theplane. will beperpendicularto 2. Determinepoint in PlaneABCDE whereLine GH pierces. 3. Complete botr viewsshowingcorrectvisibilityofline GH. B. Given: l. PlaneABCDEin theTop View. 2. PointA ofPlaneABCDE;andEndpointsG andH ofline GH in theFrontView. C. Procedures: to the l. Draw LirreA-l so thatit will appetrbue length(TL) and perpendicula' givenLine GH in the Top Vierv. Line A-l is thereforehorizontalin the Front View being constructed. 2. SinceSideAB is horizontal in theTop Vierv(andthereforepa-allelto thefrontal plane),it canbe&arvnperpendicular to Line GH in theFrontView. 3. DraurthesecondimaginaryLine B-2 sothatit will apea. hue lengthandparallel to LineA-1 in theTop View;hence,it mustbe horizontalin tre FrontView andpa-allelto LineA-l aJso. 4. ProjectPoint I (fromProcedure l) andPoint2 verticallydownto theFrontView. Then,connectthe hvo pointsextending this line in both directionsbeyondthesepointsso as to intersect theverticalpojectionsof PointC andPointD fiom the Top View. ConnectPointB to PointC. S.a)Since SideDE (in the Top View) is prallel to Line A-1 and Line B-2 (and pergrndicularto Line GH also),it mustbe bue lengthin this (Top) vievq and it mustthereforebe drarn horizontallyfromPointD in tre FrontView. s.b)OR:- Draw thethird imaginaryLine C-3 horizontallyin the Top View. When projecteddowmvardto theFrontView, it mustappearhue lengthand perpendicula'to Line G[I. Connect PointD to Point3 extending this lineto PointE 6. ConnectPointE to PointA vatically in orderto completePlaneABCDE which is nowperpendicularto Line GIL 7. To locatetheloint atwhichLineGH piercesPlane ABCDE, passa cuftingplane in theTop View suchthatits (cutingplane's)edgeview coincideswith Line GII 8. Projectthe intersections of the cuttingplanervith Side BC (Point Y) andw'ith SideDE @ointX) to theFrontView. 9. ConnectPointX wi& PointY in ffreFrontView; and whereLine X-Y intersects (Point Line GH P), ftat intersection is tre PiercingPointofline GH on PlaneABCDE. 10. Line GH piercesPlane ABCDE from bottom-left to top-riglrt for proper visibility, thereforgLine GPwill be firlly visible in the Front View. Line PH will be cornpletely visiblein theTop Via,v.
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Ll. GIVEN:



l. PtaneABCDEurllinc G'HintrcTopVtcw' ltontVicw' ;: i,.irtA of?lancAgtogmdEn@oirtsGandHintrc
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PLANEPERPENDICIILAR TO A LINE



('Conf\:



GII will bc ABCDE Frontvicw suchttratLinc EstablishPlanc 1. REQIIIREMENT:



. fTgiTlT':1$lliliBcDE Dctcrminc 2. Pomtm



LincGrrpicrccs' whcrc



1 - 4: Steps
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\
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B. Stqps4 - 7:
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PI-ANE PERPENDICIILARTO A LINE (Confd): Steps7 - 9:
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AP PEND IX A letterings e Goth ic Engineering Single-Strok (Source:Refererre5, Chapter4)



LcttcringsBcforcthcInvcntionofhinting: printcrs bycutyGcrman l. OldEnglishLcttcn -- Alsoadoptcd -replaccd Old Eoglish cady Italians and by Uscd LetErs Roman 2. -to asOldEnglish printcd rcfcrrcd tcxtbooks but inconccfiy in Use 3. Gothicl*ttcn ModcrnLcttcrings: Gotric (or modem)Gottric- AlsocallcdSans-Scrif t. Commcrcial -with lcgiblestyle;cottldbe executed and most (or Gothic Plainest En'gineering) Z. Singfc-Shoke serif' singlestrokesof ordinarypen;also"sans



ry.



in AchievingGoodLcttcring: Techniques l. Lcttcringis frcc-hand&awing not lcttcrouitingnor wih thc usc of sfaight cdgcsor special ins&uments. 2. The sixbasicstrokesarefirndamcrtalto lettaing effortto improvcandnEvcrby adomatic by conscious 3. Goodlctteringis alwaysaccomplishcd muscularmovements 4. The ability to make good letteringhas little relationshipto onds rwiting abilitg excellent lettcrersarcoftenpoorwrite6



v.



of Engineering Lettering: Standardization 1. Both Vertical and Inclined lettersare standart but Vcrticd leucrsare morelcgible althoug! hardcrto make. Z. If givcn frcc droicc, urly onc stylc (cithcrrrcrticalor inclincd)shouldappcu in auy drawing for goodlcttcring: 3- Guidelinesareabsolutelycssential to rcgulatethc hei$t oflcttcn. arcneccssary guidclines horizontal a) Ligfit guidelincs (or arc ncedcdto kccp thc lcftcrsuniforintyvcrtical inclincd) b) U$t vcrtical (or incltuted). rmrstbc madcfor crrorsin pcrccptions,or optical OpticalIllusionsin Lcttcring: Someallowanccs illusions. l. Thc width ofthc stmdardlettcrHis normallymadclcssthanits hci$rt to ctiminatca squarc(or squat)Elpearanca Z. firc numiral 8 is madenaflowcr at thc top half to gve it an appcaratrcof sability. This is also huc for C, G, B, K s, X 7-2,3, and5; andalsothclcttcrE the acute 3. T1e width ofthe letterW in conbutto lcttcrH, is madegrcatcrthanitshcightbecause appcararrce. anglcsof W gjvesit a compresscd



A1



 H-a13placeclat the exactmidofthe lettersB, E, F 4. If thehorizontal(cenhalj*ot "ttq ", ttus, the shokes height,thesewill apper to be below centerdueio optical illtnions; shouldbe drawnabovethecenter. V[ '



vm



IK



X.



for CapitalLettersandNumerals Guidelines splce betweenlinesof 1. In workingrhawings,capitalleters tre commonly1/8" highrvith letteringfrom 3/5 to thefutl heightof thelefrers thatis, backgroundareasof ry Fpu::t 2. Lefierswithin aword *u rp"riby eyeestimate; ae NoT usedto betweenthe lettersshouldUt uppo*i*ately equal Verticalguidelines sP4cetheletters. to are usedonly as a part of a leftergrid, in order 3. Vertical(andinclined)guidelines . establishthewidth of letters' (6) unitshigh: VerticalCapitall.ettersandNumerals.Usinga lettergrid that is six I-etter! andthenumeralI havbNO widthl,etterW is 8 unitswide(l-1/3 timesib height)' letersinTOM O-YAXYare6 unit-rvideletters All othercapitallettersandnumeralsre 5 unitswide' T' V' W' aseitherstaight-1in,lrtto, (A q F, H,I, L, M, N, K The lettersre classified (B, C, D, G,J,O, P, 9,.-R,1,U)' letters \Y,Z),or curve&line lettersB' D' P' of side right tltt *iilt .i*it, g; rot tiru on b"5g; and Letterso, e, C andR aresemi-circles while the lower pa-t of tite The lower portiols of lettersJ and U are segri-ellipses; numeral! is ellipticalin shaPe. which is composed The numerals2 and3, andthe le6er S, arealt basedon the fig,n" E of a smallproneellipseontop of alargerFone ellipse'The numeralsf and! re basedon the ellipticalO (zero)' WholeNumbersandFractions: wholenumbers.. 1. Fractionsre twicetheheigbtofthe corresponding numberin order ;,. firr r"r"r."tor md the denominatorshouldbe 3/i r hrdt ts the whole ttremand&e faction br' to allow cler spacebetween is y4"' 3. Most commonlyusej heightfor wholenumbersis V8", andfor.fractions Guidelinesfor Lower-Caselrtters: horizontalguidelines"s follows: l. Lower-caselesersshouldhave0ree a four ba.sic a) CapLine - Top limit for the ascenders b) Waist Line - Top limit for normalletters c) BaseLine- Lowerlimit for normalletters (normallyemined; d) Drop Line - Iowerlimitfor descenders



f,o13al



AsccDderg



Ilegccnders



IA I



 \



b' ( t b'L-t mdt 2. Thcrcarc7 asccndcrlcttcrs: thcirtails&op bclowthcbascline: & j, bccausc j 1:. ifr.* '" lowcr+asclcttcrscrllcddcsccndcrs p, q,andy. in a.lcttoertq may 4. Tniilt.ibdwccnwaistlinc andBasclincG+rydcnttgpoutforluntu q bdwccnthcvaist Linc, varyfrom3/5to 26'ofth. qp.o bdwccnfrccairinc andthcBasc Lins andthcDroPLinc' Lcters: Lower-Casc ' Vcrtical of thccirclc'ttp circulu8rq or onarcpctition to*cr-casclcttcrsrc bascd orurJ.rr ,rr"po i. il; tt r ttraiittt linc, wittr somcminorvariations' wuiri rior andBaseLine)is ruuarg2R theheightof thc capiral z. The cen'al prrt {bii;; Lcttcrs. 3. nascdona gridE unitshidr (Capf'!c toDropLinc): a) Lcuersi and! haveNOYdft: Ul Lcttcrsw andm arc6 uniJswi.dc' .j Lettersj, 1,and! ue 2 unitswidetfis3 rnits)' lettcrsarc4 trnitswide' O All othir lower-case lxscn): spacingof Lcttcrsandwords (wi*r capitalandLower'casc the betrryeen areas, or background spaces, equalizing of oratt.t a lettersis l. unifonnityin spacing



)(t



)il.



letcrs by e,ve.



z. ffiialtil;d



,_ r-4__ should cqual lcttcn_r-^,.trbcapproximatcty betwcen Nor trc dis.tgccs, arcas,



(Poor 'Spac-tng)



(Gooa Spaclng



of lettets,suchas:LTandVA, nuy be givena sliglrtoverlapto securegood Somecombinations spacing.



4. The widttr of a lettcr may bc dccrcased, followedby the CapitalI-ctterA'



L whcnit



equalto a capitalQ, Thc spacesbetweanwortlsareapproximatcly



)iltr.



)cv.



3/5to thefirllheightof capitallcuers' is normallyabout bctrreenlincsof letterings 6. Theqpace D(CE?T that all aspects InclinedLrtterings.InclinedI-ettersareidcnticalto verticalLetcrs in 5 unitsof cvery for forward thcirvertiearg,rLr?ii*r-uriin.tin.o'fonrard68.2dcgrcei,or 2 uoits hcight Lctters'andNumcrals' of singlc-stokcGothicvcrticalcapitalI*tcrs,Lowcr-case construction (ShownNextPagc)



 AP PEND IX B DIMENSIONING (Source:Refereme5' ChaPtrrl3)



sizcDc$cription: a1obll:ct,a drawingmustalsogivc a complctc SHAPEdcsaiption-of ln additionto a-complctc so that production bc dimensioned Drawings-must trrat"i; i ilillTai,n"ntion.io. sIZE descriptiory whcn propcrty asscmbrcd, or when frt wi' parts th-a! mating can_make in witrety,rp.r.t.o praces personnel should condition and complctcd its parts. rhc drawingshouldsh6wthc objcctin usedas replacemcnt give Do not dimcnsions objecl to its finalcompleted utini"trr.drawing iilffiJ;;to containaltneccssary or sho'ld not bc dupricatcd Dimcnsions workcr. tfri to to pointsor surfaccsthat arc not acccssibtc andinspcctthcpartcxactly bc givcnthatarcnccdcdto producc o"rv th;;'diln.ion, shourd nrocrftuous. bYthcdesigrrer' asintended ' LinesUsedin Dimensior-ring: 2. - . duk' solid --r:r r:-^ r--!. the by urowheads'whichindicates line terminated a. A DimerxionLine is a thin' linc is brokcn(usuar$ncarthe machincdrawingthc.dimcnsion directionandextcntfiu oi*.orioo. In Oi**tion numtial Thedimension linencarestthc objcctoutlinc middle)to provide*;pfi;;; f:^f: away.A' otherpara'eldimension linessho'ld be at least6mm shouldbe spaced"t i.r!, r'inm (3ain) (Ftg.I) (1/4in)aPart. -ii* b.AnExtcnsionlineisathin,dark,solidlinethat."extends'fromapointonthedrawingtow cases exceptin speciar rinesat rightangres, dirn.nrionrinemeetsttrcextcnsion '..rrr, trredimension join objcct line the wo,ld cxtcnsion thc wherc (l/6;) should 9:.!:t shonnbclow.a grp ,i ru*t 1.5mm (Fig'tr) arrowhcadabout3mm(r/8in)bryondthcoutermost lr,itia cxtcnsifn"t'#rrr""rJ rhc . ourline is usedto short dastret ard and long of altematc c. A centerLineis a thin, darkline .o*potid as extension common$ are used lines part-sanO,todenoticentersCenter axesof *;r*.il represent ovcrotherlincsof circularfeaturcs.whcn soused,thecentcrlinc crosscs linesin locatinglr"l;;;J;Gi endin a longdashwiurouiiulr. a ..nt.t lineshouldalwrys thedrawing



1.



*^ f( r.s e"r I



I



/V*



/\ \



A*puo



\e"fe,,s



T:"'



Drnerrstan Line



| . head ion



c " ^ t e . l ' , n e U c e . {q s E_xfcxsic..n Li,.c



i



L i ne



FIGUREI 'DimensionTechniques



BI



 in SpccialCascs FIGUREtr - Dimcnsioning iDincnglon



F-



to Vlsibla



Llnes



r_3



| 6to 4P-L



(l^)



cood



FIGUREIII -Placemcntof DimensionandErtcnsionLincs



FICUREW



(r) trrooe



(z) urons



( !) corrrct



(lu)



Poor



( 4) wr ons



FJ Lincs HGUREiltB ' Crossing



- GrouPed Dimcnsions



( t) Cornct



( t) Rigbt.



r-ft



frI



( z ) vrone



(z)



--l



t{roqg



# 92



i



l.



-lt+ r-F



n-



 I



PimensionFi8ures: AppendixA setin tre precediqg a Dimensionlefrersandnumeralsfollon,thestandards figuresinto limited spaces. dimension b. Irgibility shouldneverbe sacrilicedby crorrding^ metrodcanbeusedasshownin FigrreV below. Fo, ,*ry *ri ptoUtil, _apractical line andarrowhead (i) a"a tz) - rrtri.is enoughspacefor dimension thenumerals;rrorptreadsareoutside iii - rt *r is room only for andfigrres areplacedoutside ici- notr, arrowheads for differentprob!9msiSi*a (6) Ottrermethods but breakthe line if this c. Never rru"i udimensionfigure ove ary line of the draruing, aea,ifpossible.(Fig.vI) plurc dimension figuresoutsideasectioned necessary. becomes shouldbe staggered,and not d. tn , group of parallel dimensionlines, the numerals stackedup oneover the other' (Fig; Vtr)
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DirectionsofDimensionFigures: are sr'/ail$le,the prefened Trvo systemsof readingdirectionof dimensionfigures / UNIDIRECTIONAL systemandthe ALIGNEDsystem' horizontallyon all dimeniionfiguresandnotesarelettered a hr theunidiiectionalSystem, thedrarvingsheet,andarereadfrom thebottomof thedrawing linesso that figues arealignedwith thedimension b. In theel,g,rlsvrirnl ar dimension in thissystemshouldgo! run in the theymayreadfrom [r, rigrit sicleof ttresheel Dimensionlines includedin theshadedportion' (Hg VtrI) directions
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Anqles: Dimensioning by meansof an angleanda lineardimension'or by Angles* di*.nrioned, preferably, a riglrthiangle. The coordinatedimension nleansof coordin*".Jirororions'ofthe two legsof of accuacy'(Fig IX), nrethodis moresuitableforwor* requiringahighdegree the horizontal,whereasbafier is the rvith angle the In civil engineerring,slopeiepresients makingonememberof the ratio equalto anglereferreato r,Jithth. ""*icJ. Both areex.pressedby ofriw per100feetof nrnin percentage l=GG is similrto slopebut is expressed are madeby giving the rdio of "nm" to In structurJ Or*"ingr, *gultt measurements theserigtrthianglesbeingreferredto asbevels' ,,rise,,, r*ith thetrrge.A*tniion Ueing12inches;
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Arcs: Dimensionine is dimensionedin the vie\ t in qftich its bue shapeis shownby giving the arc d; rit A numeraldenotingits radiusprecededby 0re lefrerR The centersmay be indicatedby srnall shouldnot be shown radii. Crosses to clari$' the dra*ing, but not for smallor unirnportant crosses arcs. (Fig. X). Fon long radius,when the center{alls outsi& the avail$le for undimensioned space,the dimensionline is dram towrd the center;but a false centermaybe indicatedandttre to iL line'Jogged" dimension 6.



(Fig.)fl) VariousShapes: Dimensioninq of the by grvingtheheight,widttr,anddisplacement a- e n'iangularprismis dimensioned top edgein thefront view, andthe depthin thetopview by givingthe heightin thefrontview, andthe pyramidis dimensioned b. A rectangular of thevertexin thetopview. of thebaseandthecentering climensions of thebasein the biangular by givingits altitudeanddiameter c. A coneis dimensioned angleandthe diameterof giving vgrtical. the by view. A frustumof a conemaybe dimensioned of bothendsin the Aont oneofthe bases.Anothermethodis to givethelengh andthediameters vierv.
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CylindersandHoles: Dimensioning 1'frr;ght circula' cylinderis thenextmostcommongeomekicshapeto prisms,and is " seenas a shaftor ahole. Thegeneralmethodof dimensioning a cylinderis to give both commonly view. andits lengthin therectangular its diameter exceptin in the circularview is not recommended diameter b. The use of a diagonal on the same diameters diagonal is gainedthereby.Theuseof several specialcaseswhenclearness centeris definitelYconftsingtools,aredesignedto c. 11, ladius of a cylindershouldneverbe givensincemeasuring checkdiameters. by meansof notesspecifyingthe d. Small cylindricalholes are usuallydimensioned operations ryecifications. andthedepth,with or withoutmanufacturing diameter
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FTGURE)OI - Dimersioning Cylinders
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APPENDD(C



Refs1 and (REFERENCE:



AA 5): BASIC TA}{GENCIES:



or Arc ( Shown in Chap II )' A Line Tangent t'o ooe Circle lmpea:Y in thsl !Ic' ccrrler & a spccifiedgoint of de6ned a wirh Arc Givsr: r. b.Giverr:Arcwitbadefineil-.",*,4"b;ntNdr-,the.dcthroug!wbich|be|iremustpsss' ( Shown in Cbap tr )' A Iine Tangeiio to'o CL"Ls poin6 of taogeacy are on tbe same drct"s wrth dehrei centcs, & lbe required separate Two Given: r. side of the two circles' of tsngen.:y sfe on lhe with &fmed ceilte's' & the requircd points b. Givg.o: Two sepsra|e circlcs tr r' 'iao oft" two circles ( Shown in Chap )' "PP"tL



i.



2.



3' *



T "t#:



H-"Tl.f,il1Hti*



arc( show:n radirsof therequired & rhespccifie.r pointof uogency,



in ChmII ). b . G i * " . . # " & t h e & f i n e d c e r r t e r o f l h e r e q u i r e d a r cthe .. of tbe r*'hich arc mustpass,& the specifiedradirr c. Given: Line, a point Nor "" ;;;;,hugh requhederc (Ithrstrated)'.which tbe arc point of targeocy,& a point NoT on the lile ttroQ$ d. Girno: Line wilb the sP€cified must Pass( Shown in ChaPtr )' aootherAtc' An Arc with Spsified RadiusTmgenr.to in the g*i i: ' tengency of point specified e t- Ai"it rberequiredrc rnrst pass( Ilhsttated )' m ffi'rL-rhnoulh which b. Giveo: A point Nor on



-r 4.



*



5'



o:



b. c.



"';il::



orthe to eachorher,& the specific,Jradius( lergeor small)



iT:t:ffi:#-eodicurar



tbe specifiedradirs eilher an rcureor obtuserrrgfewilh eachotber,& -:yr:[tih HH:t#: of the requiredarc ( Illustrated)' ["es wkch areparalld to eachother' ci";;;T*"



to two Circlesor Arcs' An Arc with SP€cifiedRadiusTangent rhst rrust be both outsidetbe req.ired rc. d.1* ,_ arc. circhs rhd tmtstbe bothIrrsidetherequired Gt*". i;;;;"iL" b. "d;;;"r; is ortside' the iequired arc olber th" *l'r" is Inside, one c. Givcn: Two separate.i".;;; rbarrherquired arc is ourside rhe inner, bui arcs or circles,.oneirsi& the orher,such d. tTsH] Insi& the outer (Illuslral'ed)' Taoeenttoo Line '&aa Al,c(ot Circle )' 7. Al arc or circle wiih Specifiedf'alius Gc givm arc' (Illuskated)' ortsidc is rrc R"qitta . ail;t (Illustrated)' "b . Gi;t ii"q"t"a arc is Insidethe givenrc



6.



D. .ADVANCED TANGENCIES: l.



Trogentto two Lines'^ ' rrcs Two Arcs forming a CortimrousCurve tp".aed on ge of tle lines"radi of tbe required p"in,Ti*g*.y lines, ,. Giverr: Trvo perallel " eachof rhelincs,rd rry desiredpoint of parallellines, ? ryi"r "f gcTq T5ffid on b. ffiI+*, ilusu'ire{r., in8ecti'onbetweeothe requiredercs ( c.Given:Twonon-prrallellioes,apointoflangcncyoneacbof|helines,arrdaspccifiedradiusforlhe dJof O" two requiredrcs ( Iltustrated)'



.2.TrvoArcsfonningaCootinuorsCurveTaogcntt,o.ibfeeln&fs€ctingLines(Illuska'ed).



c1



 3.



Tracing ro Inegutar Curw with e Seriesof Tangent Arcs, lbe zucceedingArc tangentto lhe precedingone ( Ilhrsbrrcd).



1.



A Line Trngen{to a Ellipse r. Given: Point of targsrrsyoo tbe ellipse ( Illustalcd ). b. Given: A point NOT on tbe ellipoetbroug! which lbe requhedtangeotline rmst pass. A linc Tmgent to a Parabole" A liae Tangentto a $perbole



5. 6.



BB. OTHER TANGENCY-BASEDCONSTRUCTIONS(REFERENCE:Refs2 &,5): DRAWING ISOMETRIC ELLIPSES



B.



1.



True LsomekicEllipse



2.



OrtrFour-CentcrBllipse



3.



App,roximate Four-CenterEllipse( Illu:rratd )



4.



AlternateFour-Center Ellipse



DRAW]NG INVOLUTES l.



Involul,e of a Line ( Illushaled )



?.



Irwolute of e Triangle



3.



lnvohrte ofa Square



4.



Irwohrte of a Circle



C . CONTSTRUCTIONOF THE SPIRALOF ARCHIMEDES ( ILLUSTRATED ) CC. LLUSTRATIVE TANGENCYCONSTRUCTIONS( SOURCES:Refs2 & 5 ):



I



A.
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A.CirclewithRadiusRpassingthroughPointPdndTangenttoLincAB(ScctionAAA3c): to thcRadiusR' fromLrle,AB.equal 1 . DrawLine EE parallelto LineAB ata distance Linc EE at Point intersccts an8Icsuchthatit 2. using poinip Jt ."nt"r, andRadiusR. draw O. a !- --r-t^ a^+, o' h orderto dctcrmine passing Linc oI q Li*-AB foint Radius draw the 3 . Drawa perpendicular -Ilsing'Poiniothrcugh & as ienter,and the point of uneily _"it"tlt X..



t"quit l circle through PointsP andX'



I



I



I ^-{ -t\ I



o I - AB with RadiusRl' and passingthroughPoint P B. Circle with Ra.diusR Thngentto Arc which is NOT in the Arc ( AAA'4b ): & a radiusR2 = Rt -Rrdraw Arc ol cD in 1 . using point ol of the givenarcasdenbr, the vicinitYof Point P' 2.Usingpoi'tp*cetlter'arrdRadiusR.drawanotherArcP-FGintersectingArcol.CD atPointo.CorurectPointsoandol-inordertolocatethepoin]o|unglncyatPointT.. again' draw the requiredcircle passingillrough 3. Using p;;t o ; centgr, ano n'adiusR PointsP andT.



ol I



oX
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 ! I



AAA'5A ): c . CIRCIE WTIH RADruS R TANGENTTO PERPENDICLII-ARLINES AB & BC( AB at Point Tl end Line IIC f . Urirts the in{ersectiotrpoint B r cerrler,and Radiusir, &aw an erc cutting Lire rt pJint tZ. PointsT1 ud T2 arethepointsof tangencyof lhe requircd circte' the fivo lines' From Poitt T2' and 2 . From Point Tl, andrsing Radius& &tw ; ;t i"ib" iua&ant fotmea by O' Paint tt rsing rtso R.rdiusR' &; e thhd arc intcrsecthgthe secon{arc Point Tl and T2' 3 . Ushg Point O asceats, urd RadiusR, draw fhlrequircd circle passirrglluough



CD: D. CIRCLE WT[I{ RADIUS R TA}IGENT TO TWO NON-PARALI-EL LINES AB AND I . Draw Line EE parelld'to Une AB at a distanceequelto R-ediusPLine EE at Point O' 2 . UsinSalso a distanceequslto R, &aw eaotherf,ir" CrCp-"n"I b li""-gD intssect;'g T2' end Point T1 sl Point CD q drew perpedbulrrlinesto Line AB md Line frd'foir,t passingtbrougb points of trogeacy T1 aadT2' 3 . wih pofu,lO agccote


c4



t



 t



)



TO CIRCLE01 WITTIRADIUS RI AND TO CIRCLE 02 E . ARC WITII RADIUS R TANGENT or n oursIDETIIEARc wHILEcIRcLE02 Is



wm{ RADrusRr:wrrERE.cIRcLE nqsog TI{E ARC ( AA'\6C ):



ofcirclc theceoter Froat !f' 4"'*:



11:1.*'*f :i1i:Pl;H' i, ff :ffi3:ffi-;:.;;'g: I'' . IIH it; *,'e.:l :3;P.trstr of points 02,toloc're$c *l'.; pJ"o Pointo Ed o -a oi,--J*t'"- "*sl.*^" lflHff;;;ttl'b.*.* t-g*.Y



at Tl nd T2'



ff?it$,;;;;[,



throug! PointsTl aodT2' arcpassing od RrdirsR, &awthereqriired



02 R TA}iGENT TO ARCOi 'RB \folTH RADruS Rl AND ARC I. CIRCI-EWITH RADruS (AAA'6D): RADruJnz, wrrnng ARcol RBIs blSiDEARC02 CD



CD\!TrH 1



z.



- RB sd using a ndius 51 = tr1P'1, &aw'as arc betq'eeo tbe two given rcs' From point 01 of Arc Of draw aaorfter arc irrlersectingtbe firstSi =ni-e' aoa"ti"gaslius FromPoint 02 of Arc 02'CD conskucted arc at Point O' o toPoint rly rt"l the line io therc ! in orderl'olocale connectpoinr o to Point01, -1Po4 tmgency. 02 t es ce''tce The req&ed circle can I'e &awo 'sing Point O pohts of T2, th" d*i"i ffi;;i;; T1 atd T2' aad passirrgthrouglr Pohrts
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' OF ARC OI G. CIRCLE w/ RADIUS R TANGENT TO A LINE RB AND TO THE OUTSIDE



Rl (AAA7A): cD WTTHRADIUS using Poinr ol as cmlcr' 1 . Using a rlistace equaltot he radius& itrew Line GM prallel lo Line RB- Tben' O' :od i'radius S = R + Rl, draw m arcintcrsectingLinc GM at Point l Point o with 2. From point o &op a perpendiculrrlioe oT 0o Line RB intersc.cting19 "lP."i"tl. 9:-*t lhe pints of are poilt Tl and ? tr- Points poi't ol, ald this conncctingline mlll intes€ct Arc Or - cD El ?,



tarrge{cy of lhe requiral Cirde. T aod Tl' Using Point O as center' and Rrdius R' draw lbe required chcle passing tbmugh Points t?l
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' R'TANGENTTO LINERB AND TO TI{E INSIDEOFARC01 CD CIRCLEW'MHRADIUS wm{RADruS Rl (AAA.7B): S1 = R1 - & and 1 . Usinga distanceequalto R8dius& &aw Line GM pr,allel ro Line RB. Then' using a radirx Point01 ascealer;drae aa archtersectingLine GM stPoint O. a perpardiculr 2 . col8ect point o with point c)1, aodexreodto cD, to lo"rt" point of irrgeocy Tr-; therr &op T. el Poid lioe tbat line OT fron Point O 0oLine RB int rsectiry T md T1' 3 . Usingpoinl O ascerter, aodRadinsR, &"Jrhe requiredCirctepassrngtbrough tdgeacy Point
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 TWOARCSFORMINGA CONTINUOUSC.URVETANGENTTO TWOPARALLELLINES RBAND GMAT POINTSB AND G -Ar{ OGEECURVE(dAA'lB ): thir line to bc the inllection 1 . Cmrect poinq B md G with e straiglt lbc; md sdcct uy poinl T uywhere ttorr8 point ( poinf of t8ogcocy) of the two ycs to be coodnrted' pcqPeo{culeto Unc lB tl Point B, 2 . Corshuct p"r".t4i.rt ;6bcrc{ors to tir}ca BT ed TO. Thca, coostuct e the perpeodiculartriscctorsd q intersect perpendiculm lhese rt Point so that GM to Line perpuodi"ular 'd a PointsO srdP. T; th"C using 3 . Ur.g point O as certer of the Frt pat of the curve,&ew ihe first arc fiom Point B to Point poinip as cetrt€tr,&aw the secbnderc from Point T to Point G'



rY
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TWO ARCS, ONE WITH R,A.DruSR- FORMING A CONTii\TJOUSCURVE TA].IGENT TO _ T\,VONON-PARALLEL LINES RB AND GM AT POINTS B A}iD G A}'I OGEE CURVE: ( AAA.lc ) LocetB Point O 1 . Construct a perpen,Jicular to Line RB at PointB; aad a petpendicular to Line Glv{ 8t Point G. 3t a distrnceeqrnl to lfadius R along the perpendicular to Line RB' s lire between Z . I-acale point X along the perpendicular of Lhe Glvl at a distance equal also to Radi$ R Draw point X and point b; -,d construct a perp€ldicubr bisector b rhi. line. This bbector *ill ifltsrsecl tbe perpeodicular of Line GM at Point P' and Radius & from Point B 3. Connect point O to Poht P; &aw the firs{ Arc, using Poht O as centtr ac ceot€( and irrtersectingLine PO at Point T, the inllectjon point Thc second,1rc can be &awn using Point P Cj' to Poirt PT as radius, from Point'I
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 I''-2' ANf) CIJRVE TANGENT TO TI{REE LINES TWO ARCS FORIVTINGACONTTNUOUS



B ANDG(AA'B'2): i nftensrcTlltlcATPoINTS



on Line I such that point of the-desiredcurw' I-ocate'PgintR inlhc6on the be 21o in Line T point ury select -1 .' = TG' RIJ = BT; adlocate l'oint M on line 3 su& thd GM 3 through Point N't' p*in' ; Ut" 2 Or-ougtrPoint T' and to' Line 2. Dratva perpendicularlo Line I througtr of tt'"'" p"tp*At"U* PointsO andP' Designaierf," iti"**'tt* &mr Point R to fhe first half of the reguired Curve til 3 . Uring Point O Escenter,rnd radi's "q"d;Oi, lvi t"a;us ; draw Ge secondarc from T to t;;tt, -i rr Point T; -d *i;;;;'P; "t



USING A S E R I E S ( 9 ) O F S H O R T TRACING AN IRREGIII.AR CIIRVE ROBINMBERT TANGENTARCS(AA.B.3):



has a close fit 1o a lo locatc the centcr of m arc lhat 1 . By trirl aod etrof, l)se arcs of diffe*nt radius aod cenler e lbe l 'O fiom Drew 1. Point closest-&ting sfc as portion of the.*,r", ,*6 as RO. lvlaiti the ceater.of tbe PointItoPointo' ., ,:,- r-^^r-.r^^-r-^frha,*rt nqentscwhichmalestbedosestfitto ccntct of tbe rerd taoger 2 . Using finc t - O, exLod.4 as thc goi&, locate the pl,i* ;. D.*, a line 2 '-B fiom Point 2 to Point B' ," Mr*,-this tbe OB pclim of &e c'^rc. lhe scrne "* locate Center Point 3' RcPest *"* 3. UsinS L,i'c 2 - B as the basis, rtd lhe ssre ;;; proce&rcs uP to Point 9.
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LII.{ETAI.IC,ENTTO A}I ELLIpSE"w FOCIAT F AND F" AT POINTT( AA3'aA ): do{b.r Linc F'T cooccliry FocusF' tlso to Print T' I . Drcw Line FT comccting Focc F ed Pdnt T. Drrw txlrorfing|ht lincbeYoodT Line FT od thc crcoslr of Lirrc F'T. Ttb Edh Usectoris iagcot io tbe dtipse 2 , Biscct the -gL f.t-JW d?ointT.
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Isometric Plane by a N . Construction of an ApproximateFou{enter Ellipse, formed in the Top Circlewth DiameterS ( BBA3 ): S. Selectany of 1 . Draw the isometricprojectionof a cubewilh edgesequalto the Diameter be,chosen' thethreeisometrictqu*.t; but, in this case,tfte squuri in the top plane.will Draw a B' &.'.F T9 i 2. Designatethe comers of the isometric squareas f9lnrs square the of sides the biscctorto eachof tlte four sides.Thesebisectorscut perpinOicutar Fl' F2' & ald at PointsT1, T2, T3, andT4; a1d,they alsoiutersecteachother at Points A arcsconnecting 3. Using Point A thenPoint I! as ccnterandA - T1 as radius,draw large ccnterand tangentpointsTl to T3,lhen tangenlpoint T2 to T4. Using Fl, then F2,.as tangentpoints Fl - T1 asradius,drawsmall,r., .onnoting tangentpointsTi to T2' then T3 to T4.
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o. DRAWTNGTrrE TNVOLUIE OFLINE BS( BB3.l ) UsinSPofu S tlt ceaterEd SB es n&ls, dnrw r l8G&grcc ac &rwr Poid B'hlesccting thc erdcosio! of IieBS dPointR 2. Using Poht€ !!r ccdcr ad a rrdius e$ul to B& dnsy lhe c.c6d l8G&gr€c sc tocr Point R to Poful U whic[ ir elsodoog the rorc f,oc r \ q DdB. 3 . Usirg Poht S egfi r ceotcr ad r n&l cqud 0oftc dlsl&ce bcts,Gca U dd S, dnw tie ncxt l8Gdcgrec arc fi@r Point U io Poht C. Theo, usingPointB rg.in asccotrr rrd BC rs ndins, drawrootter rc Aom-C to p. 4 . Repeatthe ebow p,rocc&re uatil the dcaid sizcof |he 6gurc is obtaino{ altrilating lhc rrc ccntcrsfrrgl B to 1.
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(BB'C ): SPIRALOFARCHIMEDES CONSTRUCTIONOF TI{E



..is,, r . Desisnarins ed":S "j9ffifffi,fl.1ffi.tff.5iffi,,ffH'i*'i"*1 F" m *g1tt' suchas 20 degr-ecs - -



."1,;""g "q"tt locatcPoint 1 at on the"desire{t'G of ili" completedfgure' sinccth. pq{1erhe GS is setet the origin )' csc.( bssisfor dl n *, il*tt-*l5'T" F 2 . Srartingrvilh-Isr,., r;. tWIo'"'"Jritit it i'';,fu"';i;



rr"ri p"l* S of aarvr.oglh a distance ilfiffi* nex-linc dis*;;;' ot."srbe zub,sequent J.L;;JJi ma*rd ii, lenshonn. #i*:.'i;"i"i



io



i6o"i



1:T1*9,ffi$; "ar';i""?t of 6 mn' or r t i; un. i ", " distance



on 16 tine 4 times;md so on the 6rst lioc' distanccoo tlre frrst line 1 ihe of muttiples procedrxe'.T.*.i*1n::ihe 3r .' Continuewith t}reabove 6gure' cfut of ihe.desired IlJ, *tl '"*hi";il;H .4.Cqnnec{allpoints'fromSio$c|astpoint,usingurinegu|^r,or.frcnclr''ctrrre.
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