3? Engineering Graphics (MSBTE-Mech) 1 Table of Contents
UNIT- |
Chapter 1 : Basic Elements of Drawing 1-1 to 1-83
1.1 TIEEOAUCTION. ...ttt ettt ettt ettt e e st e e e e bt e st e bt ea e et e es e et e eae e et emeeaae e st ebeeseenteeseenseeseensesaeeneenneentans 1-2
1.2 Drawing Instruments and Supporting Material ...........coeeiiririiriiienieieeet ettt et et st s eee e 1-2
1.2.1 Drawing Board and Drawing Table ..........cccieiiiiiiiniiiiiiiieeie ettt et s 1-3
1.2.2 ToSQUATE ...ttt ettt ettt sttt et et e s et e bt e bt e sab e e bt e bt e sa bt e st e e abeea bt e st e eab e e s st e eabeenbeesabeenbeebaesabeenbeennee 1-3
1.2.3 SEU SQUATES ..ttt ettt ettt sttt et et st et e e bt e s a bt e bt e she e ea bt e bt e sat e e bt e beesate e st e eabe e bt e eabesabeenbaeeabeeabeas 1-5
1.2.4 PrOMIACTOT ...ttt ettt e b e e at e e bt e e bt e e at e e s bt e et e bt e sabeeabeesbaesabeereenaee 1-5
1.2.5 SCALE ettt h et h et b e bt et eh e a b bt e a b e e heea et ehe et e eheen b e been s et e eae e teeaeentas 1-6
1.2.6 ROIENAAIAW . ..ttt ettt sttt s b et b e et e st e bt e bt et sbeemeesbe e st e beebtenbeebeenee 1-6
1.2.7 IMINE-ATATTET ...ttt sttt st ettt b ettt e be bt et sbe et e saeestenbeeanebesbaenee 1-6
1.2.8 Drawing INSIUMENt BOX .....coiiiiiiiiiieiiieiieie ettt ettt et st e st e bt esate st e eaeesbaesabeensaenaneens 1-7
1.2.9 Proportional DIVIAET ........coouiiiuiiiiiiiieiie ettt sttt sttt s e e b e sae e e bt e sabeebeesbaesabeebeens 1-10
1.2.10 FIENCH CUIVES. ..ottt et ettt et a e st e bt e s bt e bt e s st e e beesbeesabeebeens 1-10
1.2.11 Drafting TeMPLALES........ceuiiieieteeete ettt ettt sttt b et b et e bt et esbeeatesbeest e st ebesbeenteebeentesaeeneenaes 1-11
1.2.12 DIraAWING PAPCT ....etiiiiiiieie ettt b e e b et s b e et s bt et s bt et s bt et bt et bt e e e 1-12
1.2.13 Drawing PENCILS ..c..ceviiiiiiiiiiieee ettt ettt bbbttt et e 1-13
1.2.14 PENCIL SHATPEINIET .....couviiiiieiieiie ettt ettt st et e e st e st e e bt e s ateesbeesabeenbeesssesnseesaesaseenseens 1-14
1.2.15 SANA-PAPET BIOCK ..c.eiiniiiiiiieie ettt ettt sttt s bt e b sat e st e baesane et 1-14
1.2.16 Eraser and Erasing Shield ............cccooiiiiiiiiiiiiieeee ettt 1-14
1.2.17 Duster or HANAKETChIeT ..........c.ooiiiieieie ettt sttt nee e eae 1-14
1.2.18 Drawing Pins, Clips or Adh@Sive TaPeS........ccueeieriiriiriiienieeieniesiteieeet ettt sttt sieeneeeae 1-14
1.2.19 PAPET BOX ..ttt ettt et et s b e bbbt et h e et ae e st s be bt e b ebt et eae 1-15
1.2.20 Drawing ShEet LaYOUL.......cccoouiiiiiiriiiiieteteet ettt ettt ettt et a e st eae s bbb et sbee e saee 1-15
1.3 LLBHETINE .eveentirieeierteet ettt ettt et et h e bbbt h et e bt e st s bt et e s bt e bt e bt eb e e st e eb e e st e e bt ea e e s bt ea b e bt e bbbt ebe et ebee et saee 1-16
1.3.1 Freehand LEttEIiNG  ....ccveeiveiiiiiiiieieeie ettt ettt st et e sttt esba e s it e e bt e ssbeebeesbaesabeeaeens 1-16
1.3.2 GUIdelines fOr LEttEIINE  ...cc.evverieieieiiriinteriertet ettt sttt ettt ettt ettt be ettt ebe bt sbesae st e bennens 1-16
1.33 SINEIE-SIIOKE LLELEEIS  ...ueitieiiitieiietieitet ettt ettt ettt et et este st e be s bt et e st e entesbeeneesaeeneesbeeneenneas 1-17
1.4 Conventions of Lines and their APPIICALIONS .......cc.eeiiriirieriiieie ittt ettt ettt et e b bt et saeeaesaee 1-18
1.4.1 Conventions for Material REPreSentation ...........cccceeeviriererienienieieniteie ettt ettt 1-20
1.5 Scales (Full Size, Reduced Enlarged).......ccc.ooiiieriiiiniiieiiceiceeeteseete ettt ettt ettt 1-21
1.5.1 SIZES OF SCALE ...ttt ettt sttt b e s et e st e te et e s et et et e e a e e beeheente st enteeaeenteeneenaennean 1-21
1.5.2 Representative Fraction (R.F.) .ottt e 1-22
1.5.3 CONSIUCHION OF SCAIE ...ttt ettt ettt ettt e ae et st ebe s st e be e st et e eseenteeneeeeens 1-23
1.5.4 Some of the Important Relations for Length Measurements .......cc..coccecceveevveneeiieneenieneenieneeneeneeeennens 1-23
1.5.5 Classification Of SCALES  .......eoierieiieiieieiete ettt et ettt et e e st eae e st e sesneenseeseenseeseenseeneeneens 1-23
1.5.6 SOIVEA EXAMPIE......eouviiiiiniiiiiiieieee ettt ettt ettt et b e st s bt et sbe et saeeaesbeesaenbeas 1-25
1.6 DIMENSIONIIEZ . ...cveentiitteieitieteett ettt ettt ettt ettt e a et e bt et sa et sae et e s bt eab e bt ebe e st e sbtestesaeeane bt eesenteebeenseeneennesne 1-30

1.6.1 Systems Of DIMENSIONING .....eovuiiiiiiiriieriieeiierite ettt ettt sttt stee st esbtesatesabeesatesateesbeesabesabeessnesaneenne 1-31



35 Engineering Graphics (MSBTE-Mech) 2 Table of Contents
1.6.2 Practical Hints on DIMENSIONING ......ceveruirieriiriieitietieite ettt ettt ettt et st et e s bt et e b et e b etesaeenaesaee 1-34
1.7 Geometrical and Tangency CONSIIUCIONS..........co.iiirererierieieieieettee ettt ettt ettt e e s sae et sse e ese st ebesaesbessennens 1-39

1.7.1 Drawing PerpendiCulars ...........cocoviiriiiiiiiiiiertieetee ettt sttt s 1-39
1.7.2 To Draw Perpendicular Bisector 0f @ LNE ........ccccoviiiiiiiiiiiniiiiiieniecieeteeeeiee ettt 1-41
1.7.3 BISECHNGZ AN ATC ...ttt ettt et e a e et a e st n et n e et 1-42
1.7.4 BiSECtING AN ANZIE ..ottt ettt et ettt et enae et e beeae et e ne et e eneeneens 1-42
1.7.5 TIISECHNGZ AN ANZLE ..ottt ettt ettt et b et e bt e s et e st e bt eseesbeeaeebe e st et e ebeenteeneenesas 1-43
1.7.6 Dividing a Line in Any Number of Equal Parts (Say SiX).......ccocerrieririeninieiiieieneeeceeeee e 1-43
1.7.7 To Divide a Given Circle into 12 Equal Parts...........cccoccoviiriiiiniiiiiiniciniceeeceteiceteeeeee e 1-43
1.7.8 Drawing Paralle] LINES........cooiiiiiiriiiiieiienie ettt ettt ettt et e st e sabeebeessbeebeessaesnseenseens 1-44
1.7.9 To Construct Equilateral Triangles .........c.cevieiiiiiiiiniiiieeiierie ettt ettt ettt et sbe i 1-45
1.7.10 TO CONSIIUCE SQUATES ...ttt ettt et ettt ae et e s e e e e ae s e e s e ene e s e eneenesaie 1-46
1.7.11 To Construct Regular POLYZONS  ....cc.ooiiiiiiiiiieieie ettt sttt et 1-47
1.7.12 Some Special Methods of Drawing Regular Polygon..........cccociiiiiiiiininiiiiiieeiceccee e 1-51
1.7.13 To Inscribe a Regular Octagon in @ GIVEN SQUATE.........c..eererieriirieriiniieieeicete sttt ettt 1-54
1.7.14 To Inscribe any Regular Polygon in @ Given CirCle ........oceoviiiiienieniiieniieniecieerteee et 1-55
1.7.15 To Circumscribe a Regular Polygon Around a Given CirCle ..........coocuveviienieriiienienieeiieeieeee e 1-57
1.7.16 To Find the Centre 0f @ GIVEN ATC.....c.ccoouiiiiiiiiiiieieitetere ettt ettt 1-59
1.7.17  To Draw an Arc of a Given Radius, Touching a Given Straight Line and Passing

Through @ GIVEN POINL .......ocuiiiiiiiiiiiiete ettt ettt sttt esat e st e bt e saeesabeenaeesaees 1-60
1.7.18 To Draw an Arc of a Given Radius and Touching Two Given Straight Lines Making any

ANGIE DEIWEET tHETIL.......eeiuiieiiiiiieiee ettt ettt et e st e et e bt e st e st e e sbaeeabeenbeenbeesabeenbeens 1-60
1.7.19 To Draw an Arc of a Given Radius Touching a Given Arc and a Given Straight Line ............cc.ccc....... 1-61
1.7.20 To Draw an Arc of a Given Radius Touching TWo GIVen AICS.........ccceeririereriereiiereeierieeieee e 1-62
1.7.21 To Draw an Arc Passing Through Three Given Points not in a Straight Line............ccccoooeiiniinenenne. 1-63
1.7.22 To Draw a Continuous Curve of Circular Arcs Passing Through any Number of Given

Points not in @ Srai@ht LNE .....c.cccoeciiiiiiiiiiiiicicieere ettt ettt s 1-64
1.7.23 Drawing TaANZEILS ......ocueeiiriieiertieieet ettt ettt et ettt esbe st e bees e et e et e e et eseebeeseebesseensesbeenteeseenteeaeeneesaes 1-64
1.7.24 To Determine the Length of @ IVEN ATC ..c...couiiiiriiiiiiiiiieeieteee et 1-67
1.7.25 To Determine the Length of the Circumference of a Given Circle........cccooceevenerneniniininiencnicnceene, 1-68
1.7.26 To Draw Circles and Lines in CONACE .........cc.ccuiiiiiiiiiiiiiiiiicieiecececre et 1-68
1.7.27 INSCIIDEA CITCIES ...ttt et e et st a e s eneene e 1-73
1.7.28 To draw in a regular polygon, the same number of equal circles as the sides of the polygon,

each circle touching one side of the polygon and two of the other circles ........coccoeveeviiriieniiiieeniennen. 1-74
1.7.29  To Draw in a Regular Polygon (say hexagon), the same Number of Equal Circles as the Sides of the

Polygon, Each Circle Touching Two Adjacent Sides of the Polygon and Two of the Other Circles ....... 1-75
1.7.30 To Draw in a Given Regular Hexagon, Three Equal Circles, Each Touching One Side and

TWO OthEr CIICIES ...uviiiiiiiiiieieeee ettt sttt s be e nens 1-76
1.7.31 To Draw in a Given Circle, any Number of Equal Circles (Say Four) Each Touching the

Given Circle and Two of the Other CIrCles.........coouiiiiiiiiiiiiieieeieee et 1-76
1.7.32 To Draw the Same Number of Equal Circles Outside a Given regular Polygon

(say pentagon) , Each Circle Touching One Side and Two of the Other Circles .........ccccoeeerierereeneennen. 1-77



3? Engineering Graphics (MSBTE-Mech) 3 Table of Contents
1.7.33 To Draw Outside a Given Circle any Number of Equal Circles (Say Six) Each Touching
the Given Circle and TWO Other CirCles .......covuiiiiiiiiiiiiiiieeeeeee ettt s 1-77
1.7.34 To Draw a Circle Touching Two Converging Lines and Passing Trough a Given
Point DetWeen Them......c..cocviiiiiiiiiiiicc ettt ettt ettt s 1-77
UNIT- I
Chapter 2 : Engineering Curves & Loci of Points 2-1 to 2-68
2.1 TEFOQUCTION ...ttt ettt ettt et e bt e a e b e e st et e eb e et e eb e et e eheemeesbeembeebeem e e bt eneeaseeneeabeemeenbeentenbeas 2-2
2.2 ClasSIfICAtION OF CUIVES ....couiiiiiiiiiiiicieiceete ettt st et eb et ettt ettt eb e sae e eae 2-2
2.3 COMICS ettt ettt ettt ettt ettt ettt s bt et e b et e bt et eb e eat e sh e e st e e bt ee s e bt e et e bt sbeeatesaeeas e bt eas et e e et e bt eseesneeseenbeeanenbens 2-2
24 Mathematical ANalysisS OF COMICS ....ccueiriririiriiriiriertetet ettt sttt ettt et sb et b e ettt e st ebe bt s b sae st teste e eneeneenes 2-5
24.1 CONIC TEIMINOLOZY ..ttt ettt ettt ettt et e bt et e st e et et e eb e en b e eb e et e ebeentesaeemtesbeemtenbeensenbeeneenee 2-6
2.5 EILIPSE oottt ettt h et h et bt et b e e a e bt e st e bt eht e bt e h e et eh e e a e e e bt e Rt e bt e et e bt e st e bt e st e nbeeatenbeeatenbeas 2-6
2.5.1 APPICAONS O EIIPSE  ..ovviiniiiiiieiieiie ettt ettt ettt et e st e et e e sbaeenbeesseesabeeseesasesnseensnennne 2-6
2.5.2 General Methods of Construction of an EIIIPSE .......coceiriieiriiiniiiiiiie ettt 2-7
2.6 Parabola ..o et b e a et a et b e s e b ettt sb et eaeenaenaes 2-13
2.6.1 Applications of Parabola ........c.ccccociiiriiiiiiiiiiiiee ettt e 2-13
2.6.2 General Methods of Construction of a Parabola ..........c.ccoceiiiiiiiiiiniieeeeeee e 2-14
2.7 HYPEIDOIA .ottt ettt et b et e bt e a e bt e bt e bt e bt e st e e bt e st e s bt eate bt e st et e eh e et e eneeteeaee 2-17
2.7.1 Applications Of HYPErbOIa .....c..cociiriiiiiiiiiiiiiiiiietc ettt sttt e 2-17
2.7.2 General Methods of Construction of a Hyperbola .........cccooiiiiiiiiiiiiiieeeee e 2-17
2.8 HELIX o bbb 2-22
2.8.1 APPICAIONS Of HELIX  .o.vitiiiiiieiieirceee ettt ettt ettt et st sr b nene 2-22
2.9 TIVOIULE .ottt ettt ettt b e a et e et e bt s a e et e e bt em b e e bt em e e eb e em e e eb e en e e eheemtenbeen s e bt ent e teen e et e eneentenes 2-25
2.10  Cycloidal FAMILY Of CUIVES ....cooiiiiiiriieiiniieieeteeterte ettt ettt st ettt et be et sb e e s bt es e sbe e st e sbeestenbesbtebesbnenteene 2-30
2.10.1 CYCIOIA e et ettt sa et 2-31
2.10.2 EDICYCLOTA .ttt ettt st e a e st e bt e s at e s et e s hb e st e be e sabe e bt e bt e sabeeaeeas 2-38
2.10.3 HYPOCYCIOIA ..ttt sttt et s e ae s n e b eae e e 2-41
2,11 Archemedian SPITal ....c..ccoooiiiiiiiniieeeee ettt bbbttt b et sttt b e et ettt eb e bt sa et e st nene 2-44
2,12 LOCT OF POINES ..ottt sttt st sttt et ettt e b bt b ettt ese bt e bt saesaesaebennens 2-47
2.12.1 Loci of Points Plotted According to a Certain Given Condition ..........cccceceveevienieeneneeneniieneneenenene. 2-47
2.12.2 Loci of Points in SIMple MEChANISIS .....eevuieiiiiiiienieiiieiieeie ettt ettt et e sbesteesbaesnbeebeesaaesbeenaeens 2-51
2.12.3 SOIVEA PIODIGIIIS ..ottt ettt et et b e st sae e sae et saeennennees 2-52
UNIT- Il
Chapter 3 : Orthographic Projections 3-1 to 3-49
3.1 INEEOAUCHION. ...ttt sttt s a e e bbb ettt ebe bt besae st ne e e st eneenes 3-2
32 PrinCiple Of PrOJECTION .....eiiuiiiiiiiieeie ettt et ettt et esate s et e e bt e sabee s bt e sabeebeesateenbeebeesabeensaennsenns 3-2

33 MEthOdS O PIOJECHION......ceutitirtititeteteeete ettt sttt ettt s se ettt et et ebe bt e bt sae st et et e e eneeneenes 3-3



3? Engineering Graphics (MSBTE-Mech) 4 Table of Contents
34 OrthOgraphiC PrOJECTION. .. ..c.eiuiiuiiiiriiiieitetcte ettt ettt sttt et et b e s a e et ettt ebe bt saesae b et eneneen 3-6
35 Principal Planes of Projection and Principal VIEWS ........cccoiiiiiiiiiiiiiieieetee ettt e 3-6
3.5.1 System of Orthographic PrOJECTION ...c..ceviviiriiriiiiiiiiiecneet ettt st 3-8
352 Position of Object with Respect to the Planes of Projection in Four Quadrants ...........cccceecueeviienienneenne. 3-8
353 Position of the Views on a Plane Paper when Object is Lying in Four Quadrants............ccccececevieiennenne. 3-8
354 First-Angle Projection Method..........ccociiiiiiiiininieicicieietee sttt 39
355 Third-Angle Projection MEthod .........coccoiiiiiiiiiiiiii ettt 3-11
3.6 Analysis of Principal Lines in Principal VIBWS.......cc.coouiriiiiriiiiiiiieieeteee ettt 3-14
3.7 SYIMDOLS .ttt ettt ettt s bttt esat e ea bt et e e et e et e e s hte e et e enbeeeabeen bt e bt e bt e eabeeabeeehbeenbe e baeeabeenbeennseenbeenbeenn 3-14
3.8 Orthographic VIiews Of 2D ODJECHIOMN.......cciuiiiiiiiieiieeieeite ettt sttt ettt et e st e bt e s abe e bt e sabesnbeesbeesbeeseens 3-15
39 Procedure of Preparing Orthographic Views by using First-Angle Projection Method ...........cccoceevvvininincncnennne 3-17
3,10 Precedence Of LINES ...cc.cooiiiiiiiriiiieieeiteteet ettt ettt ettt ettt et e bt e bt e b e e bt et eu b e bt estenbeestenbesbeebesbtenbesbeente e 3-19
3.11 Method of Drawing Hidden LINES ........cccccoiiiimiiiiniiiiierieieeteteecete sttt sttt sae et sae st sbesaeeneene 3-20
3.12  Methods of Drawing AXiS LINES .....cocuiiiiiirieiiiiiieieeie ettt ettt sttt sttt e sat e s eabe st esbbesnbeebeesabeebaenaees 3-20
3.13  Orthographic Views of Elementary ODJECES ........cc.coiiiiiiiiiiiiiiieiiiieieneereste ettt ettt sne e s 3-21
3.14  1dentification Of SUITACES. ......cocueiuiiieitieiiee ettt ettt e bt a et e e bt et e eate bt estesbeeseesbesmeenbeeseenseeneentene 3-23
3,15  Fillets and ROUNAS  .c.cooveiiiiiiiiieiteteetet ettt ettt ettt et e b e e bt et e et e bt e bt e bt e bt e bt sbtenbeebtenbesbeentenne 3-24
3,160 SOIVEA PrODICINS .....eiiiiiiiiiiieiieeet ettt ettt ettt b et be et b e e b et e et e st e bt ese et saeebesunebesaeennene 3-26
UNIT- IV
Chapter 4 : Isometric Projections 4-1 to 4-55
4.1 TNELOAUCTION. ...ttt ettt b e et b ettt ebt et sb e et e bt e bt s bt e bt e bt esbeebeentesbeesaesueemeenbeennens 4-2
4.2 Types Of PICtOrial PrOJECTIONS. ......eivuiiiiiiiiiiiecitecie ettt sttt sttt e st st e s tte e sbeesnbeebeesabesnbeenseesaseensaennsenns 4-2
43 Types of AXONOMELIIC PIOJECIONS .....cc..oiuiiiiiiiiiiiieieie ettt sttt saeene s e saeeanens 4-2
43.1 | 0] 10T 0 g 1ol =0 (] T ) o OO OSSPSR 4-3
432 DIAMELIiC PIOJECTION .....eviiiiiiiiiieiieie ettt ettt st sbe et bbb eat et ebe e 4-3
433 THMEIIC PIOJECTION  ntiiiiiiiriiiiiieiieie ettt ettt ettt ettt a e sbe e sbe et bt et e b ean et beenee 4-3
4.4 ISOMELriC ProOJECtION OF @ CUDE .....eeeuiiiiieiiiieieee ettt sttt sttt et e st e beesatesssbessbeenbeeseseenbaenseesasaensaenssenns 4-4
4.5 K@Y TEIMNS ..ttt ettt et ettt ettt e s at e e bt e bt e s at e e bt e s atesa bt e bt e eateeabaeeabeeabeeshbeeab e e bt e eabeenbeeabbesabeenbeeneee 4-4
4.6 Isometric View or Drawing and [SOMEric PrOJECTION ........couiiiiiiiiieitieiieieetie ettt s 4-7
4.7 Construction Of ISOMELTIC POINL.......couiiiiiiiieiiieee ettt sttt et s bt et b et esbe et e sbeesaenbeeanens 4-8
4.8 Construction of ISOMELIIC PIANES........cociiiiiiiiiiiiiieiie ettt ettt s s s 4-9
4.8.1 POLYZOM ...ttt et b e e at e et e st et e b e a b et s b e et e e bt e st e e be e bee st e enteenaee 4-9
4.8.2 Circle and SEMUE-CITCLE .......couieuieieieieteetiete ettt ettt ettt eat ettt et e et e sbe s st ebeeseenteeteeseenseeseenseeneeneennes 4-11
4.8.3 Isometric Construction of Quarter Of @ CIrCle..........coouiiiiuiiiiiiie et 4-14
4.9 Construction Of ISOMELIIC SOLIA. ... .ooutiiiiiiiieitieet ettt ettt ettt e s bt e e tesbeese e teebeeteeneeneeenee 4-15
49.1 Isometric Construction Of PIISI ........cocoviiiiiiiiiiiiiiiiieieee ettt ettt s 4-16
492 Isometric Construction of Pyramid and its FruStum .........cccooieriiiiiiniiiiieieniceceeesieete e 4-16
493 Isometric Construction of Cylinder and Semi-Cylinder ..........cocceevieriiiinieniieniiienieeieeeesteeeeeiee e 4-17

494 Isometric Construction of Cone and itS FIUSTUM ..........coooiiiiiiiiiiiieeeeeeeeeee e eeeees 4-20



3? Engineering Graphics (MSBTE-Mech) 5 Table of Contents
495 Construction of ISOMELIIC SPRETES ......couevviriirieiiieieiiiee sttt sttt st nene 4-21
4.10  Construction of Isometric Solid Having Irregular CUIVE ........ccceiuiiiiiiiiiniiiiecreeteestee et 4-23
41T SOIVEA PIODICINS ...ttt ettt ettt ettt sttt bttt e b et s bt e bt e bt st e et e e bt et e ebe et e sueentesbeennenbeas 4-24
12 EXEICISE.cuteuiiuteieritetieitete ettt et ettt e e sa et e s bt et et e et e a e e et e s a e eat e bt e et e bt e a s et ea st ea et e bt e a s e h e ea s ettt et eae et sat et saeennenhe s 4-45
UNIT- V
Chapter 5 : Free Hand Sketches of Engineering Elements 5-1 to 5-17
5.1 INrodUCHION 10 FASTENELS ...c..eiutiiiieiiiiieieiiet ettt ettt et b et sb e et e b e et et e bt e bt e bt e nbesbtesbesbsenbens 5-2
5.2 IMEthOAS Of FASIEIINE ...c.vvieuiieiiiiiiieiteeie ettt ettt et ettt et e s et e e bt e aeesab e e baesaeesateenbeessbesabeessaeasseenbeesssesnseens 5-2
5.2.1 Mechanical FaStenIng........c..cccueouiiiiiiiiiiiiiceeee ettt ettt sae e e 5-2
522 BONAING ..ttt ettt ea ettt et et a e sa et ae e 5-2
5.2.3 FOTTIINE ...ttt ettt h et sh et e bt et e eb e st e bt e st e nbesat e besbtenbeebeenteene 5-2
53 SCIEW TRICA ...ttt ettt h et e h et et e b e s bt et e bt e st e bt eatesbeeate bt estenbesbbenbeebeenteane 5-2
5.4 IMUILIPIE-STATE TRTCAAS .....veeuvieeieiiieiieeie ettt ettt ettt ettt et e st e e bt e sebeeabeestesase e saenstesaseensaesssesnbeesssensseensaesnsesnseens 5-3
5.5 Right-hand and Left-hand TRIEads.........c.cuooiiiriiiiiiiee ettt st ettt sttt e bt e sabeesaeesaneens 5-3
5.6 Conventional Representation Of TRICAAS .........cccoiiiiiiiiiiiieee ettt ettt ene e ene 5-4
5.6.1 EXternal TRICAM ......ccouiiuiiiiiieiee ettt ettt b et b et b e et e bt s bt et e sb e e beebeenteene 5-4
5.6.2 INtErNAl TRIEAM ...c..eouiiiiiiiiiieiee ettt ettt et b ettt st e bt st e b e sbt et e sbeenteeae 5-4
5.7 FOrms Of SCIEW THICAUS ....c..vetiiuiiiiiiiriieiet ettt ettt sttt st b ettt et sbe e bt e saeeseesbesanenbens 5-4
5.8 SCIEWEA FASIBIIETS .....eouviiiiiiiriieierteet ettt ettt ettt ettt ettt e ae et sat e bt sbe e eeb e et e bt eae e st e eaeenaesanenbesenensesbnennene 5-6
5.9 TYPES OF INULS ...ttt ettt a e et s bt e e e e as et e e et e st esa e sae e s e s bt e s e st e s eeaeesnesaeennesneeanennens 5-6
5.9.1 HEXAZONAL NUL. ...ttt ettt sttt ettt et et eb bt eae bt s aesa e b aenennen 5-6
5.9.2 SQUATE INUL ...ttt ettt et sa ettt s bt et e e bt et e bt e st sb e e st e sbe et et e ebt et e ebeenbesbeentesbeentenaes 5-7
5.9.3 Other FOIMS Of NULS.....cotiiiiiiiieiteet ettt ettt et ae st be st b sbe et sbe et e sbeeneenaes 5-8
5100 WASHETS .ttt bttt st et h et h et b e h et e h bt e he e bbbt h et eb et sae et she et sbeeane st e 5-10
S.TT BOIES ettt st e h et a e et e a e bt e s bt e et eat et sae e nesae e nesueeanenneens 5-10
ST | 1 PSP USRS 5-12
5.13  SEE-SCIEWS .ttt ettt ettt ettt b ettt et h et e s bt e st e e bt eb e e bt e bt em bt eh e emt e e bt embesheem b e bt eh b et e e bt et e eh e et e she e besbe e benbeennenbeene 5-13
5.14  Locking Arrangements fOT INULS .....ccuieiiiitieiieeieerte et eetee sttt et e st e bt esttesbeesseesaseesbeeseesabeenseenssesnseenseesssesnseenssesnses 5-14



