NGIN
GRAPH

10O0LS FOR THE MIND

A COMPREHENSIVE SET OF ENGINEERING GRAPHICS TOOLS

71T W
“N7 ik

/ g | |
ez T

BRYAN GRAHAM

\J )
A"’c Better Textbooks. Lower Prices. CE} lﬁ%ﬁgg&gg&&

PUBLICATIONS wWww.SDCpublications.com


https://www.sdcpublications.com

Visit the following websites to learn more about this book:

Publications

SHEC | amazoncom |  BARNESSNOBLE |



https://www.sdcpublications.com/Textbooks/Engineering-Graphics-Tools-Mind/ISBN/978-1-63057-086-6/
https://www.amazon.com/gp/product/1630570869?ie=UTF8&tag=sdcpublications&linkCode=as2&camp=211189&creative=374929&creativeASIN=1630570869
http://www.barnesandnoble.com/s/1630570869?dref=1&keyword=1630570869
http://www.tcpdf.org

Engineering Graphics: Tools for the Mind

ENGINEERING GRAPHICS:
Tools for the Mind

Bryan Graham

Table of Contents

: 1. Lettering * 2. Sketching
: Guidelines for Lines

Lettering w& Circles
Arcs

Isometric Sketching

3. Orthographic

Projection

‘ Planes and Surfaces
Curved Surfaces

. Isometric Drawings
Inclined Surface
Oblique Surface
Curved Surfaces

= 5. Oblique Drawings
Cavalier Oblique
Cabinet Oblique
Curved Surfaces

6. Auxiliary Views
Inclined Surface

7. Sections r” 1, 8. Dimensioning
Full Sections T Basic Rules
Half Sections il Size
Offset Sections -+ - Arc Dimension
Revolved/Removed Placement
Sections - Holes and Cylindrical
Broken-Out Sections Features
Aligned Sections - Machined Holes

Locate

- Finished Surfaces

- Holes or Cylinders on
an arc or circle

Overall Dimensions

- Rounded End Objects



Exclusive Bonus Content — Technical Graphics

Exclusive Bonus Content

Technical Graphics

Meyers e Croft ¢ Miller e Demel ¢ Enders
Ohio State University

Table of Contents

CHAPTER 1 Getting Started

11
1.2

1.3

1.4

INErodUCtiON .........cociiiiiii et s s s saee s 1-1
What You Will Learn From This Text ...........cccccooiiiiiiiiiiiicceeece e 1-3
I B 1< 573 V=SS 1-3
1.2.2  Sketching TECANIQUES ...ccveecveeeieriieiieierieseeteete st e st etestesee e esseeaesseesseessesssesseensesnsenns 1-3
1.2.3  Shape DESCIIPLION ....eecvieiieieeiieiieieeiestesteetestestesseesesssesseesseesesssesssesseassesssesseessesssenns 1-3
Orthographic ProjeCtion .........cceceecierierieriieieeiesieee ettt 1-3
Pictorial DIaWINES ...c.ccccceceeeeienierienieneneneneeeee ettt sre e ebe ettt eeneen 1-4
Perspective DIAWINGS .....cceoueererrieiierierie et eieee e ete ettt et eseseesaeesaeeneesns 14
1.24  Sections and CONVENTIONS ....cc.eeruiertirierientierteeieetenttenteetestesteesteetesatesueeneeeeesseesseenseans 1-4
1.2.5  SiZ€ DESCIIPLION ...eotiiniiiiiiitieiteteeteet ettt ettt sttt st e b e sbe et st e sbeeteeneeeae 1-4
1.2.6  Fastening and JOINING .......ccceeieriieiiirienieieeieete ettt sttt sttt s e e saee e eeeeas 1-5
1.2.7  DIaWING NOLES ..oviiiiiiiiiiiierieete ettt ettt ettt eat e st st e b et st esbee bt emtesaeesbeenteeneene 1-5
1.2.8  Production DIawings .......ccceeeereeiiirienieniieieetesteneeeste ettt sttt saee b e e eae 1-5
1.2.9  DeSCrIPIVE GEOMELIY ...cvieveerieiieiieiereesteesteetestesseesesaesssesseessessesssessesssesssesseessesssenns 1-5
1.2.10  Presentation GraphiCs ........ccecceevieecieeiiereesiesieriestesseessessesseesseessesssesssessesssesssesseessesssenns 1-7
1.2.11  COMPULET SYSLEINIS ..veervieriieriierieenieenteeriteesteesteessbeeeseesbeessseessteesssessseesnssessseessseessseess 1-9
Computer-aided Manufacturing ............ccoeceeveerieerienieneeseeieeeeseee e 1-10
Computer-integrated Manufacturing ...........cecceeeevieeiereeniesieeienieseese e 1-11
Flexible Manufacturing SYStEMS ........cccceecierieriirienieiieieeiestesieee e ee e 1-11
To0ls YoOu WiIll Need .........cccoooiiiiiiiiiiiiiiiiiicceee s 1-12
1.3.1  ToOOlS fOr SKEtChING ...cveiiiiiiiiiiiiiiee et s 1-12
1.3.2  Tools for Instrument DIaWing ..........cccceceeierienienenienienteieeee sttt 1-13
1.3.3  Drawing by COMPULET .....ocueiuiiiiriiiiiniieiieieeitetete ettt sttt ettt se et 1-15
Central Processing Ut .......c.ooeiiririiininieieeteie ettt e 1-15
INPUL DIEVICES ..ottt ettt ettt ettt bees 1-15
OULPUL DIEVICES .uvviniieeiieieeieiieieeteste st e steete st e seeeseesaessaesseesseessessseseessesssesssensens 1-16
Data StOrage DEVICES ....ccveeververiieieeieeeeseeteeteeeesseeseeaesseesseessesssesseesseesesssenses 1-16
SOFEWATE <.ttt ettt st sttt 1-16
Using Your Drawing ToolS ...........ccccooiiiiiiiiiiiiiiieeteeec ettt 1-17
141 SKELCRING c.eoeiiiieieeeee ettt sttt 1-17
1.4.2  Alphabet Of LINES ...c.coceeviiiiiiiiiiiiininieneeeee ettt 1-17
1.4.3  InStrument DIaWING ......ccccociiiiiiiniiiiieee ettt sttt st st sbe e s 1-17
Straight LINES ..cooueeiiiiieieieeeee ettt ettt 1-17
Drawing Straight Lines with Your CAD SyStem ........ccccoeoerinenininieniieienieiene 1-19
CIrCles and ATCS ..coveiiiriiniieiieieetet ettt sttt ettt sbe et eae 1-20
Drawing Circles and Arcs With Your CAD System ........ccccecevvererieneeienienenienine 1-20
IMEASUIINE ...evevrevienreeteeteseeeseesestesseesseessesssesseesseassesssesseesseessesssensesssesssesssessesnsens 1-21

Measuring With Your CAD SYSteM .......ccceevcieriieriirienieieieeieseeneeesie e seenees 1-22



Exclusive Bonus Content — Technical Graphics iii

LB LEERIINE ..c.eeeiniiiiie ettt et e e st e et e s bt e bt e e et e bt e st e s b e e st e s s ebeeenee e 1-22
1.5.1  Lettering GUIACINES ...c.eccvereieiieieeieriieie ettt et te et e sseesreeseessesneesneesseennennes 1-23
1.5.2  Lettering SLYIES ..eoueeuiririieiiiieieictetetet ettt ettt ettt 1-23
1.5.3  Character UnifOrmity ........cccooceeiiieiiirieniieieeieeee ettt ettt ss e ae e e s ae e eae 1-24
1.5.:4  SPACIIZ .eoeiieiiiiieiieieeee ettt ettt ettt st e sttt et e et e st e et e et e ent e e et et e e teenteeneeseenbeene s 1-24
1.6 SUIMIMATY <.eoiiiiiiiiieeiie ettt ettt et e s bt e s bee s beesabe e steessbessbeesstesnseesabaesaseesaseenssessee nbes 1-25

CHAPTER 2 Technical Sketching

21
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.1
212

213
214
2.15
2.16
217
2.18
2.19
2.20
2.21
2.22
2.23

INErodUCION .......ocooiiiiiiiiii ettt 2-1
Sketching Horizontal Lines ..............ccccooiiiiiiiiiiiiiiieeece et 2-2
Sketching Vertical LNes ............ccccoouiiiiiiiiiiiiiiieeeeee ettt ettt ae s 2-2
Sketching Angular LINES ..........ccccoiiiiiiiiiiiiiiiecee ettt ettt 2-2
Sketching Curved Lines ............ccocooiiiiiiiiiiiiiiteeee ettt ettt 2-2
Drawing MEdia .........cccoooiiiiiiiiiiiieeee ettt ettt ettt ettt ettt b 2-3
Grids for SKtCRING .........c.ccoooiiiiiiiiiii ettt st e st e e aees 2-3
Line WEIGRLS ....cc..ooiiiiiiiiie ettt sttt s bt e st e st e e et e s sbaessbaesabaesbaenaee 2-4
Sketching INSTIUMENES ........cccooiiiiiiiiiiiiiiiierie ettt sttt sb et e st e e bt e sbaesbeesabeesaseenanes 2-4
Enlarging and Reducing Using a Grid ............coccooiiiiiiiiiiiiiiiiieeeeeeeeeeeee et 2-4
Enlarging and Reducing Using a Rectangular Diagonal ... 2-5
Enlarging and Reducing by Changing the Focal Distance

from the Object to the Plane .............c.ccoociiiiiiiiiiiiiieeee e 2-5
Sketching Small Objects with a Hand for Proportion .................cccoceniiiiniiniiniiniece, 2-6
SKetching SOIAS .........cooiiiiiiiiie ettt sttt et sttt et et ebt e b e 2-6
Four Steps to Sketching an ODbjJect ............c.coooiiiiiiiiiiiiiiieee e 2-6
Basic Shading of SOLdS ...........ccccooiiiiiiii e 2-8
Orthographic Projection SKetch ..........c.cooiiiiiiiiiiiiiieeeeee e 2-8
Isometric Pictorial SKetch ... e 2-9
ODblique Pictorial SKetCh ..........ccocoiiiiiiiiiii ittt saae e 2-9
Where Do Ideas Come From That Require Sketching? ..............cccccooviiniiiniinninniieneee, 2-10
Sample Engineering Applications .............ccocoooiiiiiiiiiiiiiiiieeeeeetee e 2-11
Sample Problem: Table Saw FiXture .............coccoiiiiiiiiiiiieeeeeteeee e 2-12
SUIIMATY ...ttt ettt et ettt e sat et e et e eatees e e bt et e eateeatesbe e beenbesaaesseenbeens sae 2-13

CHAPTER 3 Orthographic Projection

3.1

3.2

3.3

INErOAUCHION ..ottt et st e bt e st e st e e s bt e e bt e s beeebeesareesane s 3-1
311 Communicating in Three DImMenSIioNS .........cccceevuerierieniieiienienieieeieeeeseeieeee e 3-1
Theory of Orthographic Projection ................cccccooiiiiiiiiiiiiiiiiniinecceece e 32
3.21  First-Angle and Third-Angle Projection .........cccccccoeverinenininieninieeceeieeceneeneenene 33
Principal Views and PIanes .............ccocooiiiiiiiiiiiiiieteceetecte ettt 3-4
3.3.1  Front View and the Frontal Plane ............ccccooiiiiniiiiiiiiiieteeeeeteeeeee e 3-5

3.3.2 Top View and the Horizontal Plane .............ccccoocoviiiiiiiniiniieeeeeeeeeeeee e 3-5



iv Exclusive Bonus Content — Technical Graphics
3.3.3  Side View and the Profile P1ane ...........ccoceeeeiiiiiiiiiiiniiniiinnncncneeeeceteeeee e 3-5

3.3.4  Other Principal Views and PIanes ..........ccccccevieririiiecienieieieeieseesieee e 3-5

3.3.5 Relation of the Principal VIEWS ......ccccoiriririiiieiiiiiniiiententeneneeecneseeeeeeeeeeee e 3-6

34 Principal DImensions ............cooccoiiiiiiiiiiiiiieeeeeeet ettt s 3-7
3.5 NONINEAT FEALUTES ......coiiiiiiiiiiiiiiiiieeee ettt ettt s e s 3-7
3.5.1  ConLEr LAMES ..eoviiniiiiieiieiteteee ettt ettt ettt b b et sae s 3-8

3.6 VISIDILIEY ..ottt ettt s b ettt e neen 3-8
3.6.1  Describing Hidden Features .........ccccoooiiviiiiiiiiiiiiiiieiceteeeteteiee et 3-8

3.7 The Alphabet 0f LLInes ...........ccccooiiiiiiiiiiiieee e e 39
371 VISIDIE LINES .uviiiiiiiieiieiieetee ettt sttt e b ettt ettt s 3-9

3.7.2  Dashed Lines for Hidden Features ...........ccccocueieiiiiininininincneececeeeteee e 3-9

3.7.3  JUNCHONS OF LINES ..eoveiuiiiieiiiiiieieteniesteet ettt ettt sttt 3-10

374 Center LINES ..oouevuiriiiiiiiiiiieietetete ettt ettt s bbbttt 3-10

3.7.5  ConStruction LINES .....ccceceevieriirieriiniinientincneniteeetet ettt st s es et nene 3-10

3.7.6  Precedence Of LINES .....ccccooeriirierenineniincnieiceeetet ettt st ss et nene 3-11

3.8 USING SUDSCIIPLS ..ottt sttt st st s e bt esbeeneesaeenae 3-11
3.9 What a Line RePreSents ..........ccccooviiiiiiiiiiiiiiiiinieiiieeiteeiee st este et esie e st e s e sbeesaeesaeeesanesnne 3-12
3.9.1 A Line as the Edge View of @ Surface ........ccccocieiiiiiiiiiiniieeeee e 3-12

3.9.2 A Line as an INterseCtion .........cocceevierierieiiieiieniteeeeete sttt ettt st 3-12

3.9.3 A Line as a Limiting EIement .........cccocoeoiiiiiiiiiiiiiieeeeeeeeeeeetee e 3-12

3.9.4  What Can a Line Represent? ........cccoiiieiriiiiieieieniesese ettt 3-12

3.10 What a Point Represents ..ottt 3-13
3.10.1 A Point as the Intersection 0f LiNES .........ceccecievierierienienenieninineneeeeeeeeeeeeeeseeieneene 3-13

3.10.2 What Can a Point REPresent? ........cccvecveeieriieiiieienieiieiestesieesie e see e esesaesseeseeeseses 3-13

3.1 Reading the Surfaces of ODJECts ...........cccooiiiiiiiiiiiiiie e 3-14
3.11.1  Surfaces That Are True Size and Shape ..........ccccevieriierirrinieeeeee e 3-14

3.11.2  Surfaces That Are INCHNEA ........ccoeoiiriiriiiieeeeeee e 3-14

3.11.3  Surfaces That ATe ODIIQUE .....cccoceeereririririeietetetetertentese sttt neens 3-15

3.11.4 Reading by SKEtChing .......cccooiiiiiiiiiieieee e e 3-15

3.11.5 Curved and Tangent SUITACES .......ccoeviirieriieiiirienteeeie ettt 3-16

3.11.6  Conventional PraCtiCeS .........ccoeeririiiriirieiieteetee ettt st 3-16

3.11.7 Fillets, Rounds, and RUNOULS .......cccuiiiiuiiiiiiiiiieieie ettt eaaee s 3-17

3.12 Keys to Reading Three-Dimensional Objects .............c..ccccooiiiiniiiiiiiniiniceeceeee 3-18
3.12.1 Identify and Locate Points on the ObJECt ........ccvvvverieriieiiinierieeee e 3-18

3.12.2 Identify and Locate Lines on the ObJECt .......ccceceviereeriiesierieneereeee e 3-19

3.12.3 Identify and Locate Surfaces on the ODJECt ........cccevvvereeriirciereierierieie e 3-19

3.12.4 Curved Surfaces and Limiting EIEMents .........ccccoceeverirericririienieiienicneneneneneseeeeneen 3-20

3.12.,5 Reading an Object by SKetching It ........ccccoeeiiiiiiiininininnececeeeee e 3-20

3.12.6 Reading by Modeling the ObJECt .......ccceevireiiinieniiniiniinieneneeeneeeeeeete et 3-20

3.13 Creating a Multiview Orthographic Drawing ..............c.cccoooiiiiiiiiiiiniiinieee e 321
3.13.1  ChoiCe O VIBWS .ueiiiiiiiiiiieitieiee ettt ettt ettt st s sbe e s s 3-22

3.13.2  Planning @ DIAWING ...ccceeoueruiirieiieiieniterie ettt ettt et s te bbb st esbeeee e s 3-22

3.13.3  Developing the DIAWING ........cccooiiiiiiiiieieietet ettt ettt 3-23

3.13.4  Checking YOour WOTK ....c.coooiiiiiiiiiiieeieece ettt sttt 3-24

3.14 Creating a Drawing on the COMPULer ............cccccooiiiiiiiiiiiiniiiieeeeceeee et 3-24
R TR 1 B Y T 1 T I s 1« TS 3-24

3.14.2  Selecting the LAYETS ..cccvecverieeiieieeieeeeie ettt et e et ebeeseessae e ensesssessnesseensesnnenns 3-25

3.14.3 Selecting Pen Widths and Colors for @ Printer ..........ccceceeveeeierceerieenensienieseereeee e 3-25

3.14.4 Developing the Drawing on the COMPULET .....c..coeverireereeienienienienieneneneeeeneeeeeeneen 3-25
ConStIUCHION LINES ...cveeviiuieiiiiiiitinienteeenie ettt neene 3-25

RV AR 10) (S 051 s =L PR 3-26



Exclusive Bonus Content — Technical Graphics v

3.15

3.16
3.17

Finishing the DIaWING ........ccccceevieriieiienieniieieeiesteseeeeeesee e seeeaessnesneesseesseens 3-26

Alternate Methods for Layering .........ccecvevveeciereesieecienieseesieecee e seeeee e seeeseeens 3-26
3.14.5 Modeling With CAD .....ooiiiieiieeeee ettt sttt et e e e e ens 3-28
AUXIHATY VEBWS ....oiiiiiiiiiiiiiiiie ettt ettt e s te e ste e st e e sabeesaeeessbeessaesnsaesnseesssaenssenns 3-29
3.15.1 Preparing an Auxiliary View DIawing .........ccccccceverereninenreneeienecienreneenenesresesneenes 3-30
3.15.2  Other AUXIIATY VIEWS ...cocuiiuiiiiiiiieientieitteie ettt sttt et sttt ettt e e e e ens 3-32
Sample Problem: Table Saw FiXture .............ccoccoviiiiiiiiiiiiiiiteeceeee et 3-32
SUIMIMATY ..ooiiiiiiiieeite ettt ettt e et e s bt e s bt e s bt e sabe e steessbessbeesnbaesasaesabaesaseesaseesssessee nees 3-33

CHAPTER 4 Pictorial Drawings

4.1
4.2

4.3

4.4

4.5
4.6
4.7

INErodUCHION .......ocooiiiiiiiiii ettt sttt et e 4-1
AXONOMEtric DIaWINES ......ccooiiiiiiiiiiiiiii ettt 4-1
421  Types of AXONOMELriC DIAWINGS ....ccveecveeieriieiieieneieiieieeteseeseeeseseeseesseesaesssesseesseenns 4-1
4.2.2  The ISOMEITIC AXES ..eoververrerueriienietetentententestestestesteete et eut et et et estestesbeseesbesbesbeeneeneennensens 4-2
4.2.3  Normal Surfaces in ISOMELIIC ......ccccceevieriieriieiirierieieee ettt s 4-2
424 Inclined Surfaces in ISOMELIIC .....c.eecviveieriieriieieeiereeie ettt s 4-3
4.25  Oblique Surfaces in ISOMELIIC ......c.eecvrruieriieriieieeiiesieie ettt 4-4
4.2.6 Circles and Arcs Using an [sometric Template ........c..ccccevveevenieniiinennenienieneeieeeee 4-4
4.2.7  Sketching and Drawing Circles and ATCS ........cceceevierienirieniieiierteeee et 4-6
4.2.8  Sketching or Drawing Ellipses on Non-isometric Surfaces .........c..ccoceveeeveriieneeneenienns 4-8
4.2.9  Sketching an Irregular EIlpse OF CUIVE .....cc.oeiiiiiiiiiiiienicresieseei et 4-9
4.210  EXPlOAed VIEWS .oeiiiitiiiiitieiieite ettt sttt et ettt 4-9
4.211 Isometric Assembly Sketches and DIrawings ...........ccecceeeeecvereenieecieneenieesenseeseeseenees 4-10
4.2.12  TSOMELIIC PrOJECLIONS ..eoviviieeieiieiieieeieseeste et ete st e et e e e see e se et e essesseesseenseessessnensens 4-10
ODbLique DIaWINES ........ooiiiiiiiiiiiiie ettt ettt ettt et e e et e s bt e s bt e beeateebeesbeenbeas 4-12
4.3.1  ODUQUE VIEWS .oeiiiiiiieieeieeiieieete ettt ettt et eteeste st esae e teenteestesseanseensesnsenseensens 4-12
4.3.2  Cabinet and Cavalier Oblique Drawings ......c..cc.cecceverereeirnienienieneneneneneneseneeeenes 4-13
Perspective DIawings ..........cccccooiiiiiiiiiiiiiiieiteeeeee ettt ettt et 4-14
4.4.1  PersSpeCtiVe OVEIVIEW .....eeiiruieriiiiiieieiitesitente it stestt e it e teeatesate s bt enteestesstesbeenbeensesseenseas 4-14
4.4.2  One-Point PErSPECTIVE ....ccceeiiiriiiiiiiiiiiesiteiee ettt ettt ettt e iee v 4-14
4.4.3  TWO-PoInt PErSPECTIVE ...ooiiiuiiiiiiiiiieiieete ettt st s 4-16
444 Layout of the Object and Picture Plane ...........ccccoceiiiiiiiiniinnineeeeeeeeee 4-17
445  The Measuring LN .......cccceceeiieiiiiiiinienieese sttt sttt 4-18
4.4.6  The HOTIZOMN ...ooiiiiiiiiiiiii ettt ettt s sb e st eae et et nes 4-19
4.4.7  The Station POINt .....ccccociviiiiiiiiiieece ettt 4-20
4.4.8  Vanishing POINES ......cccceciveieiieiiiiiee ettt sttt e e e e ensesssessnensens 4-20
O T o (o) 117 o) SRS 4-20
4410 ViISUAL RAYS .ooueiiiiiiiieiinieeeeeeet ettt ettt 4-21
4.4.11 Presentation Variables ........cccocceevieiieiiiinienieie ettt 4-22
4.4.12  ANGUIAT SUMTACES ..ocviviiriiriiiiiiiieiieecteetcerte ettt ettt s sb ettt ee 4-22
4.4.13  CUIVEd SUITACES ...oviitiiiieiieitiete ettt ettt ettt eat e bt et et e eaeesbeebean 4-23
4.4.14 Three-Point PErspectiVe ......ccceoiiiiiiiiiiiiniereee ettt et 4-25
Computer APPIICAIONS .........ccoooiiiiiiiiiiieii ettt et esaeee s 4-25
Sample Problem: Table Saw FiXture .............coccoiiiiiiiiiiiiteeeeeeeee e 4-25
SUIMIMIATY ..ottt ettt ettt e et e e s bt e sabe e bt e e s atesbtesbaesabeesabeesabeesabeesneeesee nas 4-25

CHAPTER 5 Sections and Conventions

5.1
5.2

g 0T QX0 LT 0 () | R 5-1

Cutting PIANE ........cocooiiiiiiii ettt ettt a ettt b e b et be s 5-1



vi Exclusive Bonus Content — Technical Graphics
5.3 SECHIOM LLINES .....oveiiiiiiiiieiiiie et e e e e e e e satae e e e e e sesasteeeeeeseensaseeesessssnnannees 53
5.4 J O T L BTl 5 (1)« R RRRRRPRRRt 5-5
5.5 5 BT | Tt 5 (1) (1SRRI 5-6
5.6 L0 ) 4 KT AT 5 (1] 1 TSSO 5-7
5.7 REVOIVEA SECHIOMS .....ooooiiiiiiiiiiiiiiiiieie ettt e ettt e e e e e e e e e e esatareeeeeeensrasreeeeeennes 5-7
5.8 ReMOVEd SECHIOMS .......ooooiiiiiiiiii ettt e et e e e b e e e e aaeeestbeeeeneseeessseeesnsseeans 5-7
5.9 BroKen-0ut SECHIOMS ...........cooooiiiiiiiiiiciie ettt ere et e e e b e e e eabaeestbeeeesraeesssaeesssaaaans 5-8
5.10 Sectioned ASSEMDBIIES ...............ooooiiiiiiiii e et e e e e e e b e e e ar e e e e 5-8
5.11 Sectioned Isometric Drawings ..........c...coccoooiiiiiiiiiiniiiiiceeee e 5-8
5.12 Conventional Breaks ..ot e e e et e e e e e e e 5-9
5.13 Conventional ReVOIULIONS ...............oooiiiiiiiiiiiiii e e ee e arreeeeeeene 5-9

5.13.1 Conventional Hole REVOIULIONS ...ccc.ueviiiiiiieiiiiieeee e eenaee s 5-10

5.13.2 Conventional Rib REVOIULIONS .....cccuveiiiiiiiiiiiiiiieieee ettt eeaaee e eennee e 5-10

5.13.3 Conventional Spoke REVOIULIONS ......ccceeieriieiiirieniieiieieeieeteiee e 5-11

5.13.4 Conventional Lug RevOIULIONS .......ccccoviioiieiiieieniieiieieeetee e 5-12

5.13.5 Hole, Rib, Spoke, and Lug Combination ............ecceeeuereererrierrieneereeeeseeseesieeee e 5-12

5.13.6  Alternate CrosShatChing ...........coccoeiiiriiriiiiiiinieeeee et 5-13
5.14 Sample Problem: Table Saw FiXture ...........c..cocoiiiiiiiiiiiiiiieeeeeeeeeee e . 5-13
5.15 SUIMIMATY ..eeiiiiiiieiiteeit ettt ettt e st e st te e st e e bt e e bt e ebeesabaesaseesaseessseebeeeseesabaessaesasaes senn 5-13

CHAPTER 6 Dimensions and Tolerances

6.1

6.2

6.3

6.4

6.5

6.6

INErodUCtiON .........cooiiiiiii et e s s 6-1
6.1.1  Dimensioning Standards ..........cccecceeieririiiriienieeeee et ees 6-1
6.1.2  Dimensioning PraCtiCes ........ccierieriierieiiirieeierieieeieeeeseeseeaeeaeseeeseeessesssesseesseessesnsesnns 6-2
Scaling and DImMEenSIONS ............ccccoiiiiiiiiiiiii ettt ettt sb ettt be s 6-2
6.2.1  TYPES OF SCALES ..eveuvieiiiiirieeiietetctete ettt ettt s sttt 6-3
6.2.2  Specifying Scales 0n a DIrawing ......c.cocceceeveeeeiinienieriinenenenene ettt 6-5
Dimensioning Basic Shapes ..o e 6-5
6.3.1  ASSUIMPLIONS cueerniiiieiieieeteeite et tent ettt et e bt e e eate et e esbe et e eatesbee bt ebeeabeeatesbtenbeeaesaaesaeeneas 6-5

PerpendiCularity .......coceoiiieeieiie ettt 6-5

SYIMIMELTY ettt ettt ettt ettt st et e et e e st e s bt e bt ebesabesbtesbeenbeeaaesaeenaes 6-5
6.3.2  SIMPIE SNAPES ..eevitiiiitieiieieeiete ettt ettt ettt st b e e bttt a et et aee 6-5

Rectangular PriSIMS ........cooieieiiiiiiiieieseete ettt 6-5

CYHNAETS ..viviiiieieeieeie sttt eteete st e e e te et e s teeste e b e sre e seessesssessaesseessesssesseessesssenseeses 6-5

Cone and FIUSTUM ....co.oouiiiiiiiiiiieieeeceee ettt 6-6
6.3.3  Simple Curved SNAPES .....cceccvieieeieiieeeeetee et ae e ens 6-6
6.3.4  Circular Center LANES .......cccceoterieiieriirieienienienicsieeieei ettt ettt st eb et ee 6-7
Placement of DIMeENSIONS ...........ccccooiiiiiiiiiiiiiiiieeeteteteee ettt s 6-8
6.4.1  CharacteriStiC VIEW .....ccieviieiiieiieriieiieieeitestteie et ente et et e e eseesstesb e e beeaesneesseenseensesneeses 6-8
6.4.2 Dimensions Should Be Grouped .........c..coceeverveerienienienininininineeeeeeeeeeteeeeesre e 6-8
6.4.3  Preferred LOoCatioNS ......cceevuiiiiriieieieeee ettt et 6-8
Dimensioning SYStEIMS ...........ccooiiiiiiiiiiiiiieeiienieerte ettt e st sbeesteesbtessatesbaesbeesateesaseeaees 6-8
6.5.1  Alignment of Dimension NUMDETS ........cccceoiiiiiiiiniinieiinieneeeeeeeetet e 6-8
6.5.2  Units Of MEASUIEINENL ...c.eouiiuiiiieieieieie ettt ettt ettt et e sttt ebe b ebe ettt e e eeenee 6-9
Standard PractiCes ..o 6-9

6.6.1  Lines for DIMENSIONING ......cceeeverieriieiiieienienieeieeteeeesseesseeseesesssesseesesssesseesseessesssenses 6-9



Exclusive Bonus Content — Technical Graphics vii

6.7
6.8

6.9

6.10

6.11

6.12

6.13
6.14
6.15
6.16

(3 N s {0 1 1T Ve (TR 6-9
6.6.3  Lettering and NOTES .....cecveeeierierieerrieteeieseesteeteseesseeseeesseeseesseeseesseessesssessesssesssesseensens 6-10
L S . 16 21031 1 RS SPSR 6-10
Planning and LAYOUL ............cccooiiiiiiiiiiiiiiiicteteeete ettt et ettt s 6-11
Functional Relationships ..ottt 6-11
6.8.1  Tolerance ACCUMUIALION ....cccueevveeruiriiieeiieeiteeeieesteeereestteesteeesteeeseessseessseessseenssesseens 6-11
6.8.2 Dimensioning to Finished SUrfaces ..........ccoccoovieiiriinieniiiiiiieneeeeeeeeeee e, 6-12
6.8.3  Dimensions for Locating Features on an ODJect .........cccecevieneenienrienienienenienie e 6-13
6.8.4  Procedure for Functional Dimensioning ...........ccecceceeerieienienienienienene e 6-14
Dimensioning on the COmMPUter ...............cccooiiiiiiiiiiiiiec e 6-14
6.9.1 A Layer for DIMENSIONS ...c.cccveiieiiieriieieiiesieerteeeeeeesreereesesseesseesseessesssesssesesssesssessees 6-14
6.9.2 Scaling @ CAD DIQWING ....cccevveriierierieniereesieeieeseeseesseseeseeesseessesssesssesseessesssessasssenns 6-14
6.9.3  Automatic DIMENSIONING ......c.eecverrierieeieriertierieeteeteseeseesseesesseesseesesssesseessesssesssessees 6-15
Other Standard Dimensioning SYStems ...........cccccoceiiiriiiiniiniiiniereeeeteseeseeeeee e 6-15
6.10.1 Datum Lines and SUITACES .......ccceeeiiiiiieeiiieiiiieeieece ettt e re e e e e eveeseaeeree s 6-16
6.10.2 Tabular DIMENSIONING ......coceeieierieniinienieneninteeeeteetet ettt st st sre ettt eeaenee 6-16
6.10.3  Other Design DiSCIPINES ....c.eevuiiiiiiiiiiiiiienieeeteetee ettt 6-17
Dimensioning for Interchangeable Parts ..............ccccociiiiiiiiiiiiiiiiineeceeeeeen 6-18
6.11.1 TYPES OF FILS ..ttt ettt ettt b e st st e e e 6-18
ClearancCe FitS .....ccceeciiiiieeiie ittt ettt ete e st e st e et e e st e etaesbaesnsaesnbeenssaens 6-19
Checking Fit CalCulations .........cccereriererinenieietetee ettt 6-19
INEEIfErENCE FILS ..oovviiuiiiiciiciiecieeieeteet ettt st e b e et e e e beesaeeraesseeseennenns 6-20
TIaNSIHION FIS .eoviiieciiiiieie ettt e e s e e e s e esaesnnesneens 6-20

6.11.2  StaNAard FitS ....cccoevieiiieieeieeee ettt et ettt e ena e neenrens 6-20
6.11.3  CylNAriCal FItS ....ccieiiieiiiieiieieeie ettt sttt te e s e et e et e s ense e seessessaenseensens 6-21
Basic HOLE SYSIEM .....ccuiiiiriiiiieiicieeieice ettt sttt 6-21

Basic Shaft SYStEM ....cc.eeiiriiiieiieieee ettt 6-22

Advanced Dimensioning TOPICS .........c.ccooiiiiiiiiiiiinieiiiieeeeeeeteee ettt 6-23
6.12.1 Metric Dimensioning With International Standards .........c..cccceeveerenienienennenneneene. 6-23
6.12.2  SUITACE CONIIOL ..iiuiiiiiieiieeiiecciee et et e ete e steeeeteeteeestee et eeebeessbeessseessseesseenseesnseasssenns 6-23
6.12.3  Geometric TOLEIANCING .......cooueruiiriiiiiieie ettt ettt st b et et saeesbeas 6-23
Principles of Good Dimensioning ...............cccccoeiiiiiiiniiiiiiiniiiieeeee et 6-23
Checking a Dimensioned DIawii ............ccoooiiiiiiiiiiniiiiiieieeieeeeete et 6-28
Sample Problem: Table Saw FIXtUIe ...........ccccoooiiiiiiiiiiieee e 6-28
SUIIMATY ...ttt ettt ettt et eeat et e et e e st e eb e e bt e bt eateeatesbe e beenbesasesseenbeens sae 6-29

CHAPTER 7 Dimensioning for Production

71

7.2

7.3

7.4
7.5

INEEOAUCTION ..ottt e e e e et e e e eeeraaaaaeeeeeeesaateeeeeessenasaeeeeeeenns 7-1
Manufacturing ProCesses ............coccooiiiiiiiiiiiniiiiiieteeeet ettt st e 7-2
7.21 Material REOIMAtION .....ccoivviuieiiiiiiiiiiiiieee ettt ee et e e e e s e eare e e e e e s ssnaaaeeees 7-2
7.2.2  Material REMOVAL ......ooiiiiiiiiiiiicceeeeee ettt e e e e e e s e earaar e e e 7-3
7.2.3  Material AAIION ....ovveviiiiiiiiieiieeeeeeeeee ettt e e e eear e e e e e seaaaaeeeeeesssnraaeeeeeas 7-5
7.2.4  ASSCINDLY PIOCESSES ...vecviieiiiiiiiieiiciesteeie e ettesteete et e see e teesesssesseesbeessesssessnesseensesssenens 7-6
Standard Tables fOr FIts ... e e eeeearrr e e e e e e e 7-7
7.31 Preferred Limits and FitS in INCHES .......oovvviiiiiiiiiieeie e 7-7
7.3.2  Preferred Metric Limits and FitS .......cccccoooviiiioiiiiiiiiee e 7-9
SUITACE COMLIOL .....ooooiinniiiiiiiiie ettt e e e e e e e e seataaeeeeesesasaareeeesennes 7-11

Geometric TOleTanCING ..........ccccooiiiiiiiiiiiiiie ettt s e e 7-14



viii Exclusive Bonus Content — Technical Graphics
7.5.1  Definitions and SYMDOIS ........cccveririieriieriiriiereriertereete st sre e esresee e esseesseessesseesenns 7-15
7.5.2  Datum RefErenCiNg ......ccoccveieriieriieieniesiesieesie e see e ete st ee e aesee e esseessesseesseensenns 7-16
7.5.3  Tolerances of LOCAtION .......cccueruieriiriiirieniieieeie ettt sttt st e st eee et e saeeseeeneeens 7-17
7.5.4  Tolerances Of FOIM .....coociiiiiiiiiiieieeieee ettt ettt 7-19
7.6 Sample Problem: Table Saw FIXture ..........c.ccoccooiiiiiiiiniiiiiieeeeeeeeee e 7-22
7.7 SUIMIMATY ..eeiiiiiiiieiieeteee ettt et e bt e s te e st e e bt e e bt e ebeesabaessseesaseessseeseeeseesasaessaesasaes senn 7-22

CHAPTER 8 Fastening, Joining, and Standard Parts

8.1
8.2
8.3

8.4

8.5

8.6

8.7
8.8

8.9

8.10
8.1
8.12

INErOAUCHION ..ottt ettt st sat e e st e st e e bt e e st e sabeeebeesateesane s 8-1
Serew-Thread TermS .........ccooiiiiiiiiiiiiieee ettt sttt et be e sbeesasee s 8-2
Other Properties of Threads ...t 8-3
8.3.1  Right-hand and Left-hand Threads ..........ccccoveeiiviiiieiiereceeee e 83
8.3.2  Screw-Thread FOIMS ......cccooiiiiiiiiiiiiieicneer ettt e 83
2 TV 1D U o) (TN 0 <Y T (USRS 8-4
R N S 1 (2 T BT 4 1< 8-5
8.3.5  Specifying a THread ........cccecieviiiiiiiniiniininineeee ettt 8-6
Threaded FAaSteners ...........ccoooiiiiiiiiiiieiee ettt et sr e s 8-7
84T SCIEWS ittt ettt ettt ettt ettt e a e e bt e bt et e e et e s bt e bt et e eate s bt e bt e bt et e sheenteetesaten een 8-7
8.4.2  Bolts, Nuts, Studs, and WaSherS .........oooiiiiiiiiiiiiiiiiiieieeee et e e seeaare e e e eens 8-9
8.4.3  Materials for FASIENETS .......coieriiiiiiiieiieieeteee ettt 8-11
Representing Threads and Fasteners on Drawings ...........c...ccocccoviiiniiinienniiiiniennieenneeneeen. 8-11
8.5.1  Detailed Thread SYMDOLS ......c.coeiiririiiiieieeee et 8-12
8.5.2  Schematic Thread SYMDOIS ......c.cccveviiriiiiiiiieeee et eeens 8-13
8.5.3  Simplified Thread SYMDOIS ........ccceeriercierieieieee ettt seaeeeens 8-14
8.5.4  Drawing Screw Heads and NULS .......cccceveveriiriiniinieiiereeeeste e see et seesseeseesnesseens 8-14
8.5.5  SPECifying FaStENErS ......cccceeieriieiieieeiieeeiee ettt sttt ettt ae et e s e seeeneeens 8-15
Other Mechanical Fasteners .............cccooiiiiiiiiiiiiiiiiiieieeee ettt 8-15
2 T O L)1 SRR SR 8-16
B.6.2  PANS .ottt ettt h e a et a et e st et et e teebeeaeene et ent et esens naens 8-16
B.8.3 KOy ittt ettt st e e 8-17
8.6.4  Retaining RINGS ...cc.eoviiiiiiiiiiieiieeee ettt st st 8-18
Other Machine EIEmMEnts ............ccccooiiiiiiiiiiiiiiinieeeeeteet ettt ettt e saee e 8-18
Thermal ProCesSes ...........cccooviiiiiiiiiiiiiieiieete ettt ettt sttt esae e st esaaessbeeesaeeeane 8-20
8.8.1  WElding PrOCESSES ..c..eeuiruiiuieiiiieietesieie sttt ettt bbbt bt e seenean 8-20
8.8.2  Specifying Welds 0n DIaWings ........ccccceeevereerirrerieriereesteseeseesseesseseesseesseessessaesseens 8-22
8.8.3  Soldering and Brazing ..........ccecceeievuieiiieiinieiieiesieseeseeieete e se e saessee e seenesnnenns 8-23
ARESIVES ..ottt ettt st sttt e st e bt e beeeree st eane 8-24
8.9.1  Principal Types Of AdNESIVES .....cceerierrieriieriieiiiie ettt ettt eneeseeeneeens 8-24
The Future of Fastening and JOining ...............ccccooiiiiiiniiiiiniiiieneeeeeseeeeeeeeniens 8-25
Sample Problem: Table Saw FIXture ..........c.ccoccooiiiiiiiiniiiiieeec e 8-26
SUIMIMATY ..oiiiiiiiieiiteeeeeee ettt ete e st e st e e st e e bt e s bt e ebeesabaesabeesaseessbeesteeseesasaessaesasaes aenn 8-26

CHAPTER 9 Production Drawings

9.1
9.2
9.3

INErOAUCHION ..ottt ettt st e s e e st e st e e bt e e bt e sabeeeabeesabeesane s 9-1
Applications of Production Drawings ..............cccccoiiiiiiiiiiiiiiiniieeeeeeeeeceeeeee e 9-12

Types of Production Drawings ..............ccccooiiiiiiiiiiiiiiiiiieeeeeeeeeee e 9-12



Exclusive Bonus Content — Technical Graphics ix

9.3.1  Orthographic Detail DIawings .......c.ccocccererenerinininieieeetetestenesesiesie e 9-12

9.3.2  Sectioned AsSembIlY DIaAWINGS .......ccceevvireierierieriieieeieseeieeteseesseesessessesseessessesnes 9-13

9.3.3  Pictorial Drawings and Diagrams ............ccceceerieriieiienienienieeiesienteeieeee e seesseeee e 9-14

9.3.4  Drawings for Other DiSCIPIINES .....ccccoevireriririeieieicieenteneneeeeee ettt 9-16
9.4 CAllOUES ..ottt ettt st b et e st e bt e s bt et eab e e be e bt et e eabesba e bee tesue 9-19
9.5 Identification of Measuring URNItS ............ccoooieiiiiiiiiniiiiiiieieciecee et 9-19
9.6 Paper Sizes for DIaWIngGS ..........cccooiiiiiiiiiiiiiieeeee ettt saaesbae s 9-20
9.7 THEIE BIOCKS ..ottt sttt ettt s en s 9-21
9.8 REVISIONS ..ottt e e e 9-24
9.9 Parts LISt ....o.oooie ettt e e 9-24
9.10 General NOES ......cocooiiiiiiii ettt e s st e 9-25
9.1 Applications of the CAD Database .............cccooiiiiiiiiiiiiiiieee e e 9-26
9.12 FIow of INfOrmation ............cccooiiiiiiiiiiiiiiete ettt sttt 9-29
9.13 Accompanying Written Specifications .............c..coccooiiiiiiiiiininieee e 9-30
9.14 Sample Problem: Table Saw FIXtUIe ..........ccccooiiiiiiiiiiiiieceeceeeeeeeeeee e 9-30
9.15 SUIMATY ..ottt ettt sttt ettt sb e et e bt eateebe e bt et e eabeebaesbeenbeeabesmaesbeenbeens suee 9-31

CHAPTER 10 Three-Dimensional Geometry Concepts

10.1 INtroduction ..........ccoccoiiiiiiiiiiii e 10-1
10.2 Applications of DesScriptive GEOMELTY ...........ccccooiiiiiiiiiiiiiiiiienieeieete ettt siee s e sreenaee 10-8
10.2.1  Problem-solving SKillS ........ccooiiiriiiiiiiiiee et 10-9
10.2.2 Developing Visualization SKillS ........cccceceiiriieiiinininineeceeteeeeee e 10-10
10.3 OPETAIOMS .....c..oiiiiiiiiiiieee ettt ettt e st e st et et e sb e e bt e beeste s bt e beenbesnbenbeenees 10-10
10.3.1  The Direct MEthod .......coceeiiiiiiiiiiiinieeeeeeeeteeee ettt 10-10
10.3.2 The Glass Box: Fold Line Method ........cccccevieniiniinininenininnceteeeeeteeeeee e 10-13
10.4 Line RelationShiPs ........c..coooiiiiiiiiiiiiiiiiit ettt st 10-15
10.4.1  PrinCipal LINES ....co.eeveruiriiiiiiiieieieietestenc sttt ettt 10-15
10.4.2  INCHNEA LINES ..eooviiiieieiieeieieeie ettt ettt ettt et e e enee et e seensean 10-15
10.4.3  ODLIQUE LINES ...ooitiiiiiiiiiiitieieete ettt ettt et ettt e e st e sbee b s 10-15
10.4.4  Parallel LiNes .....cc.oooieiiiiiiiiiiiieieeeste ettt ettt ettt 10-18
10.4.5 Perpendicular LiNeS ......c.ccoocoiiiiiiiiiiiienieieee ettt st 10-19
10.4.6  Angular Relationships ........cccooeririiiiiiieee e e 10-20
10.4.7  APPIICALIONS ..ouvitiiiitieiiitieiiete ettt ettt ettt et et et e et et e b s b ebeebe e et bt et et enes 10-21
10.5 Plane and Line Relationships ... 10-22
10.5.1  PrinCipal PLAneS ......ccccevciiiiiiieieeie ettt ettt sse e enneennees 10-22
10.5.2  INCHNEA PIANES ....ooveriiriiiiiiiiiieieieeeee ettt st 10-22
10.5.3  ODLqUE PIANES ...oveeniieiiieiecieieee ettt neene s 10-27
10.5.4 Lines Parallel t0 Planes .........cccoevieiiiiiirieeee ettt 10-29
10.5.5 Lines Perpendicular to Planes .........ccccoceeririenieniinienieneninieneneeeeeeceeeeeecee e 10-30
10.5.6 Angles between Lines and Planes .........ccocecvevereneninenininnceieeccececeseseennene 10-30
10.5.7 Lines Intersecting Planes .........cccccooiiiiiniiniiiiiiiieeeeeete e 10-33
10.5.8 Planes Parallel to Planes ..........ccccooviiiiiiiiiiiiicneeeee ettt 10-34
10.5.9  Dihedral ANGIES .....co.eiiiiiiiiieieeeeee ettt 10-34
10.5.10 Planar INTErSECTIONS ....c.ceueeutiieierieieriesteeteet ettt ettt ettt see bbbt et ese et eneenee 10-35
10.5.11 Plane-Solid INErSECIONS .......coerteriirueriiniiieiietetete ettt 10-36

10.5.12 Solid-Solid INtEISECHIONS ....eeiivriiiieeeieeeieeeeeteee et e e e et eeaee e e eteeeeeaeeeeenreeeeneees 10-39



X Exclusive Bonus Content — Technical Graphics
10.6 CUIVEd SUTTACES ......oiiiiiiiieie ettt b ettt e b e besatesaeenaes 10-40
10.6.1 Line-Cylinder INtErSECHONS .....eevvieverererierieeierteseeseesteseeseeesseessesnesssesseessesssessesssenns 10-43
10.6.2 Line-Cone INtErSECTIONS ....ceeeveeriierieeiertieieesieeiesteesteesteeeeeseeesteeeeeneeseeesseensesneesseenseens 10-44
10.6.3 Line-Sphere INtErSECtIONS ......coevveririireriririeeietctetetentene ettt een 10-45
10.6.4 Plane-Cylinder INtErSECIONS .......cccerverireeuirieteietetenientese ettt teneneenees 10-45
10.6.5 Plane-Cone INTErSECHIONS .....eevuieiuieiieriertieitieieete sttt ettt e et ete st e e e eesaeesaeeneens 10-46
10.6.6 Cylinder-Cylinder INtErSECtiONS ......cccueeierueirierrieiienieie ettt ettt ettt 10-47
10.6.7 Cylinder-Right Circular Cone INtersection ........c.ccecceeveereenirienieneeneeieeeeseeseene 10-48
10.7 Sample Problem: Table Saw FIXture .............ccccoccoiiiiiiiiiiiiiceeeeeeeceeee e 10-49
10.8 SUIMMATY ..ottt sttt et st sa ettt e n e s ane s e b e e s e sane s e ennee oo 10-50

CHAPTER 11 3-D Geometry Applications

1.1
11.2

11.6
1.7

INEFOAUCTION .....ooiiiiiiiiiiiiii ettt b e b e et s e st e e et sate s bt enbeeeesaee e 11-1
Pattern DevelOPmMENts ............ccoccoiiiiiiiiiiiiiiiiieeteeee ettt ettt 11-1
11.2.1  Principles and EXamples .......coccoeriririririiicieictccceeseeese ettt 11-1
11.2.2  RIGHE SOIIAS .eeuveiiiieieiieieee ettt ettt et ae 11-2
11.2.3  CYIINAETS oottt ettt sttt ettt se b nae e 11-6
D124 COMLS ittt ettt b e bt et e s e s bt e bt et e e abesbtesbeenbesatesaeenbeentesatenae 11-10
11.2.5 Pyramids and Tetrahedrons ...........cceeceeieriiieriieiieneee ettt 11-11
11.2.6  Transition PIECES ......cociiiiiiiiiiiieie ettt sttt 11-12
11.2.7 Models From Intersecting Solids .........ceceviiriinienininineneeeeeee et 11-13
11.2.8  APPICALIONS .uviiiieiiiieiieiieiet ettt ettt ettt be b bt s bt sbeebe et et e e enean 11-16
Maps and Contour PIOtS ............cocooiiiiiiiiiiiiiieeeeee ettt 11-16
11.3.1  Map INErOAUCHION ..ottt et te et s e sne e aeesaesseessaenseensenns 11-17
11.3.2 Concept of Representing EISVation ..........ccceceeeeercierieniieiieiereeieeeeeeeeeee e . 11-22
11.3.3  Sections or Profiles and Applications ..........ccceceeeeerierirrieeiieniereesie et 11-22
VeCtor GIaAPRICS .......coouiiiiiiiiiii ettt ettt s 11-23
11.4.1  Vector Addition and SUbraction ...........cccceeeerieriierienieie et 11-24
11.4.2  APPIICALIONS ..oveiiiieiiiiiiiteettee ettt ettt et b et et st e s bt e aeeeesatesbeeteeneeeae 11-25

Statics: Two-Dimensional, Single-Joint Problem ............ccoccovviiniiiiniininninnnnne 11-25

Statics: Two-Dimensional Truss ANalysis ........ccoceererrerierienennieeiesienieeseeeeae 11-27

Statics: Three-Dimensional ANalysis .......cccocevererereniiniieieeiee e 11-27
Shades and Shadows ..ottt 11-28
11.5.1 Shade, Shadows, and the Standard Light Ray .........ccccoceiiiiiiiiiinininnececee 11-28
11.5.2  OrthographiC VIEWS .....cccuieiirieiiieiieeierierieetesteseestesteseeesseessesssesseesssesseensesssessesnsenns 11-29
11.5.3 Shades and Shadows in Isometric Pictorials ........c..cccevervievieniiieninenininencncnceee 11-37
11.5.4 Shades and Shadows in Perspective Pictorials .........cccoccevvierievincienieenieieeieeeeseene 11-40
Sample Problem: Table Saw FIXtUre ..........ccccoocooiiiiiniiiiiiiieeeeeteeeeeeeeeseeeee 11-42
SUIMATY .ottt ettt b et e et sbt e sbe et e e st e s bt e nbee bt enteebaenbeenbeensenaee vee 11-42

CHAPTER 12 Graphical Presentation of Data

121
12.2

INtroduction ..o 12-1
Charts and GIAPRS .........cccooiiiiiiiiice ettt ettt e s bt e s ae e sabeesaaessaeesssaesnne 12-1
12.2.1  Classes of Charts and Graphs .........ccccecceieiiiiieiieieneeeee e 12-1
12.2.2 Typical Uses of Charts and Graphs .........ccccooevererenininieneneneeeeetee e 12-2
12.2.3 Types of Graphs and Their USES ........ccecieriirierienienenienieeesieseeice ettt 12-4

533 TR G 1) 4 TP 12-4

Multiple-Line GIaphs ........cccoccverieiieecieriereeie ettt se e sseeseeaesnees 12-5

Multiple-Scale Graphs .......ccoccvereerieeiieeiereeie ettt te et eese e saesseeseesaenneas 12-5



Exclusive Bonus Content — Technical Graphics Xi

123
12.4
12.5

PIe CRAIS ..ottt ettt sttt 12-6

POlar CRArtS ....co.eeieieieieeete ettt ettt et 12-7

Bar Charts ....co.coeeieieieicieeeeneeee ettt ettt ettt 12-8

SUITACE ChAITS ..evervieiiieeieiieieeere ettt 12-9
Three-Coordinate Charts ...........cocceeeeveerienienenenineneneecre ettt 12-9

Tri-lNEAr CRAITS ...ooviiiiiiiieiieieeite ettt sttt 12-10

12.2.4  Plotting @ GraAP ....eeouiiiiiieiieeeee ettt sttt ettt sttt st 12-11
Selecting the Type of Graph .........ccooieiiiiiiiiniiiieeee e 12-11

Selecting a Size for @ Graph .........ccccooieiriiiieieeeee e 12-11

Selecting and Calibrating a Scale ..........ccoceevierieieneniniineeeeeeeeeee e 12-12

12.2.5 Adding Titles and Labels ........cccocooiiiiiiiiiiieieeeeee e 12-14
Chart/Graph T .....eeveeieriieiieieeieseee ettt ete et eesaeseesreesseessessnesseenseens 12-14

Labeling the AXES ..ccveecvieieriieiieieeieseeieectestesteesesaesssesseessesneesssenseessesssesseessenns 12-15

12.2.6 Modeling Empirical Data (Data Scatter) ........c..coceverereriereeierienienienieneneneseseeene 12-16
Best-Fit MEthOdS .....cccoeriirininirieieeeeceeeteesteeseereee et 12-16

TYPEs OF DAta ...coueeuiiiiiiiiiiriere ettt e 12-17

12.2.7 Computer-based Chart and Graph Programs ..........ccccccceevieniiiinninienieneeneeiceeee, 12-17
Merging Text and Graphics by COmMPULET ...........cccceeviiiiiiiiiiiiieneeieceeeee et 12-20
Sample Problem: Table Saw FiXture .............coccoiiiiiiiiiiiiiiiiicecece e 12-23
SUIMIMATY ..ottt ettt st e et e st e e s ate s bt e e bt e s bt e sabeesateesabeesseeensaesseesare b 12-23

CHAPTER 13 Design Process

131

13.2

13.3
13.4

13.5
13.6

INEFOAUCTION ......ooiiiiiiiiiiieie ettt ettt sttt et et s bt et e et et eeatesbeeeeeateas 13-1
13.1.1  Product Design and Systems DESIZN .......ccceevveecierieriierieerieeieseereesiesreseeseeessesnessnenes 13-2
Scientific Method ..ottt et st 13-4
13.21  Determine @ NEEA .....occveeieiiieiieiieiereee ettt et sae et ae st e saeeseeeeens 13-5
13.2.2 Establish Known Information ..........c.ccoeceerieienienieiieieniesceieee e 13-6
13.2.3  Stimulate Design CONCEPLS ....ccevverrerriririririieietetentetentestesre sttt seesaeseeneens 13-6
13.2.4 Investigate Design Concepts With Analytical ToOIS .........ccccerviriiniiniiiiiineeeee 13-7
13.2.5 Gather and Review Investigation Data ...........ccccoeieiiiiiniiniiiniieeieeeee e 13-8
13.2.6  NOW TeSt the DESIZN ...eooiiiiiiiiiiiiieiteeee ettt st 13-8
13.2.7 Propose to Accept, Modify, or Reject the Design .......ccceceeieiienienencniencinencccecee 13-9
13.2.8 Render the Final Decision and Prepare Working Drawings ..........cccceceeeecienienieniennnne 13-10
13.2.9 Optimize Design by Iteration .........ccccceveeiriiiienieieiereere et 13-10
Lateral ThinKing ..........c.cooooiiiiiiiiiii ettt sttt 13-11
Presentation ..........ccccooiiiiiiiiiiiie ettt st st s 13-12
13.4.1  What Is Being Presented? .......ccoocvevveeieeienieieceeeeeeeeee ettt snees 13-12
13.4.2 Why Is the Presentation Being Made? .........cccoooieiirienienieieeieecee e 13-12
13.4.3 WhO IS the AUIENCE? ...coviieiiiieiieie ettt ettt sttt e s snees 13-13
13.4.4 When Will the Presentation Be Made? ..........ccecceeviirienienienenienieeee e 13-13
13.4.5 Where Will the Presentation Be Made? ..........ccccoeciriiniiiiniinienieeeeeeeeseee e 13-13
13.4.6 How Will the Information Be Presented? ...........ccccoovieiiiiiniiiiniiiieneeeeeeeeeee, 13-14
13.4.7 How Much Will the Presentation COSt? ..........cccoeerirenirinieierieienie e 13-14
13.4.8 Notes on Content of Presentations ...........cccecuererierenenenineneneeteeeteee e 13-14
Protection of DeSiNS ..........cccooiiiiiiiiiiiiie e e 13-15
A DeSiN ProbDIeI .....c..coouiiiiiiiiiiiiee ettt sttt sttt 13-16
13.6.1  Determine @ NEed ......cccocieiiriiiiiniiiiereeerce ettt 13-16
13.6.2  Establish Known Information .........c..cecceceeiieiieniiniinininininneeeeeeccteeeee e 13-16
13.6.3  Stimulate Design CONCEPLS ....ccevuerrirreruiririieiieieteiententente sttt saenae e 13-18
13.6.4 Investigate Design Concepts With Analytical TOOIS ......ccccceverenenenenerienereeeeene 13-20

13.6.5 Gather and Review Investigation Data ..........ccccceevveiienienienieieeiereeeee e 13-22



xii Exclusive Bonus Content — Technical Graphics
13.6.6  NOW TeSt the DESIZN ...veeuvieeiieiieiieieeieeeeee et ete st e e saesaesree e eseesseesaesseensenns 13-22
13.6.7 Propose to Accept, Modify, or Reject the Design ........ccoevevvevieeieneeneeieeieeeenieens 13-23
13.6.8 Render the FInal DECISION ....cc.eervieiieeieniieiieieeieeeeseceee ettt ee e neeeeens 13-24
13.6.9 Optimize Design by Ieration ..........ccceeeierieierrieiieniereeie et 13-25
13.7 SUIMIMATY ..ooiiiiiiiieiieieeete ettt e et e s te e sttt e sabeeteessaessseesssaessseessseenseesnseesssessnsesssesssseen oe 13-26
APPENDIX Tables
Table A1 Preferred Limits and Fits (INChes) ............ccccooiiiiiiiii e A-3
Table A.2 Preferred Limits and Fits (IMetric) .........ccccoiiiiiiiiiiiiiiiceee e e A-10
Table A.3 American National Standard Unified Inch Screw Threads ..............cc.ccccocennninnne A-14
Table A.4  Standard Coarse Pitch Metric Threads ... A-15
Table A.5 Standard Fine Pitch Metric Threads ............ccccoooiiiiiiniiiiiiieeeeeeeen A-15
Table A.6 Dimensions of Hex BOItS ............ccccooiiiiiiiiiiiiiee e A-16
Table A.7 Dimensions of Square BoIts ................cocoiiiiiiiiiiiiiieeeee e A-17
Table A.8 Dimensions of Hex Nuts and Hex Jam Nuts ............ccccoceiiiiiiiiniiniiniceccereeee A-18
Table A.9  Dimensions of SQUATE NULES .........cccccoiiiiiiiiiiiiiiieeeee et A-19
Table A.10 Dimensions of Hex Cap SCrews ..........cccccociriiriiiiniiinieniieeeieetene et A-20
Table A.11 Dimensions of Slotted Flat Countersunk Head Cap Screws ............ccocceveriencnncnnene. A-21
Table A.12 Dimensions of Slotted Round Head Cap SCrews ..........ccccoovivvviiniiiiniiinniiienieeneeeneeene A-22
Table A.13 Dimensions of Slotted Fillister Head Cap SCrews ..........cccoccevvviiniiiniiieniiienieenee e A-23
Table A.14 Dimensions of Hex Head Machine Screws ............cc.cccccoviniiiiininiinincencncnecnceeene A-24
Table A.15 Dimensions of Slotted Flat Countersunk Head Machine Screws .................c..c.......... A-25
Table A.16 Dimensions of Slotted Fillister Head Machine Screws .............cccccooviiniiinniiniinnnennnen. A-26
Table A.17 Dimensions of Square and Hex Machine Screw Nuts ..........c..cccocceerviiniiinnenniinnennnen. A-27
Table A.18 Dimensions of Slotted Headless Set SCIrews ..............cccceeveriiiiininienienieneeeeeeesee e A-28
Table A.19 Dimensions of Square Head Set SCrews ............cccoooeeiiiiiiiiiiiiiiiinieneee e A-29
Table A.20 ShoUlder SCTEWS .........cooiiiiiiiiiiiie ettt ettt sb et e et e sate s bt e beeneesaeas A-30
Table A.21 Dimensions of Preferred Sizes of Type A Plain Washers .............ccc.coccoviniinnncnnnne. A-31
Table A.22 Dimensions of Woodruff Keys ..........cccccocoriimiiiiniiniiniiienietceeeeeeeeee e A-32
Table A.23 Tap Drill Sizes —INCRES .......cccooiiiiiiiiiiiiiieeeeeeee et A-33
Table A.24  Tap Drill Sizes — IMELIIC .....c.coovuiiiiiiiiiiiiieieeteeeete ettt ettt e st esaneens A-33
Table A.25 Standard Welding SymDboOIS ............ccccooiiiiiiiiiiiiieiec et A-34

Table A.26

Fraction — Decimal Conversion Table ............ccccccovvvviiiiiiiiiiiiiiiii, A-36



	Front Cover
	Purchase Options
	Brief Contents
	Complete Table of Contents



