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Technical Drawings

Models
— Used for design and analysis
— SolidWorks, I-DEAS, Pro-E, ...

Component Drawings
— Used to specify fabrication or procurement of parts
— AutoCad, Pro-E, Solid Works ...

Assembly Drawings
— Used to specify assembly of parts
— AutoCad, Pro-E, SolidWorks ...

This lecture covers component drawings and tolerances

References
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ASME Y14.5M Dimensioning and tolerancing
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3-view orthographic projection
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Fig. 13.1 Three views of an object can be found by
looking at the object in this manner. The three views:
the top, front, and right side—describe the object.
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Views and projections
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Fig. 1310 Views of planes

TOP VIEW

xﬁ

FRONT VIEW R SIDE

A. The plane appears as an edge in
the front view and it is foreshortened
in the top and side views.
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Inclined planes

FRONT VIEW R sIDE

B. The plane is an edge in the top
view and it is foreshortened in the
front and side views.

o e e

FRONT VIEW

C. These two planes appear
foreshortened in the right-side view,

Each appears as an edge in either
the top or front views.



Fig. 1343 Missing lines

Step 1 Lines may be missing in alll
views in this type of problem. The first
missing line is found by projecting

the edges of the planes from the

front fo the top and side views.
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Hidden lines
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Step 2 The notch in the fop view is Step 3 The line formed by the
projected to the front and side
views. The line in the front view is a view by projecting from the side

hidden line.

beveled surface is found in the front

view,



Holes and cylinders

Fig.13.14 Center lines are used to indicate the centers
of circles and the axes of cylinders. These are drawn as
very thin lines. When they coincide with visible or
hidden lines, center lines are omitted.
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Concentric cylinders

VISIBLE LINE

-CEMNTER LINE — HIDDEN LINE

BUSHING

Fig. 1316 Here you can see the application of center
lines of concentric cylinders, and the relative weight of
hidden, visible, and center lines.
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Auxiliary views

TOP VIEW

FRONT W

—,—NOT TRUE
| SHAPE

FRONT W

Fig. 151 When a surface appears as an inclined edge
In a principal view, it can be found true size by an
auxiliary view. The top view at a is foreshortened, but
this plane is true size in an auxiliary view at b.
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Auxiliary views
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FROMT WIEW (PARTIAL)

Fig. 15.6 When the object is drawn on a sheet of
paper, it would be laid out in this manner. The front
view is drawn as a partial view since the omitted part is
shown true size in the auxiliary view.
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A. PICTORIAL

Fig. 161 A comparison of a regular orthographic view with a full-section view

Section views

—

B. STANDARD VIEWS

of the same object to show the intemal features as well as the extemal

features.
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C. FULL SECTION VIEW
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Half section views

CUTTING PLAMNE =,

HIDDEM LINE
OMITTED .

.)' ;
/

' |

I

|I

|

|
o)

|

|

I

l

|
'J___
|

Ill
([
Ll | !

1

VIEW HALF SECTION

Fig. 1619 The cutting plane of a half-section passes halfway through the
object, which results in a sectional view that shows half of the outside and half
of the inside of the object. Hidden lines are omitted unless they are necessary
to clarify the view.
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Pictorial (3D)drawings

T L= e —rvae -
SR T — _—a—,—_ ]

—— _
“—PICTURE PLAMNE -

R =

C.PERSPECTIVE

A, AXONOMETRIC B. OBLIQUE

(ISOMETRIC]

Fig. 25.2 Types of projection systems for pictorials, (A
Axonometric pictorials are formed by parallel projecios
that are permpendicular to the picture plane. (B
Obliques are formed by parallel projectors that are
oblique fo the picture plane. (C) Perspectives are
formed by converging projectors that make varying
angles with the picture plane.
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Isometric layout

Fig. 25.28 Layout of an isometric drawing (simple)
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GIVEMN STEP |

Step 1 The object is blocked in
using the overall dimensions. The
notch is removed.

J. H. Burge
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cers T

Step 2 The inclined plane is
located by establishing its end
points.

STEP 3

Step 3 The lines are streng‘rhenedh

complete the drawing.

14



Isometric drawings (2)

Fig. 25.29 Layout of an isomefric drawing (complex)

e e ]

-""'—‘W|—"'-

———— [ ]
———— [

GIVEN STEP | STEP 2 STEP 3

Step 1 The overall dimensions of the  Step 2 The second notfch is removed Step 3 The final lines of the i
cbject are used to lightly block in the  using dimension H,, are strengthened.

object. One notfch is removed by using
dimensions taken from the given views.
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Cylinders in isometric

— 150. AXES

e ol ffrﬂﬁ—t“\
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Sl

STEF' I STEP 2 STEFP 3

Fig. 25.40 Cylinder: four-center method

Step 1 A rhombus is drawn in isometric at each end of
the cylinder’s axis.

Step 2 A four-center ellipse is drawn within each
rhomibus.

Step 3 Lines are drawn tangent to each mhombus to
complete the isometric drawing.
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Linear dimensions
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FIG. 1-2 MILLIMETER DIMENSIONS
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Angular dimensions
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FIG. 1-1  ANGULAR UNITS
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Grouping of dimensions
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d 80 ——fi
ik 20 Lo B 20 -
I 1.7.1.1
FIG. 1-6 GROUPING OF DIMENSIONS

P ———— &80 f
= 20 ot 20 ot (20) =
1.7.7
1.76
1.3.10
FIG. 1-17 INTERMEDIATE REFERENCE DIMENSION
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Application of dimensions
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FIG. 1-4 APPLICATION OF DIMENSIONS
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FIG. 1-6 SPACING OF DIMENSION LINES
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Staggered dimensions

et 54 =
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1.7.21

1.7.1.2

FIG. 1-7 STAGGERED DIMENSIONS
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Leaders

X @8
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SURFACE PER
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FIG. 1-12 LEADERS
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FIG. 1-14 MINIMIZING LEADERS
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Diameters, radii
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FIG. 1-13 DIAMETERS
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FIG. 1-20

RADII
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Tolerances
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(b) Bilateral tolerancing

[2:2]
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FiG. 2-2 PLUS AND MINUS TOLERAMNCING
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Can be specified in Title Block of drawing

Default tolerances

v
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UMLESS OTHERWISE SPECIFIED
OMENSIoNS sEN oS | T NG OPTICAL SCIENCES CENTER
DRCIMALS XX s D10 ) /g UNIVERSITY OF ARIZONA
s e APPROVALS DATE _ SIZE TITLE
MATERIAL DRAWNBY:| MF | 3/15/2006 B LINK 1, CC POLISHER
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Specification of datum

Daturm identitying lelter
; EI;L]
o %

Datum feature triamgle may be filled or not filled.
Leader may be approprialely directed to a festure,

| 3.3.2

FIG, 3-2 DATUM FEATURE SYMBOL

3.3.2

J.H.Burge  fg 3.3 DATUM FEATURE SYMBOLS ON A FEATURE SURFACE AND AN EXTENSION LINE
University of Al __ ___



Datum reference frame

Datum axis
Datum point a0’

Diraction of measurements

. .:E-:EE:E: 90 Datum axis

90 ta : R
£ g
-r""—ll & : - o *
R‘_ .
,..-\*'\ P .
- - Datum planes
= origin of
Datum axis meaasurament 320
4.1

J. H. Burge

FIG. 4-1 DATUM REFERENCE FRAME

University of Arizona
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Reference to datum

Gaometric
characteristic

symbol —\ [ Tolerance

| ¢ oo05M@|C

_/ \— Datum referance
Diameter symbaol latter

Material condition
symbol

3.4.2

FIG. 3-20 FEATURE CONTROL FRAME INCORPORATING
A DATUM REFERENCE

MMC = Maximum Material Condition

LMC = Least Material Condition
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Modifying symbols

TERM SYMBOL | SEE:
AT MAXIMUM MATERIAL CONDITION ™ 3.3.5
AT LEAST MATERIAL CONDITION O 3.3.5
PROJECTED TOLERANCE ZONE ® 3.3.6
FREE STATE ® 3.3.19
TANGENT PLANE ) 3.3.20
DIAMETER 7)) 3.3.7
SPHERICAL DIAMETER S@ | saz
RADIUS R 3.3.7
SPHERICAL RADIUS SR 3.3.7
CONTROLLED RADIUS CR 3.3.7
REFERENCE () 3.3.8
ARC LENGTH —~ 3.3.9
STATISTICAL TOLERANCE (ST) | ss0
BETWEEN <« | 33

J. H. Burge
University of Arizona



J. H. Burge

University of Arizona

Geometric characteristic symbols

TYPE OF .
TOLERANGE CHARACTERISTIC SYMBOL SEE:
STRAIGHTNESS — 6.4.1
FOR ELATMESS /7 6.4.2
INDIVIDUAL FORM
FEATURES CIRCULARITY {ROUNDNESS) O 6.4.3
CYLINDRICITY A 6.4.4
FOR PROFILE OF A LINE i 6.5.2 (b)
INDIVIDUAL
OR RELATED | HOTILE PROFILE OF A SURFACE Yy 2
FEATURES u 6.5.2 (a)
ANGULARITY = 6§.6.2
ORIENTATION | PERPENDICULARITY | 6.5.4
PARALLELIEM ‘IH':!'J 6.6.3
FOR POSITION -$ 5.2
RELATED
FEATURES LOCATION CONCENTRICITY @ 5.11.3
SYMMETRY — 5.13
CIRCULAR RUNOUT A 6.7.1.2.1
RUMOUT
TOTAL RUNOUT A" | etz
+ AHROWHEADS MAY BE FILLED OR NOT FILLED [3.31
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Definition of cylindrical OD datum

THIS ON THE DRAWING

4.6.3

4.4.2

4.2.1

1.3.35

MEANS THIS

F\__.___“_________-.'_____‘-—""-

Datum feature simulator

NOTE:

e

Workpiece

——

b

Datum axis A
{Axis of true

geometric counterpart})

—

Datum feature A

Simulatad datum featura
not shown for clarity

True geometric
counterpart of datum
feature A

(Smallest circumscribed
cylindar)

FIG. 4-11 PRIMARY EXTERNAL DATUM DIAMETER — HF’S

RFS: regardless of
Feature Size
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Definition of cylindrical ID datum

THIS ON THE DRAWING

LA a53

4.4.2

4.2.1

MEANS THIS

Datum featura A

Workpiace

'

True geometric counterpart

N

Datum feature simulator

Datum axis A
(Axis of true
geometric counterpart)

of datum featura A {Largest
inscribed cylinder)

F

NOTE: Simulated datum feature
not shown for clarity

FIG. 412 PRIMARY INTERNAL DATUM DIAMETER — RFS
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Concentricity

THIE ON THE DRAWING

I 1]
52525_0_5 -
EIErnn

—

@14 D

| 5122

MEANS THIS

Madian points of
dimmetrically -
opposed alerments

==

Datum axig &

26—

N |

A

0.4 AFS Coanial
folerance zonae within
which all madian poins
rmazat lia

FIG. B-68 ITEM DEMCTED M FIC. 686 CONTROLLED FOR CONCENTRICITY
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Circularity, Cylindricity

THIS ON THE DRAWING THIS ON THE DRAWING

S@25+0.4 pesos
oz
[6.4.31] \

MEANS THIS
A _|6.4.4.1
\ 0.25 wide tolerance zone
i \ |
\ , _-—__:’T_{
A -— - -
0.25 wide tolerance zone /
A
SECTION A-A
Each circular element of the surface in a plane The cylindrical surface must lie between two
passing through a common center must lie concentric cylinders, one having a radius 0.25
between two concentric circles, one having a farger than the other. The surface must be

radius 0.25 larger than the other. Each circular within the specified limits of size.

el of the surface must within the
speergief::ﬂ Iirni?s if sizg. >e " FIG. 6-10 SPECIFYING CYLINDRICITY

FIG. 6-9 SPECIFYING CIRCULARITY FOR A SPHERE

J. H. Burge
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Surface flathess

THIS ON THE DRAWING
/—4 £70.25

| 6.4.2.1
MEANS THIS
I 0.25 wide tolarance mnj
I e S ] =

¥ = =

The surface must lie between two parallel planas
0.25 apart. The surface must ba within tha
specified limits of size.

J. H. Burge FIG, -7 SPECIFYING FLATMNESS

University of Arizona



General

Surface parallelism

THIS ON THE DRAWING

012 [A]

e

Using tangent plane

| 6.6.3.1

MEANS THIS

[ 0.12 wide tolerance zone

Possible orientation
of the surface

ZI:latl..tm plane A

The surface must lie betweean two

J. H.

parallel planes

012 apart which are parallel to datum plana A. Tha
surface must be within the specified limits of size.

THIS ON THE DRAWING

0.1 A
2.58%0.25
6.6.1.3
3.3.20
MEAMNS THIS
L Tangent plane
[u.l wida
tolerancs
I Ione

A plane contacting the high points of the surface shall lie within two paraliel
planes 0.1 apart. The surface must be within the specified limits of size.

UNiVe. ey wr v viconin

FIG. 6-43 SPECIFYING A TANGENT FLAME
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Perpendicularity

THIS ON THE DRAWING

[_L[012 [A

e

I 6.6.4.1

THIS ON THE DRAWING

| |01z |A BI

ol

I
MEANS THIS Possible orientation

of the surface

0.12 wide
tolerance
Zone —

C l
\— Datum plane A

The surface must lie between two parallel
planes 0.12 apart which are perpendicular
io daturmn plane A. The surface must be
within the specified limits of size.

FIG. 6-34 SPECIFYING PERPENDICULARITY FOR A
PLANE SURFACE

J. H. Burge
University of Arizona

MEANS THIS

[6.6.4.1
4’ b— .12
Datum planes B
(Secondary)
i
1
£
,,.J--""'f— Datum plane A
{Primary)

0.12

The surface must lie betwean two paraliel
planes 0.12 apart which are perpendicular to
datum planes A and B. The surface must be
within the specified limits of size.

FIG, 6-36 SPECIFYING PERPENDICULARITY FOR A PLANE SURFACE RELATIVE TO TWO DATUMS
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THIS ON THE DRAWING

Parallelism for axis

THIS ON THE DRAWING

10.022
mmgm (10H8)

(#2005 @Al

[

— _— 0.12 [ A
™)
|
| 6.6.3.1
MEANS THIS

0.12 wide
s tolerance

zone

‘1
|

lbx Possible orientation
K of feature axis
Datum plana A

Regardiess of feature size, the feature axis must lie
betwean two parailel planes 0.12 apart which are
parallel to datum plane A. The feature axis must be

within the spacified tolerance of location.

University of Arizona

A
| 6.6.3.1
MEANS THIS
Possibla oriontation
|| of featura axis
D-a.mn!ar
Fe:lézre tolerance zone
allowed
- 10,000 0.05
10.001 0.051
P 10,002 0.052
Datum exis A # +
10,021 0.0m
10.022 n.ov2

Wheara the feature is at maximum material
condition (1000}, the maximum parallelism
tolerance is 0.05 diameter. Whare the feature
departg from its MMC slze, an increase in the
parallalism iolarance is allowad which is agqual 1o
the amount of such depariure. The feature axis
must ba within the specified tolarance of location.
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Runout

THIS ON THE DRAWING
A CXTIEY

- g5"+ 3

THIE OW THE DRAWING

6.7.1.2.2

6.7.1.3.1

-
6.7.1.3.1
6.7.1.2.3
B.7.1.2.1

MEANS THIS Singla circular

alamanis

o2 FiM

Datum Bxis &

"q
o

pant Applies 1o portion
of surlace indicated

[ErE———

Al any measuring position, sach clroulir elemen of
these surlaces must be within the specified runout
talarance (002 full indicator movement) whan the
pari i8 rotated 360° about the detem axis with the
indizaler fixad in & position normal to the true
geomatric shapa. The feature must be wilhin the
spacified Umits of slze.

(This conrods only the circular elemenis of the
surfaces, not the toflal surfaces)

MEANS THIS

0.02 FiM

Znnmm axly & ==
0.02 wide tolerance I

zone applies fo
antira (total)
surlace

The entira surdace muest lie with the specified runout
tolerance zona (0.02 full indicator movemant) when
ihe part s rolated 3807 aboul the delum axis with
tha indicatar placed at every location alang tha
surface in & position normal to the true geomealric
shape withou! reset of the indicator. The featura
musi be within the specified limits of size.

FIG. 6-47 SPECIFYING CIRCULAR RUNOUT RELATIVE TO
& DATUM DIAMETER

FIG. 628 SPECIFYING TOTAL RUMOUT RELATIVE TO A
FATUM DIAMETER
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Surface orientation

THIS ON THE DRAWING

| <foa]A]

6.6.2.1

2.12

MEANS THIS

0.4 wide tolerance zone

i\" Possible orientation

of the actual surface

/s

The surface must lie betwean two parallel planes 0.4
apart which are inclined at 30" to datum plane A.
The surface must be within the specified limits of
size. See figure 2-14.

atum plane A

FIG. 6-27 SPECIFYING ANGULARITY FOR A PLANE
SURFACE
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Profile tolerance

THIS ON THE DRAWING

>

(a) Bilateral tolerance

MEANS THIS
0.8 wide tolerance zone
equally disposed about the
true profile (0.4 each side)

Actual profile

@ Datum plane AX

True profile relative
to datum A
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Use of feature control frames

#1008 [A 8X_$7.9-8.1
o196 M43 X 1.5 8 [#[go1a®Aalc®|
94 66 / [elFerdn (X 457]
- gt [&goa@[e@]
L [#0.08@[A] — #2000 - 20.13 o
Z [o1afa[c]
P
[ 1 - ] El ;
44.60
&
5360 - - + (+)
35.5 '
] ‘ // J \ i
31.8
/7 P16
/] [~ Jo1]B] :
A | el
9.4
va
25.5
25.4 )
B =2 o —
. 413 - ﬁ!ﬁ'gg -
411
35
1.3.8

FIG. 3-25 FEATURE CONTROL FRAME PLACEMENT
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Basic dimensions

\ -
V7. N A, > N—
(\..r \J\\ )
Faat Fan? y ¥
v 4 *7 ——
Fas) Fant i
. . A |
S

(539} -H o)

(a) Basic dimensions
in polar coordinates.

9.19 —9.19

13 —f—nte—al-13

NOTE: UNTOLERANCED DIMEMSIONS LOCATING TRUE POSITION ARE BASIC

(c) Basic dimensions identified by a note.

I 5214

FIG. 51 IDENTIFYING BASIC DIMENSIONS
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Meaning of basic tolerances
Geometric Dimensioning and Tolerancing

Hole position may vary
but no point on its surface shall be
inside theoretical boundary.

Trua position

| ' Theoratical boundary-

(Virtual condition)
-84 minimum diameater of hole {(MMC)
minus the positional tolerance.

[5.3.2.1

FiG. -5 BOUNDARY FOR SURFACE OF HOLE AT MMC
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Tolerancing using basic dimensions

ax m+g.25
. m .
124 | /_l***lﬂtr.es@]ﬁ]ﬁ@lc@l

4 N 4
S

E 36 g 5 \\_ -
p22' 24

| & |poss@ale@[c@|

- — — e

IE.EJ.E

FIG. 5-4 POSITIONAL TOLERANCING AT MMC RELATIVE TO DATUM FEATURE CENTER PLANES

J. H. Burge
University of Arizona
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Example of multiple features

4% g&a*g'a——\\ N i
L& [gos@[a]B]C]
. ! 4]
.9__,
68X ;35*3'2

[®[Foi@[A[Blc)

PEWl
T 6% 60°]
\..{
Y
|
i
- 332
I 5.3.6.1

J. H. Burge FIG. 618 MULTIPLE PATTERNS OF FEATURES

University o1 Arizona
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Tolerance zones

az -t
.
: l'.fll_‘.r-
+,w
pr &
#0.8 tolarance zona [~
at LMC of 4 holes o |
|
@0.5 tolerance zone
at MMC of 4 holes | -
‘ = AR
. rat
“&T_j: Q’”
..-J_i' ,’J
@0.3 tolerance zone
at LMC of & holes ’-—
@0.1 tolerance zona h
at MMC of 6 holes r a0

£
)

%5

Datum plane B

L
LT
wmomec ez g

[53.6.1]

FIG. 517 TOLERAMCE ZONWES FOR PATTERNS SHOWM IN FIG. 5-16
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