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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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Technical drawings

Orthographic projection
Isometric layout
Dimensioning

Tolerancing



Orthographic vs. isometric drawings
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Orthographic projections

A method of projection in which an object is
depicted (or a surface is mapped) using
parallel lines to project its shape onto a plane.



Isometric drawings

e Allisometric sketches start by constructing the
isometric axes, which includes a vertical line for height
and isometric lines to the left and right, at angle angle
of 30° from the horizon, for width and depth.

* The three faces seen in the isometric view are the
same faces that would be seen in the normal

orthographic views: top, front, and side
120°.
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Inclined surfaces in isometric drawings

* Many objects have
inclined surfaces that are
represented by sloping
lines in orthographic
views.

* |nisometric drawings,
sloping surfaces appear as
non-isometric lines.

* To create them, their
endpoints, which are
found on the ends of
isometric lines, are joined
with a straight line.
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Basic steps for isometric drawing
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Cylinders in isometric drawings

— 190. AXES

STEP 1 STEP 2 STEP 3

Fig. 25.40 Cylinder: four-center method

Step1 A rhombus is drawn in isometric at each end of
the cylinder’s axis.

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

Step 3 Lines are drawn tangent to each rhombus to
complete the isometric drawing.



Bird’s eye vie vs. worm’s eye view
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Creating an orthographic drawing from

FRONT VIEW

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.



Views and projections
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Inclined planes

Fig. 1310 Views of planes
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A. The plane appears as an edge In B. The plane is an edge in the fop C. These two planes appear

the front view and it is foreshortened view and it is foreshortened in the foreshortened In the ng\t-squ view,

in the top and side views. front and side views. Each cppears as an edge in effher
the 1op cr front views.




Missing lines
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Step 1 Lines may be missing in all Step 2 The nolch in the fop view s Step 3 The line fomed by the

views 'n this type of problem. The first projected tc the front and side beveled surface is found in the front
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Holes and cylinders
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Fig. 1314 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.



Concentric cylinders

VISIBLE LINE

-CENTER 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.



Auxiliary views
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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.



Auxiliary views

TOP VIEW

+

"l

L Ty T T
| | | |
| | (|
L. Ll
| 4

FRONT VIEW (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.



A. PICTORIAL

Full section view vs. standard
orthographic view
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Fig. 164 A comparison of ¢ regular orthographic view with a full-section view
of the same object to show the intemal fectures as well as the extemal

fectures.




Half section view
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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 ckject. Hidden lines are omitted unless they are necessary
to clarify the view.



Types of projection systems for 3D
pictorial drawings

 Axonometric pictorials formed by parallel
projectors that are perpendicular to the
picture plane

* Obliques are formed by parallel projectors
that are oblique to the picture plane

* Perspectives are formed by converging

projectors that make varying angles with the
picture plane



Pictorial 3D drawings
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Geometric dimensioning and
tolerancing (GD&T)

* is a system for defining and communicating
engineering tolerances.

* |t uses a symbolic language on engineering
drawings and computer-generated three-
dimensional solid models for explicitly describing
nominal geometry and its allowable variation.

|t tells the manufacturing staff and machines
what degree of accuracy and precision is needed
on each facet of the part ?



Linear dimensions
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Angular dimensions
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FIG. 1-1  ANGULAR UNITS




- Grouping of dimensions
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FIG. 1-17 INTERMEDIATE REFERENCE DIMENSION



Application and spacing of dimensions

- 40—
— 20— .
I D 1: Ja
=\ €‘< L
\Jao\/ \—¢12

1.7.1.3

1.7.1

Min
10
Min

/ :ias;ble
'

PN
it !
IL«36

1.7

FIG. 1-4 APPLICATION OF DIMENSIONS
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Staggered dimensions
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Leaders

Leaders used to indicate where dimensions or
notes are intended to apply.

Leaders should be thin full lines, terminating
in arrowheads or dots.

Arrowheads always should terminate on a line

Dots should be within the outline of the
object.

The use of long leaders should be avoided.



Leaders and minimizing them
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Diameters, radii

FIG. 1-19 DIAMETERS
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Tabular dimensions
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Tabular dimensions

HOLE | DESCRIPTION | QTY
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Tolerances
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FIG. 2-2 PLUS AND MINUS TOLERANCING



Default tolerance (mentioned on title box)
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Datum
* |n engineering and drafting, a datum is a
reference point, surface, or axis on an object
against which measurements are made.

Datum identitying letter

Z

Datum feature tnangle may be filled or not filled.
Leader may be appropriately directed to a feature,

7

3.3.2

FIG. 3-2 DATUM FEATURE SYMBOL



Datum symbols
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FIG. 3-3 DATUM FEATURE SYMBOLS ON A FEATURE SURFACE AND AN EXTENSION LINE



Datum reference frame
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FIG. 4-1 DATUM REFERENCE FRAME




Reference to Datum

Geometric
characteristic
symbol —\ /— Tolerance
| |Pgoos®™|C
A
Datum reference
Diameter symbol letter

- Material condition
symbol

3.4.2

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

MMC = Maximum Material Condition
LMC = Least Material Condition



Modifying symbol

TERM symsoL | SEE:
AT MAXIMUM MATERIAL CONDITION ™ 335
AT LEAST MATERIAL CONDITION ®» 3.35
PROJECTED TOLERANCE ZONE ® 336
FREE STATE ® 3.3.19
TANGENT PLANE O, 3.3.20
DIAMETER @ 3.3.7
SPHERICAL DIAMETER S@ | sa7
RADIUS R 3.3.7
SPHERICAL RADIUS SR 3.3.7
CONTROLLED RADIUS CR 3.37
REFERENCE () 3.3.8
ARC LENGTH —~ 3.3.9
STATISTICAL TOLERANCE (ST) | sz
BETWEEN <> | 33m




Maximum Material Condition (MMC)
& Least Material Condition (LMC)

 When a part feature contains the maximum
amount of material allowed within the
specified size limits, it's said to be in its
maximum material condition.

 When a part feature contains the least
amount of material allowed within the
specified size limits, it's said to be in its least
material condition.

 The material condition of the part is significant
in geometric dimensioning and tolerancing.



Example for MMC & LMC

* An external feature, such as a
fastener, is in its maximum material
condition when it's at its upper size

limit. , Fastener Hole
is.747. LMC = 744 s LMC =753

* Aninternal feature, such as a hole, is
in its maximum material condition
when it's at its lower size limit.

e EXAMPLE: The MMC of this hole is .
750.

» EXAMPLE: The fastener is in its least
material condition when it's at its
lower size limit of .744.

 The hole is in its least material
condition when it's at its upper size
limit of .753.

N\




Types of fit: Clearance fit

When the specified size limits of mating part features always result in
clearance at assembly, the parts are said to have a clearance fit.

EXAMPLE: In this drawing, even when the fastener is at its MMC size of .
747 and the hole is at its MMC size of .750, there is clearance

747 - 5016 ' 5003
5012

D 744
753

’TT@Jso




Types of fit: Interference fit

 When the specified size limits always produce interference at
assembly, mating part features are said to have an interference fit.

« EXAMPLE: In the center drawing, even when the fastener is at its LMC
size of .5012 and the hole is at its LMC size of .5007, there is

interference.
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Types of fit: Transition fit

When mating part features do not fit together in their maximum
material condition, but do fit at some point as they approach their
least material condition, they are said to have a transition fit.

EXAMPLE: In the drawing on the right, when the fastener is at its
maximum material condition size of .5003, it will not fit the hole at its
MMC size of .5000. However, when both features are manufactured at
their least material condition size, they will fit together.

A

——

T :
| |
: !
747 5003
~9 744 =@ 4007
5000
| i 2 5000
i




Geometric characteristic symbol

TYPE OF

O EARNGE CHARACTERISTIC SYMBOL SEE:
STRAIGHTNESS — 8.4.1
FOR FLATNESS a4 64.2
INDIVIDUAL FORM
FEATURES ciRcuLARITY (ROunoness) | () 643
CYLINDRICITY L | saa
FOR PROFILE OF A LINE 'Y 6.5.2 (b)
INDIVIDUAL
OR RELATED | PROFILE PROFILE OF A SURFACE =) 652
FEATURES 5.2(a)
ANGULARITY = 66.2
ORIENTATION | PERPENDICULARITY | 6.6.4
PARALLELISM // 6.6.3
FOR POSITION @ 5.2
RELATED
FEATURES LOCATION CONCENTRICITY O 5.11.3
SYMMETRY —_— 513
CIRCULAR RUNOUT X 6.7.1.21
RUNOUT -
TOTAL RUNOUT SN | eri2z2

« AHROWHEADS MAY BE FILLED OR NOT FILLED

| 3.3.1




Definition of cylindrical OD (outside diameter) Datum

THIS ON THE DRAWING

' 45.3
442

421
1.3.35

MEANS THIS NOTE: Simulated datum feature

not shown for clarity

-\.—\_’\_/_/

Datum feature simulator

True geometric

counterpart of datum
- = - foature A
Workpiece (Smallest circumscribed
§ BN W — cylinder)
V S T—\
Datum axis A Datum feature A RFS: regardless of

(Axis of true Feature Size
geometric counterpart)

FIG. 411 PRIMARY EXTERNAL DATUM DIAMETER — RFS



Definition of cylindrical ID (inside diameter) datum

THIS ON THE DRAWING

777777 [
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MEANS THIS
Datum feature A

Workpiece l

True geometric counterpart
- - - of datum feature A (Largest
inscribed cylinder)

Datum feature simulator

T

Datum axis A
(Axis of true
geometric counterpart)

NOTE: Simulated datum feature
not shown for clarity

FIG. 4.12 PRIMARY INTERNAL DATUM DIAMETER — RFS



Concentricity

THIS ON THE DRAWING
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Median points of
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FIG. E68  ITOM DOMCTED N AIC. 555 CONTROLLED FOR CONCENTRICITY




THIS ON THE DRAWING

Circularity s p2sz04

A [ohs
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6.4.31

MEANS THIS

A
@ \ \‘
A

0.25 wide toleranca zone
SECTION A-A

Each circular element of the surface in a plane
passing through a common center must lie
between two concenlric circles, one having a
radius 0.25 larger than the other. Each circular
element of the surface must be within the
specified limits of size.

FIG. 6-3 SPECIFYING CIRCULARITY FOR A SPHERE



THIS ON THE DRAWING

Cylindricity

6.44.1 H
MEANS THIS 0.25 wide tolerance zmj

&

The cylindrical surface must lie between two
concentric cylinders, one having a radius 0.25
'arger than the other, The surface must be
within the specified limitls of size.

FIG. 810 SPECIFYING CYLNDRICITY



THIS ON THE DRAWING

Surface STom
flatness /

—
| 6.4.2.1
MEANS THIS
r 0.25 wide tolerance zone
I e —

‘ 1 R

The surface must lie between two parallel planes
0.25 apart. The surface must be within the
specified limits of size.

FIG. 6-7 SPECIFYING FLATNESS



Surface parallelism

General

THIS ON THE DRAWING

/

0.12 |A

£6.6.3.1

MEANS THIS

-
-

Possible orientation
of the surface

[0.12 wide tolerance zone

zDatum plane A

The surface must lie between two parallel planes
0.12 apart which are paralle! to datum plane A. The
surface must be within the specified limits of size.




Using tangent plane

Surface

THIS ON THE DRAWING

parallelism

/r//lo.vmlaj

|

2682025

[

€.613
3320
MEANS THIS
Tangent plane J.
r—CM wae
10lérance
one

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.

FG. 6-43 SPECIFYING A TANGENT PLANE



THIS ON THE DRAWING

(L 012 A

Perpendicularity

10

MEANS THIS

I 6.6.4.1

Possible orlentation
of the surface

0.12 wide
tolerance
one

.

1
-{Datum plane A

The surface must lie between two parallel
planes 0.12 apart which are perpendicular
1o catum plane A. The surface must be
within the specified limits of size.

FIG. 5-34 SPECIFYING PERPENDICULARITY FOR A
PLANE SURFACE



THIS ON THE DRAWING

] |0.|2 IA ll

Perpendicularity J’

|66.41

MEANS THIS

- Datum plasa B
(Secendary)

The surface mJus: lie betwean two parallel
planes 0.12 apart which are perpendicular to
datum planes A anc B 1re suface must be
within the specifiaed limits of siza.

FG. 635 SPECIFYING PERPENDICULARITY FOR A PLANE SURFACE RELATWE TO TWO DATUMS



Parallelism for axis
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Runout

THIS ON THE DRAWING

THIS ON THE DRAWING

£7]0.02 | A

8.7.1.3.1

07122

MEANS THIS Single circdlaw

elements
0.02FIN

Datum axis A

_CX{ i

“.._—-—q

Aotate

part Applies 10 portion |
of surface indicated

|

7] 7 b

0.02 FIM

Al any measunng position, sach clrowar element of
these swiaces must be within the specifed runout
1olerance (0.02 full indicator movament) whan the
par is rotated 360° about the datum axis with the
indicator fixad in a position normal to the true
geometric shape. The feature must be within the
specited Nmits of size.

(This controls only the circular elemerts of the
surfaces, not the total surfaces.)

MEANS THIS

0.02 Fim

The entire surface must ke with the specified runout
tolerance zone (0.02 full ndicator movement) when
the pat is rotated 380" about the datum axis with
the indicator placed at every location along the
surface in a pesition normal to the true geometric
shape without reset of the Indicator. The feature
must be within the specified limits of size.

FIG. 547 SPECIFYING CIRCULAR RUNOUT RELATVE TO
A DATUM DWAMETER

FIG. 640 SPECIFYING TOTAL RUNOUT RELATIVE TO A
DATUM DIAMETER




THIS ON THE DRAWING

Surface
orientation

6621

212

MEANS THIS

0.4 wide tolarance zone

/2\1 Possible orlentation

of the actual surface

8

[ Datum plane A

The surface must lle betwoon two paralliel planes 0.4
apart which are inclined at 30" to datum plane A.
The surface must be within the specifiec limits of
size. See figure 2-W4.

FIG. 6-27 SPECIFYING ANGULARITY FOR A PLANE
SURFACE



THIS ON THE DRAWING

Profile tolerance TN

P—)

(a) Bilateral tolerance

MEANS THIS
0.8 wide tolerance zone

equally disposed about the
true profile (0.4 each side)

Actual profile

Datum plane A5

True profile relative
to datum A



Use of feature control frames
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FIG. 3-:26 FEATURE CONTROL FRAME PLACEMENT




Basic dimensions

P s S

919

9.19 ~—-|— 9.19

(a) Basic dimensions
in polar coordinates.

(b) Basic dimensions in rectangular coordinates,

—9.19 r 13

- 9.1; L 13

9.9

NOTE: UNTOLERANCED DIMENSIONS LOCATING TRUE POSITION ARE BASIC

(c) Basic dimensions Identified by a note.

I 5.2.1.1




Geometric dimensioning & tolerancing
Meaning of basic tolerances

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

True position

| B4 I
' Theoretical boundary-

L"I (Virtual condition)
E minimum diameter of hole (MMC)
minus the positional tolerance.
| 5.3.2.1

FIG. 5-5 BOUNDARY FOR SURFACE OF HOLE AT MMC



Tolerancing using basic dimensions
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FIG. 5-4 POSITIONAL TOLERANCING AT MMC RELATIVE TO DATUM FEATURE CENTER PLANES




Example of multiple features
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FIG. 5-16 MULTIPLE PATTERNS OF FEATURES




Tolerance
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at LMC of 4 holos

@0.5 tolarance zone
at MMC of 4 holes
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