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P/ Importance of Engineering Drawings

Technical requirements document.

 Fully defines all details critical to the fit, L
form, or function of the design/product. e

+ Specifies: geometry, dimensions,
tolerances, materials, finishes,
specifications, Bill of Materials (BOM), .,
instructions, additional processes, etc. T

« Legal instrument in contractual i
agreement between designer and
manufacturer.

* Manufacturers are free from liability f

faulty drawings, designers have legal
recourse for manufacturing mistakes.

SANDEDME-10318
UHLIMITED RELEA.SE

Incomplete/inaccurate drawings can cause severe production delays
and increased costs.
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P Geometric Tolerancing & Dimensioning (GD&T)

Credited to Stanley Parker in 1940,

 International standard that uses symbolic o b
language on models and drawings to define
nominal (theoretically perfect) geometry and the

allowable variation in Dimensioning
1) form and possible size of individual features, and Tolerancing

2) between features.

Engineeri ng_Drawlng.and Related
« Defines references coordinate system(s) used Documeatation Practices

throughout manufacturing and inspection;
concisely describes complex requirements.

« Greatly simplifies tolerance analyses.
« Assures interchangeability.

* Related standards:
« ASME Y14.5.1M Mathematical Definition of
Dimensioning and Tolerancing Principles e e Sty o

*  ASME Y14.41 Digital Product Definition Data ® Mochanical lgiosrs
Practices

GD&T defines the theoretically exact part and the maximum

amount of allowable variation—great emphasis on design intent.
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/ Fundamental Rules

All dimensions shall have a tolerance.
Applied directlﬁl, indirectly (basic), general note, or
tolerance block.

Exceptions for reference, max, min, and stock.

Dimensioning/tolerancing shall be complete for
full understanding of every feature,
Measurement and scaling of the drawing is
disallowed*.

All necessary dims shall be shown (no more
than needed for completeness), reference dims
should be minimized.

Dims should be arranged to suit
function/mating of part. Dims shall not be
subject to more than one interpretation.

Manufacturing methods should not be specified
unless essential to requirements

Non-mandatory processing dims are marked as
such (NONMANDATORY), if final dims are given.

Dims should be arranged for optimum readability
and be applied in true profile views that refer to
visible outlines.

Geometry (i.e., wires, etc.) manufactured to gage
or code numbers shall be specified by linear
dimensions with the Gage or code numbers
shown in following parentheses.

2(0°, 90°) basic angles are assumed for lines with
no angular dim, tolerance is provided by feature
control frames governing the feature.

All dims/tolerances apply at 20°C (68°F) and 101.3
kPa (14.69 psi), unless stated.

Unless specified , all tolerances apply to full
depth, width, and length of feature.

Dims only apply at specified drawing level.

If coordinate system is shown: it shall be right-
handed, show axis labels, and positive direction.

Standard must be invoked on drawing: DIMINSIONING AND
TOLERANCING PER ASME Y14.5-20009.

Cannot mix standards (i.e., 1994 and 2009) on same drawing.



‘4 Dimensions & Tolerances

Dimension: a numerical value(s) or
mathematical expression in appropriate units
of measure used to define the form, size,
orientation, or location, of a part or feature.

Tolerance:; the total amount a specific
dimension is permitted to vary. The tolerance
is the difference between the maximum and
minimum limits.

Feature: a physical portion of a part such as a
surface, pin, hole, or slot or its representation
on drawings, models, or digital data files.

Regular Feature of Size: one cylindrical or
spherical surface, a circular element, and a set
of two opposed parallel elements or opposed
parallel surfaces, each of which is associated
with a directly toleranced dimension.

Rule #1: The form of an individual regular feature of size is

Size Reference Basic

<« P.5£1 »

Form Size

<« (D.5) =» < D5 >

Directly Toleranced

.6 0
@581 o, 05

1

ERWIS :
LINEART +.2
OLERANCE® °

controlled by its limits of size (perfect form at MMCQC).

Orientation Location

4 /

~
~

Indirectly Toleranced

Material condition

Geometric symbol

characteristic Material boundary
symbol ~\ [ symbol
[L[Zo05s@[c@]

Diameter symbol —/ j LDatum feature

Tolerance reference letter

3.4.2

A &




Table Design Example

Requirements
Design a table that stands between 26-28" high and is flat to within 1/16" (=.06").

Direct Tolerancing
Per Rule #1, Form is given
from Size tolerance.

KE’ 06 06 06

06 ' +
Indirect with GD&T | { . . r
Form and Size can be
controlled separately.
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Geometric Symbols

APPLICATION TSIEPFEAﬂEE CHARACTERISTIC SYMBOL SEE:
STRAIGHTNESS — 5.4.1
INDIVIDUAL FORM ‘ FLATNESS L/ 942
FEATURES CIRCULARITY O 5.4.3
CYLINDRICITY /Q/ 5.4 4
INDIVIDUAL PROFILE OF A LINE 2 8.2.1.2
OR RELATED PROFILE
FEATURES PROFILE OF A SURFACE Y 8.2.1.1
ANGULARITY = 6.3.1
ORIENTATION PERPENDICULARITY 6.3.3
PARALLELISM // 6.3.2
**
RELATED POSITION B 7.2
FEATURES LOCATION - -CONEGENTRIGHPY - === == fmmm e ©r------ 76.4
m = SYMME TR~ === === === === mm e e e 7.7.2
CIRCULAR RUNOUT A* 9.4.1
RUNOUT
TOTAL RUNOUT A 942
* Arrowheads may be filled or not filled ** May be related or unrelated 3.3.1
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Modifying Symbols

Material condition

This on the drawing

— 12104

7

TERM SYMBOL | SEE:
AT MAXIMUM MATERIAL CONDITION
(When applled to a tolerance value) m 3.3.5
AT MAXIMUM MATERIAL BOUNDARY M 3.
(When applled to a datum reference)
AT LEAST MATERIAL CONDITION
(When applled to a tolerance value) D 335
AT LEAST MATERIAL BOUNDARY =/ =
(When applied to a datum reference)
TRANSLATION > 3.3.26
PROJECTED TOLERANCE ZONE P 3,36
FREE STATE F 3,3.20
TANGENT PLANE ) 3.3.21
UNEQUALLY DISPOSED PROFILE u 3.3.22
INDEPENDENGY T 3.3.24
STATISTICAL TOLERANCE (8T) | 33.10
CE)
CONTINUQUS FEATURE (CF) 3,3.23
DIAMETER @ 3.3.7
SPHERICAL DIAMETER S@ 3,37
RADIUS R 3,37
SPHERICAL RADIUS SR 3.3.7

i symbol - 33.17
Geometric y 26.1
characteristic Material boundary Means this Tolerance zone
symbol —\ [ symbol | 1
12.4 ﬁ:: '
I i
| Q 0.05 @ C @ { 1.6 '~ Indlcated orlgn plane
_/ i Not this
Diameter symbol Datum feature
reference letter 124
Tolerance 7 _J f
342 LLcmger surface used 16
as the origin plane
CONTROLLED RADIUS CR 3.3.7 This on the drawing Means this
o Minimum radius 2.1
SQUARE ] 3.3.16 -
Maximum
REFERENCE () |33s R2.4203 'y
Part contour
ARC LENGTH - 339
2,151
DIMENSION ORIGIM (|-}—— 3,317 This on the drawing Means this
Minimum radius 2.1
BETWEEMN - - 3.3.1 \
g T aximum
ALL AROUND P 3.3.19 CR 24403 Maximum,
ALL OVER P 3.3.25 Part contour
~ T | 9 52
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'/Datum: a theoretically exact point, axis,
line, plane, or combination thereof derived
from the theoretical datum feature
simulator.

Datums & Datum Features

Datum Feature: a feature that is identified
with either a datum feature symbol or a
datum target symbol.

Datum Feature Simulator: the physical
boundary used to establish a simulated
datum from a specified datum feature.

Degrees of Freedom

S — Axls of the
Translational Freedom datum reference
x = Along X Axis Datum Peint; 0,0,0 frame

y = Along Y Axis

z = Along Z Axis

_ ¥ —
Rotational Freedom T

u = About X Axis
v = About Y Axis
w = About Z Axis

E Axls of the
1 datum reference
frame
‘? ’,.- — W

Datum planes :.;0.1
f geometric .
L Axis of the origin of g
datum reference specification :f
frame z -
3.3.30

FEATURE DATUM DATUM AND DATUM AR
TYPE OM THE DRAWING FEATURE FEATURE SIMULATOR | oo oone RANING
e
PLANAR -~ >
{a) o \ / P
L
e
- / i
WIDTH [ :;E
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Developing Datum Reference Frame

|dentify datum features.

Relate (control) datum features to each other.

Locate surfaces and features of size.

Refine orientation and form if necessary.

This on the drawing
— 3X @ 30 £0.2
f..f [$Fos@[alB[C vy

f
|- 25501
L 7 Toms)
]

4.21

This on the drawing
+0.1

6.5 o 'ﬂ-_h_H_' — —
[T [g@]A] —h A -
— -‘J_F-'_ I ) - i
g2l 15 _—

—~ ‘

o

[# [#ozdé|ale|c

4.10.2

4.7

Means this

axpsah—
% [Fo3@[a[e][c] S 11
w65 " >
(4 [Foi@[a]e]
4114
] 7012 3.104
(a) Drewing - 4,52
4,4
M |
eans thls Dalum fealure s|mulalor of
Secondary dalum datum faature B (expanding
feature B cylinder perpandicular ta L
~ Primary datam datum plang A} — T T
J feature A 574 Bask
L (far skde) P Location
Datum f@ature ,(&'zf%k
simulator of i
dalum feature A —  SgEERGI
Datum feature simulslor .
of datum feature C
(expanding cylinder perpendicular
] to datum plana A and baslcally
= Taertiary datum located from datum axis B)
feature G
(b) Daturn features N () Datum festurs sknustors
Dratum
{  rafarance

(d} Datum planes and axes establshed
from the datum feature slmulasor

I.' frame
|

(&) Datum reference frarme




Position (Location)

This on the drawing

4X MB X 1-6H
[4 [Po2smEa|ale]c|

A
/ BX 9!3:‘;5 Tolerance zone when hole is at MMC S )
/| #goawlale @] (mirkmur cameter) \I! \
/ Tolerance zone increased by an ]
- amount equal to departure from MMC '\\ P 74.1.2
________ (larger than minimum diameter) . 3.4.7
l - 3.3.6
- 12
Means this
8.85 _a£4 #0.25 positional
l l g:g:: tolerance zone
l l True position axis
- N Axis of threaded
_ _l-_ 104 'u/_ hole
True position Hole at MMC
S (minimum diameter)
| _
p—r—b—| ! T Actual hoke larger L 14 minimum
104 than minimum diameter) projected
[&] tolerance zone
MOTE! UNTOLERANCED DIMENSIONS LOCATING TRUE POSITIONS ARE BASIC 7.2.1.3 halght
T.21.2 7.3.3.1
Cylindrizal tolerance zona (equal to poslional inlerance) Positional
asiional
Axls of hole —-1 Extrems positional varlation | Positional |/ tolerance zone
at frue positon . s tolerance zone —_—h—
1 \.f...— Extreme orientation variation True position axis v True position axis
‘I"‘R P \‘ Axis of Axis of
20° || : [ rmary. et clearance hole clearance hole
¢ . . mary catum
f )
i /// ¥ Interference —x y
] volume Qiq
?_ _—— Axlz of hole \\\\1
Minirurn hole diarmeter Mating part k;“ ! Mating part
Axls of hole True position axes _ #,\\ 1
Axis of unrelated Axis of unrelated Axis of unrelated
actual mating envelope actual mating envelopa actual mating envelope
is colncident with the is located at extreme Is inclined to exireme
true position axis. position o the left of orentation within
true posltlon axls (but tolerance zone,
within tolerence zonsl. L Tolerance zone is Axis of — Minimum tolerance zone l“\—Axls of
(a) & (e) equal to the length threaded hole height is equal to maximum threaded hole
Note that the length of the tolerance zone is equal o the of the threaded hole thickness of mating part
langth of the featurs, unless otherwise specified on the drawing. 7.3.31
.2 7.5 |?,5

Formulas for positional tolerances.

Fixed:T = (H—F)/2 Floating:T=H —F




Profile of a Surface

Thig o6 (he deaaing Moars $is

Profle of a surlace wolarance applles unaqually, Tha @L1
following the wequally-dsposed symbol dcales the amount
This on the drawling ol zoms vt o e tve profle. 7
45 rd
30 True Profle Ny 0 Qubslda
——
Datum plane © —
RS E)j
/_ R15 Cialum plare B
N SETLY L
] i =
& 'ﬂ 0.2 insde — :
e \
l Scraen Image of dighal data Catum plars &
12 Mg with dahsm featurs symiols
* argd Teatura cominal frames applied, 8312
3 3302
This on the drning
—] +0.4 f—
\ 100,
TX R0O.2 MAX 48 £0.12 .
8+0.05 — e 025 (AlB|C
5314 =[] o E Ej
o E
UNTOLERANCED DIMENSIONS ARE BASIC 831 N
B211 2X 86 £0,12
Means this (8] 2x[175
-] A
0.6 wide tolerance zone ] a0 N Datum |_
:é — plane A (214} L s8] sxu.'lzJ L
+ @Y 217]
L: 734 Lz3)
== === 65 £0.25 | ’E
3,3.11
Means thls
| Datum plane C Datum plane A
:_ : : I— 0.25 wida toleranca zone Bo°
h _—1  The surface betseen D and E rmust
The surfaces, all around the parl cutline, must lle belween two parallel beundares 0.6 apart perpendicular lle Between two profle boundares
to datum plane A and equally disposed about the true proflle, Radll of part comers must not exceed 0.2, 0,25 aparl, perpendicular o datum
plane A, equally disposed about the

true proflle and posliioned with respect
to datum planes B and G,




Assembly Drawing

L

Assembly
Instructions

7

57

211
2a2

¥ 213
214
245
245
217

218
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/3D Prlnt Drawing
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