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Dedication

This presentation is dedicated to
non-PhD mechanical engineer
HowardWolowitzand all the other
Howard? 2 f 2 goutither@a
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Previously at SolidWorks World

2009 : How to Spell GD&T

Introduced the learning
organizing concept FOPRL.:

Arorm
AOrientation
Arofile
ARunout
ALocation
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Previously at SolldWorks World

2010: The Revenge of the 'Amo . - .
Circled Letters List-of Mediters
- Extent: - Size:
« Free State » Regardless of
- Tangent Plane Feature Size (RFS)

Re m e m b e r = Projected Tolerance « Maximum Material

B Unequa"y Disposed Condition (MMC)
FT P U S M L I > Profile (new) « Least Material
4 Condition (LMC)
I i « Independency (new)
Just Kidding
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Previously at SolidWorks World

201 3; Hi tchhi ker 6s Gui de to GD&T

Tolerance Zones and Shapes

\\
YJ ©9 @
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Agenda

Theoretically Speaking
A This hour we will spend some time, not in

the twilight zone, but iran equally never
neverland known as:

— PERFECT
A Datums
A Basic Dimensions
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SolidWorks

Bl SOLIDWORKS j Fie Edt Vew | Insert | Tools Dcontrol  SprutCAMS  Window  Help QlD =

L R2y Qi
description
awS TSNS

DS2YSUNEE
concept odatums

R 2 Shiotfel

SolidWorks users.
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@ Sensors

[3-- Annotations

{El Surface Bodies

(@] Solid Bodies

{El Equations

..3= Material <not specified>
-5 Front Plane

%5 Top Plane

-5 Right Plane

I_, Origin

Boss/Base 4
Cut s
Features s
Pattern/Mirror 4
Fastening Feature »
Surface +
Face +
Curve +
Reference Geometry Q Plane...
Live Secticn Plane
Sheet Metal Mo ,
Weldments L4 . Mlsm.
Molds R J—t Co.ordlnate System...
# | Point...
‘0 | Exploded View.. |l | Mate Reference...
i | Explode Line Sketch EH Grid System

£5% | Part...
Mirror Part...

Customize Menu
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The Standard

ASME V1A 50\ 198

. -

Dimensioning and
Tolerancing

P
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ASME Y14.5-2009

[Revision of ASME Y14.5M-1994 (R2004)]

Datumsare so Dimensioning
important they and Tolerancing
are one whole
chapter and are
on the cover of
the previous
revision of the
standard.

Engineering Drawing and Related
Documentation Practices
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Datums

A Datumsdo one simple thing:
~Datumsare 6 way for theport desigaer
to tell the part insgertorhov\ tochiofild
and immaobilizethecpaat duringo
A Datumsare a reference for geometric
dimensions.
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Datum Feature Callout

A Notice thatdatumsy 2 ¢ dzaS | @& & dzO1 S NE
attach the datum.

A The sucker can be directly on a surface or on
the leader line.

A If the datum is on the leader line and inline
with the dimension then the datum is for the
center plane.

I Feature of size anyone?

A If the datum is on the leader line and not in J_

line with the dimension then the datum is for
the surface.

A |
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Individual versus Related Features

A If an Individual feature is a single surface,
element, or size feature then no datum Is
proper or used.

A Relatedfeaturesmust use at least one
datum.
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Datum Indicators

ADatumindicators A 1 K GKS &adzOi A z
Indicate a feature of size simply by placing it in
line with the leader line.

A Datum indicators indicatéeatures other than
features of size by not aligning the datum line
with the leader line.
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What Does it Mean #17?

A This datum is the bottom

surface.

A This datum is not a feature of
size.

A The datum simulator can be a

gauge plate.

I Gauge plate needs to be 10X flatter
than what you want to check.
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What Does It Mean #27?

THSON THE DRAWING

A This datum is the center _ @
axis. - - -

A This datum is a feature of
size.

A The datum simulator is a - : 1T I
(62 LASOS aqt flseeme—l [HE—
i RFS clamp squeezes L s ais & \ o e
i MMC- clamp is fixed size e

MEANS THIS NOGTE: Slmulated datum feature
t chari
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Example m— e

2 #150

SToi 20 = /7|$|¢0.2®]a]s|c]
2 SQff 32 {
control by — T : CV
control T | T
through this ] ; 4N a5
example later - B L ? |
this hour. [20 ] /¢3u.a s A

{QIMMCIDI —le02®
8
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RFES

A A datum that is designated regardless of the feature
Size can mean a couple of things.

ALT OUKS RIFEUOdzy AayQa | TSI
then it means you lay the datum on a surface plate.
A If the datum is a feature of size then it means that
ez2dz KI S 02 dzaS | aO2z2ff ¢

go make contact with the feature.
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Regardless of Feature Size

A This is the default if no modifier is given.

A The tolerance zone is not affected by the actual
size of the feature.

A 2dz R2Yy QU &asSdhymor& &cept Y 0 2
GD&T training sessions.

AWdzad 0©0SOIl dzaS é2dz R
YSIY GKS O2y OSLII A

2y QU
ay Qu
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Maximum Material Condition

A If a datum has the maximum material modifier then that
means you use a fixed size gage that is sized to the maximun
material size.

A For external dimensions, use the largest dimension.
I Thickest plate.

A For internal dimensions, use the smallest value.
T Smallest hole.

A The actual parts move around in the MMC datum simulator.
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| east Material Condition

A This one is harder to explain since the datum
aAYdz FG2NJ A& & @A NI dzl f

A The actual part can not placed in an actual
LMC datum simulator.

A2 SQf f OIdeszu
Y2RATASR TSI (dz

S
N

Eyj>
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Fixed Versus Floating

ALT €2dz dzaS | RIFdOdzy |a al
then the datum simulator must come in contact with
the edge(s).

ALT €2dz dzaS | RIFdOdzy | a a:
datum simulator Is fixed size and the part moves
around inside It.

I We use a different name for this: gaging.
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DI 3AYy 3 F@Ni L

A If the material is UM
f Saa UGKI Y g o
can 1 Li 3
A If the material is -
t S84 GKIYy |
itcand b h. " Dh ¢ il l
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Reference to Gaging

A{ SOUA2Y MOMPc WSTFSNBYyOS
V20 AYUSYRSR (2 06S | 3l :

A Like so many concepts of GD&T, it is hard to discuss
datumswithout mentioning gaging.

A Jedi Mind Trick:
iGe¢CKAA A& y20 GKS 3FIIFIAy3a al
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Rule of Ten

A If you want to measure a feature accurately,
you need a tool that is capable of measuring
1/10 the smallest dimension or tolerance

A Example: To measure a&/n n m ¢ 2 f ¢
VSSR U2 dnnnwme N£a2fc

A The same thing goes fdatumsand granite
slabs.
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Granite Slabs

Granite materials are black, grey, and crystal pink, each offered
In three grades:

A AALaboratory for precision operation in constant
temperature gaging rooms and metrology departmeng$
millionths

A A-Inspection Grade for general quality control applications
50 millionths

A B-Toolroomfor general production checking work throughout
the shop- 100 millionths
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Feature Control Frames
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Points of Contact

A primary datum feature usually has three points of contact
i 52y Q0 dza Busiil KS 42 NR
A secondary datum feature usually has two points of contact
i 52y Q0 dzia Bwusiil KS 42 NR
A tertiary datum feature usually has one point of contact
i 52y Q0 dzia8Bwusiil KS 42 NR
¢KS fFNBSa0 &adza2NFIFOS 2y | LI NI R2Say(
feature.
I The designer dictates primary datum feature.

I Usually it is a good design idea for the largest surface to be the primary datum
feature.
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Tangent Plane

A This modifier does just like it sounds, it tells the
Inspector to place a tangent plane on a surface
and measure the gauge plate, not the part.

A This modifier is commonly used by orientation

controlsand sometimesiatums
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Screw Threads, Gears, & Splines

A If a screw thread is called out as a datum then the
datum is determined based on the pitch diameter.

A If a gear or spline is called out as a datum then the
datum feature must be designated (major, minor,
pitch, etc.)
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Simultaneous Requirements

A When you look at a drawing and see the sastaéums in the
same order, with the same modifiers then all the geometric
tolerances are measured at one timehey are simultaneous
NBIljdZA NBYSyYy Ga dzyt Saa eé2dz LX I
the tolerance.

i a{lYS &aSi dzLJX

A When you see th€RTZF and PLTZF showgetgo discuss

0KS RRAGAZ2Y 2F a{La wOveéod
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Datum Targets
tf T OAY3 || 02fR a-§& 2y |
Datum Target with a callout that may or may not
Include the size of the datum simulator.
I Three points make a datum plane.
I Point and line make a datum plane.

i Two points make a datuxXIs.

[ ]

X
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Datum Definitions

A A Datum is a theoretically exact
A point
A axis
A plane

I derived from the true geometric counterpart of a specified
datum feature.
A A datum is the origin from which the location or
geometric characteristics of features of a part are
established.
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Datum Definitions

DatumFeature: an actual feature of a part that is used to establish a datum.

DatumFeature Simulator: A surface of adequately precise form (such as a
surface plate, a gage surface, or a mandrel) contacting the datum feature(s)
and used to establish the simulated datum(s).

I NOTE: Simulated datum features are used as the practical embodiment of the

datumsduring manufacture and inspection.

SimulatedDatum: A point, axis, or plane established by processing or
Inspection equipment, such as the following simulators: a surface plate, a
gage surface, or a mandrel.
DatumTarget: A specified point, line, or area on a part used to establish a
datum.
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Datum Reference Frame

A DatumReference Frame:
Datumsthat exist within a
framework of three
mutually perpendicular
Intersecting planes.

A Frameworkdatumscalled:
Primary- secondary
tertiary
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DS SOLIDWORKS DS SEsEEs



Feature Control Frames

A Verticallines betweerdatumsin a feature controframe
separate primary, secondaryc and tertiarydatums

A Horizontal lines betweedatumsin a feature control
frame indicate compoundatums

A Datumsare never listed purely based on alphabetical
order In feature controframesc they might appear in
alphabetical order but they are alwagig the desiieztopdeer
of precédéntefronReftyoght? FTNB Y  STO 02 NI 3|
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Clarification of Feature Control Frame

A Draw vertical lines between separadatums

I dWhere more thamnedatum is required, the datum reference
letters (each followed by a materiednditionsymbol where
applicable) are entered in separate compartments in the desired

~ w A W A

2NRSNJ 2F LINBOSRSYOSZ FTNRY ST

A Draw a horizontal dash betwea&atumsto indicate a
compound datum.

I PreASME Y14-%994, the dashes could have meant a datum
callout.
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Missing in Action

A The standard only calls out three letters that
cannot be used agatums

=1, 0, arnr@)

A The standard does not say you have to start
with A and go Iin any particular order.
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