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Author: Thomas Allsup  
Å Thomas received his BSME from Oklahoma State University - Go Pokes! 

Å In 1990, Thomas got his MSME from University of Texas at Arlington. 

Å Thomas ended his PhD in Mechanical Engineering from UTA as an All-But-
Dissertation in 1994.  

Å Thomas ended his PhD in General Engineering online from Kennedy 
Western University. 

Å Thomas has spent 27 years as a design engineer in consumer products, 
semiconductor devices, and burn-in sockets.  

Å tallsup@anidatech.com www.anidatech.com twitter: @anidatech.com  

mailto:tallsup@anidatech.com
http://www.anidatech.com/
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Dedication 

This presentation is dedicated to 
non-PhD mechanical engineer 
Howard Wolowitz and all the other 
Howard ²ƻƭƻǿƛǘȊΩǎ out there! 
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Previously at SolidWorks World 

Introduced the learning 
organizing concept FOPRL: 

ÅForm 

ÅOrientation 

ÅProfile 

ÅRunout 

ÅLocation 

2009 : How to Spell GD&T 



3
D

S
.C

O
M

 ©
 

D
a

s
s
a

u
lt S

y
s
té

m
e

s 

Previously at SolidWorks World 

Remember 
FTPUSMLI? 

Just Kidding 

2010: The Revenge of the 

Circled Letters 
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Previously at SolidWorks World 

Tolerance Zones and Shapes 

2013:  Hitchhikerôs Guide to GD&T 



3
D

S
.C

O
M

 ©
 

D
a

s
s
a

u
lt S

y
s
té

m
e

s 



3
D

S
.C

O
M

 ©
 

D
a

s
s
a

u
lt S

y
s
té

m
e

s 

Agenda 
Theoretically Speaking 

ÅThis hour we will spend some time, not in 
the twilight zone, but in an equally never-
never land known as: 

ïPERFECT 

ÅDatums 

ÅBasic Dimensions 
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SolidWorks 

L ŘƻƴΩǘ ƭƻǾŜ ǘƘŜ 
description 
άwŜŦŜǊŜƴŎŜ 

DŜƻƳŜǘǊȅέ ōǳǘ ǘƘŜ 
concept of datums 
ŘƻŜǎΩǘ bother 

SolidWorks users. 
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The Standard 

Datums are so 
important they 
are one whole 

chapter and are 
on the cover of 
the previous 

revision of the 
standard. 
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Datums 
ÅDatums do one simple thing: 

ïDatums are a way for the part designer 
to tell the part inspector how to hold 
and immobilize the part during 
inspection. 

ÅDatums are a reference for geometric 
dimensions.   
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Datum Feature Callout 
ÅNotice that datums ƴƻǿ ǳǎŜ ŀ άǎǳŎƪŜǊέ ǘƻ 

attach the datum. 
ÅThe sucker can be directly on a surface or on 

the leader line. 
Å If the datum is on the leader line and inline 

with the dimension then the datum is for the 
center plane. 
ïFeature of size anyone? 

Å If the datum is on the leader line and not in 
line with the dimension then the datum is for 
the surface.  
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Individual versus Related Features 

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

ÅRelated features must use at  least one 
datum. 
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Datum Indicators 

ÅDatum indicators ǿƛǘƘ ǘƘŜ άǎǳŎǘƛƻƴέ ŎǳǇ Ŏŀƴ 
indicate a feature of size simply by placing it in 
line with the leader line.  

ÅDatum indicators indicate features other than 
features of size by not aligning the datum line 
with the leader line.  
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What Does it Mean #1? 
ÅThis datum is the bottom 

surface. 

ÅThis datum is not a feature of 
size. 

ÅThe datum simulator can be a 
gauge plate. 
ïGauge plate needs to be 10X flatter 

than what you want to check. 
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What Does It Mean #2? 
ÅThis datum is the center 

axis. 

ÅThis datum is a feature of 
size. 

ÅThe datum simulator is a 
ǘǿƻ ǇƛŜŎŜ άŎƭŀƳǇέΦ 
ïRFS - clamp squeezes 

ïMMC - clamp is fixed size 
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Example 

²ŜΩƭƭ Ǝƻ 
control by 
control  
through this 
example later 
this hour. 
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RFS 
ÅA datum that is designated regardless of the feature 

size can mean a couple of things. 

ÅLŦ ǘƘŜ ŘŀǘǳƳ ƛǎƴΩǘ ŀ ŦŜŀǘǳǊŜ ƻŦ ǎƛȊŜ ƻǊ ǎƛƳǇƭȅ ŀ ǎǳǊŦŀŎŜ 
then it means you lay the datum on a surface plate. 

ÅIf the datum is a feature of size then it means that 
ȅƻǳ ƘŀǾŜ ǘƻ ǳǎŜ ŀ άŎƻƭƭŜǘέ ƻǊ ŀŘƧǳǎǘŀōƭŜ ǎǳǊŦŀŎŜǎ ǘƻ 
go make contact with the feature. 
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Regardless of Feature Size 
ÅThis is the default if no modifier is given. 

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

Å¸ƻǳ ŘƻƴΩǘ ǎŜŜ ǘƘŜ ǎȅƳōƻƭ s  anymore except in 
GD&T training sessions. 

ÅWǳǎǘ ōŜŎŀǳǎŜ ȅƻǳ ŘƻƴΩǘ ǎŜŜ ǘƘŜ ǎȅƳōƻƭ ŘƻŜǎƴΩǘ 
ƳŜŀƴ ǘƘŜ ŎƻƴŎŜǇǘ ƛǎƴΩǘ ǳǎŜŘ ŀƭƭ ǘƘŜ ǘƛƳŜΦ 

s  
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Maximum Material Condition 

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

ÅFor external dimensions, use the largest dimension. 
ïThickest plate. 

ÅFor internal dimensions, use the smallest value. 
ïSmallest hole. 

ÅThe actual parts move around in the MMC datum simulator. 



3
D

S
.C

O
M

 ©
 

D
a

s
s
a

u
lt S

y
s
té

m
e

s 

Least Material Condition 

ÅThis one is harder to explain since the datum 
ǎƛƳǳƭŀǘƻǊ ƛǎ άǾƛǊǘǳŀƭέΦ 

ÅThe actual part can not placed in an actual 
LMC datum simulator. 

Å²ŜΩƭƭ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ±ƛǊǘǳŀƭ /ƻƴŘƛǘƛƻƴ ό±/ύ ƻŦ 
ƳƻŘƛŦƛŜŘ ŦŜŀǘǳǊŜǎ ƭŀǘŜǊΧ  
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Fixed Versus Floating 

ÅLŦ ȅƻǳ ǳǎŜ ŀ ŘŀǘǳƳ ŀǎ άǊŜƎŀǊŘƭŜǎǎ ƻŦ ŦŜŀǘǳǊŜ ǎƛȊŜέ 
then the datum simulator must come in contact with 
the edge(s). 

ÅLŦ ȅƻǳ ǳǎŜ ŀ ŘŀǘǳƳ ŀǎ άaa/έ ƻǊ ά[a/έ ǘƘŜƴ ǘƘŜ 
datum simulator is fixed size and the part moves 
around inside it. 

ïWe use a different name for this: gaging. 
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DŀƎƛƴƎ ŦƻǊ ΦснрέҌκ-Φотрέ 
ÅIf the material is 
ƭŜǎǎ ǘƘŀƴ мέ ǘƘŜƴ ƛǘ 
can      ά Dh έ 

ÅIf the material is 
ƭŜǎǎ ǘƘŀƴ мκпέ ǘƘŜƴ 
it can άbh Dhέ 
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Reference to Gaging 

Å{ŜŎǘƛƻƴ мΦмΦс wŜŦŜǊŜƴŎŜ ǘƻ DŀƎƛƴƎ ά¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ƛǎ 
ƴƻǘ ƛƴǘŜƴŘŜŘ ǘƻ ōŜ ŀ ƎŀƎƛƴƎ ǎǘŀƴŘŀǊŘΦέ 

ÅLike so many concepts of GD&T, it is hard to discuss 
datums without mentioning gaging. 

ÅJedi Mind Trick: 
ïά¢Ƙƛǎ ƛǎ ƴƻǘ ǘƘŜ ƎŀƎƛƴƎ ǎǘŀƴŘŀǊŘ ȅƻǳ ŀǊŜ ƭƻƻƪƛƴƎ ŦƻǊΦέ  
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Rule of Ten 

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

ÅExample:  To measure a +/-Φллмέ ǘƻƭŜǊŀƴŎŜ ȅƻǳ 
ƴŜŜŘ ǘƻ Φлллмέ ǊŜǎƻƭǳǘƛƻƴ ŎŀƭƛǇŜǊΦ 

ÅThe same thing goes for datums and granite 
slabs.  
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Granite Slabs 
Granite materials are black, grey, and crystal pink, each offered 

in three grades: 

ÅAA-Laboratory for precision operation in constant 
temperature gaging rooms and metrology departments - 25 
millionths 

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

ÅB-Toolroom for general production checking work throughout 
the shop - 100 millionths 
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Feature Control Frames 
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Points of Contact 
Å A primary datum feature usually has three points of contact 

ï 5ƻƴΩǘ ǳǎŜ ǘƘŜ ǿƻǊŘ must. 

Å A secondary datum feature usually has two points of contact 

ï 5ƻƴΩǘ ǳǎŜ ǘƘŜ ǿƻǊŘ must. 

Å A tertiary datum feature usually has one point of contact 

ï 5ƻƴΩǘ ǳǎŜ ǘƘŜ ǿƻǊŘ must. 

Å ¢ƘŜ ƭŀǊƎŜǎǘ ǎǳǊŦŀŎŜ ƻƴ ŀ ǇŀǊǘ ŘƻŜǎƴΩǘ ŀƭǿŀȅǎ ƘŀǾŜ ǘƻ ōŜ ǘƘŜ ǇǊƛƳŀǊȅ ŘŀǘǳƳ 
feature. 

ï The designer dictates primary datum feature. 

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

ÅThis modifier is commonly used by orientation 
controls and sometimes datums.  

T 
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Screw Threads, Gears, & Splines 

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

ÅIf 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 

ÅWhen you look at a drawing and see the same datums, in the 
same order, with the same modifiers then all the geometric 
tolerances are measured at one time ς they are simultaneous 
ǊŜǉǳƛǊŜƳŜƴǘǎ ǳƴƭŜǎǎ ȅƻǳ ǇƭŀŎŜ ǘƘŜ ǿƻǊŘǎ ά{9t w9v¢έ ǳƴŘŜǊ 
the tolerance. 
ïά{ŀƳŜ ǎŜǘ ǳǇέ 

ÅWhen you see the FRTZF and PLTZF show, we get to discuss 
ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ά{La w9v¢έΦ  
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Datum Targets 
tƭŀŎƛƴƎ ŀ ōƻƭŘ ά·έ ƻƴ ŀ ǇƻƛƴǘΣ ƭƛƴŜΣ ƻǊ ŀȄƛǎ ŎǊŜŀǘŜǎ ŀ 

Datum Target with a callout that may or may not 
include the size of the datum simulator. 

ïThree points make a datum plane. 

ïPoint and line make a datum plane. 

ïTwo points make a datum axis. 
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Datum Definitions 
ÅA Datum is a theoretically exact 

Åpoint 

Åaxis 

Åplane 

ï  derived from the true geometric counterpart of a specified 
datum feature. 

ÅA datum is the origin from which the location or 
geometric characteristics of features of a part are 
established. 
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Datum Definitions 
Å Datum Feature: an actual feature of a part that is used to establish a datum. 

Å Datum Feature 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). 

ï NOTE: Simulated datum features are used as the practical embodiment of the 
datums during manufacture and inspection. 

Å Simulated Datum: 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.  

Å Datum Target: A specified point, line, or area on a part used to establish a 
datum. 
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Datum Reference Frame 
ÅDatum Reference Frame:  

Datums that exist within a 
framework of three 
mutually perpendicular 
intersecting planes. 

ÅFramework datums called: 
Primary - secondary - 
tertiary 
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Feature Control Frames 
ÅVertical lines between datums in a feature control frame 

separate primary ς secondary ς and tertiary datums. 

ÅHorizontal lines between datums in a feature control 
frame indicate compound datums. 

ÅDatums are never listed purely based on alphabetical 
order in feature control frames ς they might appear in 
alphabetical order but they are always άin the desired order 

ƻŦ ǇǊŜŎŜŘŜƴŎŜΣ ŦǊƻƳ ƭŜŦǘ ǘƻ ǊƛƎƘǘΦέ 
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Clarification of Feature Control Frame 

ÅDraw vertical lines between separate datums: 
ïάWhere more than one datum is required, the datum reference 

letters (each followed by a material condition symbol where 
applicable) are entered in separate compartments in the desired 
ƻǊŘŜǊ ƻŦ ǇǊŜŎŜŘŜƴŎŜΣ ŦǊƻƳ ƭŜŦǘ ǘƻ ǊƛƎƘǘΦέ 

ÅDraw a horizontal dash between datums to indicate a 
compound datum. 
ïPre-ASME Y14.5-1994, the dashes could have meant a datum 

callout. 
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Missing in Action 

ÅThe standard only calls out three letters that 
cannot be used as datums. 

ïI, O, or Q  

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

ïI prefer to never use S or Z 

 


