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X GD&T Is a means of dimensioning &
tolerancing a drawing which
considers the function of the part

and how this part functions with
related parts.

> This allows a drawing to contain a more

defined feature more accurately, without
Increasing tolerances.
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Why Should We Use GD&T ?

« GD&T is a drawing / communication language

« Uniform interpretation between the designer, manufacturer and inspector ( and
anyone else: purchasing, sales, planning, etc..).

« It eliminates ambiguities as to what Datum features are to be contacted to establish
the Datum planes and/or Datum axis that are to be used for locating other features.

» |t simplifies inspection because hard gages can often be utilized and inspection
fixtures are often mandated which simplifies inspection for production quantities.

* It forces the designer to totally consider function, manufacturing process, and
inspection methods. The result is larger tolerances that guarantee function, but
reduce manufacturing & inspection costs.

e The “bonus” or extra tolerance for certai
production cost savings. In addition the time to analyze whether a missed dimension
is acceptable is dramatically reduced.
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Tolerance vs. Manufacturing Process
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Geometric Dimensioning & Tolerancing
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Geometric Dimensioning & Tolerancing

+4 j-— + A FOOTBALL FIELD

APPROXIMATE DIM.
- ROUGH DIM.
SOLID DiM.

NEIGHBORHOOD DiM.

JUST ABOUT HERE

UNKNOWN DIM.
REVISED DIM.

CLOSE ENOUGH

PRESS FIT

DEAD NUTS

Unofficial Drawing
Symbols
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NNever accep
true which you do not clearl
know to be s

This idea may have been the
starting point for the
development of modern science.
That idea of examining
everything in relation to what
shoul d be fHexact an
to Descarteso devel
CartesiafoCooraértabecSystem i a
coordinate plane to make it

easier to describe the position of

objects.



Periodic Table of GD&T Symbols

FORM ORIENTATION PROFILE RUNOUT LOCATION
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Straightness Parallelism Line Profile Circular Runout Position
= 6.41| = = 6.6.3 6.5.2(b) | & 6.7.1.2.1| < 52
©0® @ OB®OOD [} ©®0 ® ®® @
v = N Potad —
Flatness Angularity Surface Profile Total Runout Symmetry
£F 6.42 | <= = 6.62| 7 6522 | © 6.7.122| = 513
&l A
= 5
Circularity Perpendicularity Concentricity
© 643\ = 6.6.4 A 5.12
®®
Cylindricity
@ 6.4.4
/—\
8

DESIMONE

Engineering




500£.0 10—'?‘-‘1

e 1,7502.005— fe 2.762.02 i

= 1.120£.008 f=-

- e 4502£.008

1.3752.005~

+.008
@.980 ey

o
== O'/f
L AL

1/
\F

+.003
'3“"-.oooJ

1.126-12 UNF=2A

SHAFT

FLANGE MOUNT, SHAFT, &
HOUSING SUBASSEMSLY




Flange Mount

e 1,7 50%.00 5 et e 2,76%.02 g
5002.0 10 =t=w-a—

i 1,1202.005 p=e-

- —— 450 2.008
2 | @1.3752.005
001 B —-—
> 1
o = e A A
«.005 . -
2 .880 -.000 == #
) J
C @.315+.003
-,000 ’
L0015| A *
_— X @.820% 0
T o003 b | @.002 (8@
- §-12 UNF=2A 8x @.210 %008
- & |2.003 M|8 @] =000
D|200s B A|C®
//] 003 | A
NOTE: THIS DRAWING PREFARED
IN ACCORDANCE WITH ASME
Y14.5M-19-
T T

DESIMONE 10

Engineering



Coordinate DI mensi o

- Over 150 years old,;

- Has Complications

Square tolerance zones
Ambiguous inspection setup

Fixed sized tolerance zones
Unwanted tolerance accumulation
Local Vs. full surface interpretation
2D not 3D

o0k whE
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PROBLEMS WITH COORDINATE
DIMENSIONAL TOLERANCE ALONE

As designed: +
1.000%£.001
R 6.00+£0.001 >|

As manufactured:

1.001
Will you accept the part
at right?

Problem is the control of
straightness.

How to eliminate the
ambiguity?

/—\
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Why GD&T is Important

X Saves money

. For example, if large number of parts are being
made — GD&T can reduce or eliminate inspection
of some features.

, Provides “bonus t ol er anc¢

X Ensures design, dimension, and tolerance
requirements as they relate to the actual function

X Ensures interchangeability of mating parts at the
assembly

X Provides uniformity

X It is a universal understanding of the symbols instead
of words

s, TR )
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Old Style

x Consider the following hole dimensioned with coordinate dims:

@@ /— @ .500+.003

e

HZILE

v

2000

-4
«CE

x Several Problems:
Two points, equidistant from true position may not be accepted.
Total tolerance diagonally is .014, which may be more than was

intended.
/—\
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x Consider the following hole dimensioned with coordinate dims:

I 2.000—-— /— & .500+.003

HOILE
X 010

Center can be
anywhere along the
diagonal line.

2000

x Several Problems:
Two points, equidistant from tru

Total tolerance diagonally is .01
intended. (1.4 Xs=1/4*010=.014) / >

ositidn may not be accepted.
which may be more than was

/-—'\
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Position Tolerance: Round Tolerance Zone

x Consider the same hole. but add GD&T:

(D .50+ 003

Plooro@| a| B |C

- 4.00 / -

L— A 200 | /

MMC = .500 -.003 = .497

T R S

DESIMONE 16

Engineering



TRUE POSITION

Tolerance zone
Dimensional /\
tolerance ?
1.00+£0.01 KTJ

v

¢.80+0.02 Hole center tolerance zone

True position \ Tolerance zone
tolerance

|4 1.20 —»

Engineering




X Cylindrical tolerance zone -- 57% Increase.
X Controls tolerance accumulation.

x Ut
X Su

1Izes bonus and shift tolerances.

Dports design objectives and intent.

xSpeci fications veri fi
X Reduces production and inspection costs.

/-—_\

"DESIMONE 18

nnnnnn

eeeee



Conversion Formula

YA

Measure X and Y location
and compare to the true position.

Actual Y / v
TrueY \t 2 \/ (Actual X - True X)? + (Actual Y - True Y)?

k‘/ the @ True Position tolerance

This formula must be less than

True X Actual X
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p1.00+0.02

$[p001®|A[B For@ the allowable tolerance = specified
N\ tolerance + (produced hole size - MMC hole size)

N

4 \ (J Produced True Pos tol
1.00 )
+ hole size @ @ @
B 0.97 out of diametric tolerance
<4— |1.20]|
A- MMC | 0.98 0.01 0.05 0.01
0.99 0.02 0.04 0.01
1.00 0.03 0.03 0.01
The default modifier for 1.01 0.04 0.02 0.01
frue position iIs MMC. LMC 1.02 0.05 0.01 0.01
1.03 out of diametric tolerance
o s ATt )
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DATUM PLANE A

~>‘ VIRTUAL CONDITION

¢0 25 GEOMETRIC TOLERANCE ZONE

THE MEANING
POSSIBLE |GEOMETRIC TOLERANCES| yirruAL
PRODUCED AT GIVEN CONDITION
SIZES PRODUCED SIZES
MMC 13.95 0.25 14.20
13.85 0.35 14.20
13.75 0.45 14.20
13.65 0.55 14.20
13.55 0.65 14.20
13.45 0.75 14.20
13.35 0.85 14.20
13.25 0.95 14.20

= $14.20

J

Example 8-12. Calculating the virtual condition of an external feature.

13.95
r =— D 1395
eo 1[@ 0.25 W]A
A |
|
|
THE DRAWING
THE CALCULATION:
MMC PIN = 13.95
+ GEOMETRIC TOLERANCE = 0.25
VIRTUAL CONDITION = 14.20

"DESIMONE™
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Virtual condition is
constant through the
range of produced
sizes
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Manufacturing fixtures
and tooling

(holding fixtures, cutting
tools, dies, and special
machines)

A better understanding of GD&T can decrease mfg fixture and tooling costs:

1. Larger tolerances result in lower fixture and tooling costs

2. Complete, clear drawings reduce assumptions that lead to improper fixtures and tooling.
3. Using the correct modifier (i.e. MMC instead of RFS) results in less expensive fixtures and
tooling. (Common improvement range 10-30%)

Revisions of mfg
fixtures and tooling
(holding fixtures, cutting
tools, dies, special
machines due to drawing
tolerance changes)

Using GD&T on drawings decreases the need for fixture and tooling revisions:

1. Larger tolerances decrease the need for fixture and tooling revisions

2. Complete, clear drawings reduce the guesswork that results in fixture and tooling
revisions. (Common improvement range: 30-50%)

Workpiece rework
(salvage procedures,
offline workpiece repairs,
etc.)

A better understanding of GD&T can reduce workpiece rework.

1. Larger tolerances decrease the need for workpiece rework.

2. Using the correct modifier (i.e. MMC instead of RFS) decreases the need for workpiece

rework.

3. Complete, clear drawings reduce the guesswork that results in workpiece rework.
(Common improvement range: 20-40%)

Workpiece scrap

Understanding GD&T will eliminate issues that lead to scrap:

1. Larger tolerances significantly lower scrap costs.

2. Complete, clear drawings reduce assumptions that lead to higher scrap costs.

3. Using the correct modifier (i.e. MMC instead of RFS) is less restrictive and results in less
scrap. (Common improvement range: 20-40%)

/-—\
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Process/Costs

How GD&T Saves $$$$$$

Drawing creation and
interpretation

ETI's GD&T training typically results in a 50% skills improvement in the understanding of
GD&T. This should translate into a 30-50% reduction in the cost to create and interpret
drawings. (Common improvement range: 30-50%)

Drawing changes

Using GD&T correctly on drawings can decrease drawing changes by 50% through:
1. Proper tolerance analysis
2. Creating proper drawings
3. Understanding how to correctly determine tolerance values
(Common improvement range: 40-60%)

Communicating design
requirements to

suppliers & mfg
(meetings, trips, etc.)

Drawing specifications are often misinterpreted after release. If companies, suppliers, and

manufacturing possessed the same skill levels as the people creating the drawings, your

company could eliminate up to 50% of the meetings needed to re-explain drawing intent.
(Common improvement range: 30-50%)

Gage design, gage
cost, software, and
inspection equipment

A better understanding of GD&T can decrease gage costs:
1. Larger tolerances cost less to gage
2. Clear, concise drawings result in the creation of proper gages
3. Using the correct modifier results in less expensive gages (i.e. using the MMC modifier
saves 80% over using the RFS madifier)
(Common improvement range: 20-30%)

Revisions of gages and
inspection equipment
resulting from drawing
tolerance changes

Using GD&T on drawings eliminates the need for revisions of gages and inspection
equipment:
1. Larger tolerances lower the need for gage and inspection equipment revisions.
2. Complete, clear drawings reduce assumptions that lead to gage revisions.
3. Better interpretation of drawings leads to fewer gage revisions.

(Common improvement range: 40-60%)

/-—\
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Assembly

(includes fixtures and
tools used to assemble
the product)

The proper use and understanding of GD&T identifies function and assembly problems on
paper. It saves both time and money through:
1. Proper tolerance analysis
2. Creating proper drawings
3. Understanding how to correctly interpret drawings
(Common improvement range: 20-40%)

Warranty costs

The proper use of GD&T and design skills could reduce warranty costs related to functional
problems through:

1. Proper tolerance analysis
2. Complete, clear drawings (Common improvement range: 10-20%)

Plant or production line
shutdowns

The proper use and understanding of GD&T helps avoid major plant problems through:
1. Larger tolerances

2. Clear, complete drawings
3. Proper tolerance analysis (Common improvement range: 10-30%)

How GD&T Saves Money at Each Stage of Product Development

DESIMONE
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by Alex Krulikowski (ETImail, Vol. 2, Issue 2)
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Save $$$ with GD&T

Produce ?
Quality

Communicate P
GD&T roducts
STEP 1 STEP 2 STEP 3 $$$ SUCCESS
S A )
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