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Omnex provides training, consulting and software solutions to the
international market with offices in the USA, Canada, Mexico, China (PRC),
Germany, India, the Middle East, and SE Asia. Omnex offers over 400
standard and customized training courses in business, quality,
environmental, food safety, laboratory and health & safety management
systems worldwide.

Email: info@omnex.com

Web: www.omnex.com
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Omnex Introduction

* International consulting, training and software development organization founded in 1985.
* Specialties:

— Integrated management system solutions.
— Elevating the performance of client organizations.

— Consulting and training services in:
* Quality Management Systems, e.g. ISO 9001, IATF 16949, AS9100, QOS
* Environmental Management Systems, e.g. ISO 14001
e Health and Safety Management Systems, e.g. OHSAS 18001
e Leader in Lean, Six Sigma and other breakthrough systems and performance enhancement.
— Provider of Lean Six Sigma services to Automotive Industry via
AIAG alliance.
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About Omnex

 Headquartered in Ann Arbor, Michigan with offices in major global markets.

e |In 1995-97 provided global roll out supplier training and development for Ford
Motor Company.

 Trained more than 100,000 individuals in over 30 countries.
 Workforce of over 400 professionals, speaking over a dozen languages.

* Former Delegation Leader of the International Automotive Task Force (IATF)
responsible for ISO/TS 16949.

* Served on committees that wrote QOS, 1ISO 9001:2000, QS-9000,
ISO/TS 16949 and its Semiconductor Supplement, and ISO IWA 1
(1ISO 9000 for healthcare).

« Member of AIAG manual writing committees for FMEA, SPC, MSA, Sub-tier
Supplier Development, Error Proofing, and Effective Problem Solving (EPS).

OMNEX
4

Copyright 2018 Omnex, Inc. All Rights Reserved.
WWW.OMNEX.COM



Omhex Worldwide Offices

o Omnex Global Head Quarters (Michigan, USA)
West Coast Operations (San Jose, CA)

o Middle East (Dubai, Saudi Arabia, Bahrain)

o Asia Pacific HQ (Chennai, Pune, Delhi, Bangalore) o Thailand (Bangkok)
o China (Shanghai, Guangzhou, Wuhan, Chengdu) Mexico (Monterrey)
o Canada (Mississauga) o Singapore

o Europe (Berlin, Germany) o Malaysia (Kuala Lumpur)




Rules of the Classroom

v’ Start and end on time

v Return from breaks and lunch on time
v" All questions welcome

v" Your input is valuable and is encouraged
v Don’t interrupt others

v' One meeting at a time

v’ Listen — and respect others’ ideas

v' No “buts” — keep an open mind

v" Cell phones & pagers off or silent mode

_—— v" No e-mails, texti

eeting during class

e call or answer a text pl




L —————— — —

Icebreaker

* |Instructor Information:
— Name

— Background

* Student Introductions:
— Name

— Position / Responsibilities

— What is your involvement in the
new product development
process?

— What are your experiences with APQP?

— Please share something unique and/or interesﬁt-i—'hg about
yourself.
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Chapter #1 Tolerance Stack-up Introduction

What is Dimension and Tolerance

There are two components to the definition of part geometry:

1. nominal state: Nominal Dimension:
2. allowable variation: Tolerance :

Two dimensioning system:

1. plus/minus dimensions and tolerances
2. GD&T Geometric Dimensioning and Tolerancing GD&T

Or combination of both systems.

the best way to tolerance features is by using GD&T. GD&T is the only way to ensure that
everyone interprets the dimensioning and tolerancing specifications the same way.
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Chapter #1 Tolerance Stack-up Introduction

Tolerance Stack up Questions

Tolerance Stack ups provide a numerical answer to a question. Typical questions include:

¢ Will these two surfaces interfere?

e What is the minimum distance between the bolt head and the flange at 90° ?

e What is the maximum thickness of the two parts that must fit within this groove?

e Will the pin fit within the hole?

e How large can the body of the switch be and still assemble?

e What is the worst-case largest angle possible between these surfaces?

e How do | know if the worst-case assembly will satisfy its dimensional objectives?

e |If we reduce the size of the clearance holes, will the parts still assemble?

¢ Will the dimensioning and tolerancing scheme used on the parts allow too much variation at
assembly? Should the drawings be redimensioned and retoleranced to reduce the accumulation
of tolerances?

e |If we chuck the part using this diameter, how much tolerance is allowed for the smaller coaxial
diameter?
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Chapter #1 Tolerance Stack-up Introduction

Tolerance Stack up Target

1. Optimize the tolerances of parts and assemblies in a new design.

2. Balance accuracy, precision, and cost with manufacturing process capability.

3. Determine the part tolerances required to satisfy a final assembly condition.

4. Determine the allowable part tolerances if the assembly tolerance is known.

5. Determine if the parts will work at their worst-case condition or with the

maximum statistical variation.

6. Determine if the specified part tolerances yield an acceptable amount of
variation between assembled components.

7. Troubleshoot malfunctioning existing parts or assemblies.

8. Determine the effect changing a tolerance value will have on assembly
function.

9. Explore design alternatives using different or modified parts.

OMNEX
4

Copyright 2018 Omnex, Inc. All Rights Reserved. 13
WWW.OMNEX.COM



Chapter #1 Tolerance Stack-up Introduction

Accuracy vs Precision

Most Accurate

Less Precise More Precise

Precision

FIGURE 1.2 Accuracy vs. precision.

Precise and Accurate
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Chapter #2 Dimensioning and Tolerancing

Types Of Dimensions - Linear and angular dimensions

70
—= 20 |~-30— 20 |-—
-— 70 - 0 — 20 -—30—-i
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Linear Dimension Chain Dimensions  Chain Dimensions
with Overall Dimension
(Correct Method)
NG

250——-—,

e

Angular Dimension Angular Dimension
Chain Dimensions Not to Scale
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Chapter #2 Dimensioning and Tolerancing

Types Of Dimensions - Linear and angular dimensions
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Chapter #2 Dimensioning and Tolerancing

Types Of Dimensions - Rectangular’ coordinate dimensioning

Hole Label Diameter

A a7

B (B35

C 32
40

A {4240 20
25 ""_-'é;:"}' i ] ]

442420
10 -4) = (#)E
: i i
28 g g8R°8 8

Rectangular Coordinate Dimensioning
Without Dimension Lines
Hole Size Stated in Chart
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Chapter #2 Dimensioning and Tolerancing

fypes Of Dimensions - Rectangular’ coordinate dimensioning
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oX 5 Actangular Coordinate Dimensioning

METRIC DRAWING
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Chapter #2 Dimensioning and Tolerancing

How to Specify Tolerance

* Tolerances may be stated specifically or generically as described below:
1. Title Block or General Note Tolerances
2. Local Plus/Minus Tolerances
3. GD&T

Note: only linear units may be specified in a feature control frame.

Dimensions must be arranged and related in such a way to minimize tolerance
accumulation between related features.
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Chapter #2 Dimensioning and Tolerancing

GD&T Drawing
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FIGURE 2.4 Drawing with GD&T.




Chapter #2 Dimensioning and Tolerancing

Geometric Tolerance Symbol

Geometric Tolerances
GEOMETRIC TOLERANCE AND SYMBOL
——  STRAIGHTNESS
FORM /7  FLATNESS
TOLERANCES ()  CIRGULARITY (ROUNDNESS)
A)Y  cyunpriciry
- ANGULARITY
ORIENTATION
TOLERANGES PERPENDICULARITY
// PARALLELISM
$- POSITION
LOCATION
TOLERANGES @ CONCENTRICITY
— SYMMETRY
PROFILE Yy PROFILE OF A LINE
TOLERANCES |~ PROFILE OF A SURFACE
RUNOUT /ﬁ’ CIRCULAR RUNOUT
TOLERANCES | 757 TOTAL RUNOUT
FIGURE 2.5 GD&T symbology.




Chapter #2 Dimensioning and Tolerancing

Feature Characteristics And Associated Tolerance Types

four types of tolerances:
* Size tolerances
* Form tolerances
* Orientation tolerances
* Location tolerances
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Chapter #2 Dimensioning and Tolerancing

Feature Characteristics And Associated Tolerance Types

* Size:
Only features of size have size as defined in the ASME Y14.5M-

1994 standard. Therefore, only those features that are features
of size require a size tolerance.

Some features, such as a single planar feature, do not have size
characteristics and therefore do not require a size tolerance to be
completely defined.
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Chapter #2 Dimensioning and Tolerancing

Feature Characteristics And Associated Tolerance Types

* Form
every feature must have a form tolerance, either directly or indirectly
specified.

directly specified form tolerances include flatness, circularity, cylindricity,
and straightness.

indirectly specified form tolerance comes with rule #1, a profile of a
surface tolerance to a basically defined surface. profile of a surface may
control form, orientation, location, and possibly even size

indirect methods of controlling form can be overridden by specifying a
form tolerance with a smaller value.
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Chapter #2 Dimensioning and Tolerancing

Feature Characteristics And Associated Tolerance Types

e QOrientation

can be considered as the angle between features, or more

precisely, orientation is the amount a feature may tilt relative
to a datum reference frame.

Aside from the primary datum feature, every feature on a
part is oriented to other features. A primary datum feature is
exempt because all other features are directly or indirectly
oriented to it.
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Chapter #2 Dimensioning and Tolerancing

Feature Characteristics And Associated Tolerance Types

* QOrientation may also be controlled directly or indirectly.

* Dimensions with = tolerances for all features rely on the default angular =
tolerance in the title block to control the orientation of all features.

 Other methods of indirectly specifying an orientation tolerance occur where a
profile of a surface tolerance is related to a datum reference frame and where a
positional tolerance is related to a datum reference frame—both of these cases
control orientation and may also control size, form, and location.
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Chapter #2 Dimensioning and Tolerancing

Feature Characteristics And Associated Tolerance Types

* Location tolerances must be directly specified, as they are not subsets of other
tolerance types.

For example, a positional tolerance related to a datum reference frame
controls orientation as a subset of position, but only positional, run out,
concentricity, symmetry and profile tolerances control location.
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Chapter #3 Tolerancing Format and Decimal Places

Types of Tolerancing

Tolerancing with SI Units:
{millimeters)

Tolerancing with U.S. Customary Units:
(inches)

Limit Dimension

8.75
I—— 8 25 —-—l hkk

Same number of decimal places in both limits.

Limit Dimension

8.75
8.25 ’ '

Same number of decimal places in both limits.

Equal Bilateral Tolerancing

e

Number of decimal places may be different for
dimension and tolerance.

Equal Bilateral Tolerancing

I—— 8.50 +.25 ——'

Number of decimal places must be the same
for dimension and tolerance.

Unequal Bilateral Tolerancing
+0.25
I—-— 85 025 e

have the same number of decimal places.

Number of decimal places may be different for
dimension and tolerances. Both tolerances must

Unequal Bilateral Tolerancing

+.25
I—— 8.50 +2°

Number of decimal places must be the same for
dimension and both tolerances.
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Chapter #3 Tolerancing Format and Decimal Places

Types of Tolerancing

Tolerancing with Sl Units: Tolerancing with U.S. Customary Units:
(millimeters) {inches)
Unilateral Tolerancing Unilateral Tolerancing

+025 +25
I—-—s.s 0 —-| ’—— 850 * 25

Number of decimal places may be different for Number of decimal places must be the same for

dimension and tolerances. The zero tolerance dimensions and both tolerances.

has no decimal places and is not preceded by a
+ or - sign.

Leading zeroes for dimensions and
tolerances. Trailing zerces only used in
certain applications, (marked ***).

No leading zeroes for dimension values.
Trailing zeroes used where needed.

Angular Dimensions and Tolerances /§ ' //T

2’3-5. t1--0' 2‘3.5““ “*0.59’

Unequal Bilateral -0.25°
4 i

Angles may be specified using decimal degrees or degrees, minutes and seconds. If decimal degrees
are used, the number of decimal places must be the same for the dimension and both tolerances.
Angular dimensions and tolerances follow the same rules on drawings prepared using either type of
units.

Equal Bilateral
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Chapter #3 Tolerancing Format and Decimal Places

Tolerance Limit and Statistic Tolerancing

Limit Dj
mension Dimensional Limits:
- 800 9.00
B8.50 I 850 Mean
Equal Bilateral Tolerancing Normal or Gaussian Curve

Dimensional Limits:

’-— 875025 ——l 9.00
8.50

Unequal Bilateral Tolerancing Dimensional Limits:
+02 9.00
r‘_ 8.8 09 —’ 8.50

Unilateral Tolerancing - Positive

Dimensional Limits: Tolerance values are more likely to be in the center of the range

!__ 85 +35 __i 9.00 near the mean than at the extremes with controlled processes.
8.50

Ficure 3.3 Gaussian distribution and the Central Limit Theorem.

Unilateral Tolerancing -Negative Dimensional Limits:

g 0 9.00
05 I 8.50
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Chapter #4 Tolerancing Converting

Converting Limit Dimensions to Equal Bilateral Format

Example #4.1 ¢ (Given a limit dimension,

10.00 Upper limit (metric format)

9.55 Lower limit (metric format)

Total tolerance = 1) — 9.55 = (.45

Equal bilateral tolerance value = E = ().225

2

Adjusted nominal value = 9.55 + 0.225 = 9.775

Conversion complete:
Equal bilateral equivalent = 9.775 + 0.225
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Chapter #4 Tolerancing Converting

Converting Limit Dimensions to Equal Bilateral Format

E le #4.2
xample 8.50 f %3

Upper limit = 8.50 + .25 = 8.75
Lower Iimit = 8.50 — .10 = 8.40

Total tolerance derived from given tolerances
= 25 + .10 = .35

35

Equal bilateral tolerance value = - = 175

8.40 + .175 = 8.575

Conversion complete :
Equal bilateral equivalent = 8.575 £ .175
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Chapter #4 Tolerancing Converting

Converting Limit Dimensions to Equal Bilateral Format

Example #4.3

+ .25

8-50° _ 60

Conversion complete :
Equal bilateral equivalent = 8.625 + .125
Example #4.4
0
8:5 _0.25

Conversion complete:

Equal bilateral equivalent = 8.375 £ 0.125




éhapter #4 Tolerancing Converting
Mean Shift

* In converting unequal bilaterally and unilaterally toleranced dimensions to
equal bilateral format, the dimension value changed to the midpoint or mean
of the tolerance range.

* Where dimensions are included in the Tolerance Stack up, the mean shift is
little more than a curiosity, as it has no effect on the outcome of the
Tolerance Stack up.

 The mean shifts are accounted for in the Tolerance Stack up method. Using
more advanced and streamlined methods where the dimensions are not
included and only the tolerances are manipulated, the mean shift must be
accounted for.
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Chapter #4 Tolerancing Converting

Mean Shift Example #4.1a

No Mean Shift Example 4.1a. Mean Shift Calculation for Limit Dimensions
Converted into Equal Bilateral Format

* (Given a limit dimension,

10.00 Upper limit (metric format)

9.55 Lower limit (metric format)

Example #4.2a

With Mean Shift g 50 t %{5]

8.575+ .175

Converted dimension value (mean) — original dimension value
(nominal) = mean shift

Mean shift = 8.575 — 8.50 = .075
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Chapter #4 Tolerancing Converting

Mean S-hift
Example #4.3a 1 25
8-50 . *00
8.625 + .125
Mean shift = 8.625 — 8.50 = .125
Example #4.4a 0
8+S _0'25
8.375 +0.125

Mean shift = 8.375 — 8.50 = —0.125
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Chapter #5 Source of Variation

Sources of Variation

1.Tolerances specified on the drawing
2. Variation encountered in the inspection process
3. Variation encountered in the assembly process .

only specified tolerances, datum feature shift and assembly shift should be included in a
Tolerance Stack up, the other sources of variation arc merely included here for
descriptive purposes.
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Chapter #5 Source of Variation

Sources of Variation

 Manufacturing Process Limitations (Process Capability)

 Tool Wear

 QOperator Error and Operator Bias

e Variations in the material from the foundry, or material formed or
cut by a 5. previous process contribute to possible variation.

 Ambient Conditions

» Difference in Processing Equipment

» Difference in Process

* Poor Maintenance

* |Inspection Process Variation and Shortcuts

 Assembly Process Variation
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Chapter #6 Tolerance Analysis

What Is Tolerance Analysis?

Tolerance Analysis is a global term that includes two subcategories:

1. To determine the meaning of individual tolerancing specifications;

2. To determine the cumulative variation possible between two or more features.

The second part of the definition is commonly called a Tolerance Stack up.
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Chapter #6 Tolerance Analysis

Typical questions of Tolerance Stack up

e Will these two surfaces touch in their worst case? If so, how much will they interfere?

e What is the minimum distance between the bolt head and the flange at 90° ?

e What is the maximum thickness of the two parts that must fit within this groove?

e Will the pin fit within the hole?

e How large can the body of the switch be and still assemble?

e What is the worst-case largest angle possible between these surfaces?

e How do | know if the worst-case assembly will satisfy its dimensional objectives?

e Why is there interference between these existing parts?
is the interference allowed by the part tolerances and the assembly process?

e |f we reduce the size of the clearance holes, will the parts still assemble?

e Will the dimensioning and tolerancing scheme used on the parts allow too much
variation at assembly? Should the drawings be redimensioned and retoleranced to
reduce the accumulation of tolerances?

e |If we chuck the part using this diameter, how much tolerance is allowed for the smaller
coaxial diameter?
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Chapter #6 Tolerance Analysis

Steps of Tolerance Stack up
1.The distance to be studied is identified and labeled.

2. The positive and negative directions of the Tolerance Stack up are identified.
3. A Tolerance Stack up sketch is created.

4. The dimensions in the positive direction are added together.

5. The dimensions in the negative direction are added together.

6. The negative direction total is subtracted from the positive direction total to find the
“nominal” distance.

7. All applicable tolerances are added together. This is the to all possible variation.

8. Half of the total possible variation is added to the nominal distance to find the Upper Limit
for the distance.

9. Half of the total possible variation is subtracted from the nominal distance to find the lower
limit for the distance.
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Chapter #6 Tolerance Analysis
A Tolerance Stack up allows the designer to

1.To Optimize the tolerances of parts and assemblies in a new design.

2. Balance accuracy, precision, and cost with manufacturing process capability.
3. Determine the part tolerances required to satisfy a final assembly condition.
4. Determine the allowable part tolerances if the assembly tolerance is known.

5. Determine if the parts will work at their worst-case condition or with the maximum
statistical variation.

6. Determine if the specified part tolerances yield an acceptable amount of variation
between assembled components.

7. Troubleshoot malfunctioning existing parts or assemblies.
8. Determine the effect changing a tolerance value will have on assembly function.

9. Explore design alternatives using different or modified parts.
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Chapter #6 Tolerance Analysis

Four Main Factors That Determine Which Dimensions And Tolerances Are
Included In A Tolerance Stack Up

e The geometry of parts and assemblies that contribute to the distance being
studied in the Tolerance Stack up

e The dimensioning and tolerancing schemes on the drawings of the parts and
assemblies in the Tolerance Stack up

e The assembly process, how the parts are assembled

e The direction of the Tolerance Stack up and the direction of the dimensions
and tolerances
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Chapter #6 Tolerance Analysis

Methods And Types Of Tolerance Analysis

1.Manually modeled:

Manually modeled analyses are done by hand, using pen and paper, or
spreadsheet programs. Manual analyses are limited to linear (one-dimensional)
variation.

2. Computer modeled.
Three-dimensional analyses are best suited to computer-modeling
tools. Computer modeled analyses are performed by computer
statistical simulation programs. Programs are available for one-,
two-, and three- dimensional analyses.

Tolerance Stack ups are performed to determine the variation
of a single untoleranced dimension or distance.
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Chapter #6 Tolerance Analysis

The direction of a linear Tolerance Stackup

 The direction of a linear Tolerance Stack up is always along a straight line.

 Dimensions and tolerances on surfaces at an angle to the Tolerance Stack
up direction may need to be projected into the direction of the Tolerance
Stack up using trigonometry.

 Dimensions and tolerances that are perpendicular to the Tolerance Stack

up direction typically have no effect on the Tolerance Stack up and are
usually

not included in the chain of Dimensions and Tolerances.
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Chapter #6 Tolerance Analysis

There are two major types of Tolerance Analysis

1. worst-case (arithmetic):
Worst-case tolerance analyses represent the largest (worst-case) possible
variation.

2. statistical Tolerance Analysis:
For a Tolerance Stack up with many dimensions and tolerances,
statistical tolerance analyses may be more appropriate.
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Chaptef #6 Tolerance Analysis

Examples of Tolerance Stackup

What are the Minimum and Maximum Distance for Gap A-B? D1+0863
Gap
D7 +0.63 s =
A D6 £0.63 —w=| =
\ ; D5 +0.63
10205 ——-‘—— 3002 . 14 0.5
. D4 +0.63
' -~ D3z0683 [~
D2 +0.63 pe—
| - - T N
- < A §
N / \// N
\ N N
\ N N
45+05 —— § / / 5 / N
N
N / N
N /,k\ %\/ N
Pin with Groove T T T T T O T O T Ot
FIGURE 6.1 Single part with missing dimensions. Simple Assembly with Missing Dimension




Chapter #6 Tolerance Analysis

Examples of Tolerance Stack up

A - I

NOMINAL 40£1.5 \-@
DISTANCE
A-B?
i QO O
M4 BOLTS —/ 20 +1 ———————

Simple Assembly with Missing Dimension

FIGURE 6.2 Assemblies with missing dimensions.
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Chapter #7 Worst Case Tolerance Stack-up

Worst-case Tolerance Stack up

1. Select the distance (gap or interference) whose variation is to be determined
Label one end of the distance A and the other end B (see Fig. 7.1).

LABEL POINT B ISSING
" DISTANCE
— 11 +1
179

- —— 1E —
17
A
/ B

LABEL POINTA —

- +1
577,

FiGuRE 7.1

Worst-case chain of Dimensions and Tolerances #1.
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Chapter #7 Worst Case Tolerance Stack-up

Worst-case Tolerance Stack up

2. Determine if a one-, two-, or three-dimensional analysis is required.

a. two-dimensional analysis: resolved into one dimension using
trigonometry

b. three-dimensional analysis: a linear Tolerance Stack up is
probably not appropriate, and a computer program should be used
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Chapter #7 Worst Case Tolerance Stack-up

Worst-case Tolerance Stack up With Dimensions

3. Determine a positive direction and a negative direction.

a. dimension that spans distance A—B: positive dimension “+“
b. dimension that decrease distance A—B: negative dimension “-“

MISSING - LABEL ALL

DISTANCE AWAY FROM DIMENSIONS + or —
POINT A
11 1 = NEGATIVE ~
DIRECTION e
0 . 18 __
17_4 17 MISSING +DIMS
A B DISTANCE
4th
——<P~ 1 #1
1st 3-d
i
7.9 T“o — 18 _4
A B .
DIMENSION
ORIGIN
—— 57
(¢ 57,

+

2nd
LABEL OVERALL DIM POSITIVE _/ L o7 +1

(Includes Gap Being Studied) POSITIVE DIRECTION o

FIGURE 7.2 Worst-case chain of Dimensions and Tolerances #2. FIGURE 7.3 Worst-case chain of Dimensions and Tolerances #3.
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Chapter #7 Worst Case Tolerance Stack-up

Worst-case Tolerance Stack up With Dimensions

4. Determine a positive direction and a negative direction.

START FINISH
A B

MISSING
DISTANCE

—B 11 +1

FIGU‘HE ?.e_l Worst-case chain of Dimensions and Tolerances #4. Follow the chain
of dimensions and tolerances from point 4 to point B to make sure there are no
breaks or discontinuities in the chain.
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Worst-case Tolerance Stack up With Dimensions

5. Convert all dimensions and tolerances to equal bilateral format (See Fig. 7.5).
Instructions for how to do this are included in Chapter 4

CONVERT ALL DIMENSIONS
AND TOLERANCES TO
EQUAL BILATERAL FORMAT

A B MISSING

- DISTANCE
\Conveﬂed - 11 11 /— Converted
16.5 0.5 —=— —175205 b—

<L— 565 +1.5

e
™~ Converted

FIGURE 7.5 Worist-case chain of Dimensions and Tolerances #5.
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Worst-case Tolerance Stack up With Dimensions

6. all the dimensions and tolerances put into a chart and totaled. Place
each positive dimension value in the positive column on a separate
line. Place each negative dimension value in the negative column on

a separate line. (See Fig. 7.6.)
MISSING A B
DISTANCE
~Q- 11 £1
16.5 £0.5 —~——O —| 175105 ¢

h—

QP——— 56.5+15

+ - Tolerances

16.5 +0.5

565 1.5

17.5 £0.5

11 +1
TOTALS 45 3.5
POSITIVE _/
TOTAL
NEGATIVE TDTAL

TOTAL TOLERANCE
VALUE

FiGure 7.6 Worst-case chain of Dimensions and Tolerances #6.
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Chapter #7 Worst Case Tolerance Stack-up

Worst-case Tolerance Stack up With Dimensions

7. Place the tolerance value for each dimension in the tolerance column
adjacent to each dimension. This value is half the total variation
allowed by the tolerance

8. Add the entries in each column, entering the results at the bottom of the

chart.
+ - Tolerances
16.5 +0.5
56.5 £1.5
17.5 +0.5
11 +1
TOTALS 45 +3.5
POSITIVE _/
TOTAL
NEGATIVE TOTAL
TOTAL TOLERANCE
VALUE
FIGURE 7.6 Worst-case chain of Dimensions and Tolerances #6.
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Chapter #7 Worst Case Tolerance Stack-up

Worst-case Tolerance Stack up With Dimensions

9. Subtract the negative total from the positive total.

MISSING A B

DISTANCE < - Tolerances
: \ 16.5 +0.5
- 11-:1 56.5 +1.5
165805 ——— —| 17.5:05 O— - 17.5 0.5
- ) 11 +1
TOTALS 56.5 45 +3.5

POSITIVE TOTAL 56.5
- NEGATIVE TOTAL _ -45 _MAX DIST. = 15
= NOMINAL DISTANCE 11.5 3.5

“\.MIN DIST. =8
TOTAL /
TOLERANCE

VALUE

p——— 565 £1.5 .
+ FIGURE 7.7 Worst-case chain of Dimensions and Tolerances #7.




Chapter #7 Worst Case Tolerance Stack-up
Assembly Shift

* Assembly shift represents the amount that parts can move during assembly
due to the clearance between a hole and a fastener, a hole and a shaft, a

width and a slot (like a key and keyway) or between any external feature
within an internal feature.

* Assembly shift accounts for the freedom parts have to move from their

nominal locations due to the clearance between mating internal and external
features at assembly.

e Parts are routinely subjected to forces during assembly: such as gravity
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Chapter #7 Worst Case Tolerance Stack-up

Assembly Shift

Assembly shift is often overlooked until there is a problem at assembly or
until a Tolerance Stack up is performed.

Clearance Hole
in Washer
Fastener Body
Washer
—||=— shift
Fastener Body
- c’—‘
: B NN INNWN SN NN
A e m i
S
Washer Shifted Right Washer Shifted Left
Clearance Hole
Washer Shifted about Fastener
Nominal Washer & Fastener FiGURe 7.8 Shift about a fastener.
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Assembly Shift — Floating Fastener

_— (310 +0.6 HOLES

—— M8 FASTENER

= —=— M8 FASTENER

7 77777
x% NN

Floating Fastener

I-—— @10 HOLES

©10.6 HOLES {LMC)

M8 FASTENER —— -—

W 777777,
KL R

U

Floating Fastener w/ Holes @ LMC

major diameter of the fastener must he used in the Tolerance Stack up. A
common shortcut: use the nominal size, exp. 8mm for M8.
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Chapter #7 Worst Case Tolerance Stack-up
Assembly Shift — Floating Fastener

NOMINAL HOLE @ 10 -
+ SIZE TOLERANCE 406 \
LMC (LARGEST)HOLE @ 10.6 7/
LMC (LARGEST) HOLE @ 10.6
- FASTENER & -8
WORST-CASE ASSEMBLY SHIFT 2.6 Part 1 Shifted Left 26 _._‘ ’_.,
Converttot: 26/2=113 — |

: .

2.6 Part 2 Shifted Right

Worst-Case Assembly Shift about Fastener

FiGURE 7.9 Worst-case assembly shift. The Worst-Case Assembly Shift applies to
gach part. Each part may shift +/-1.3mm relative to the fastener, leading to Total

Assembly Shift of 2 *+1.3=+2.6.

Assembly shift is greatest when the hole and the fastener are at their least material
conditions (LMC), which are the largest hole and the smallest fastener. e
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Chapter #7 Worst Case Tolerance Stack-up

Rules for Assembly Shift

* In fixed-fastener cases assembly shift is added to the Tolerance Stack up once,
representing the amount the clearance holes can shift about the fastener.

* In floating-fastener cases assembly shift is added to the Tolerance Stack up
twice, each line representing the amount the clearance holes in each part can
shift about the fastener.

The amount each part may shift about the fastener is independent of
the mating parts and must be calculated separately.
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Chapter #7 Worst Case Tolerance Stack-up

Rules for Assembly Shift

* Assembly shift is typically not calculated for fasteners within a threaded hole
because fasteners are commonly assumed to self- center within the threaded

holes.

there is always some clearance between internal and external threads, and
assembly forces do bias the threads at assembly. A simplified approach could
be to compare the difference between the pitch diameters of mating male and
female threads, which is sometimes called the allowance, and use that value

for the assembly shift.
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Chapter #7 Worst Case Tolerance Stack-up

Rules for Assembly Shift

* |In cases where the results of the Tolerance Stack up are very critical and the
tolerances are tight, it may be necessary to calculate or estimate the
amount that a threaded fastener may move within a threaded hole.

* |n cases where oversized holes or slots are used to allow for adjustment at
assembly, the assembly shift may be eliminated or even subtracted from
the total tolerance. The assembly process will allow time for adjustment,
that the assemblers understand the purpose of this extra adjustment, and
the parts can be adjusted at assembly, i.e., they are not too heavy or
awkward to properly be adjusted to an optimal position.
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Chapter #7 Worst Case Tolerance Stack-up

Rules for Assembly Shift

 Adjustment at assembly:
The parts must be able to be adjusted at assembly if the assembly
shift is to be eliminated or subtracted from the total tolerance.

Some parts may be too heavy, too large, too small, too awkward, or
difficult to access or see the critical dimension to allow for proper
adjustment at assembly. In these cases the assembly shift should be
included in the Tolerance Stack up.

This text assumes that there is no adjustment at assembly and that
any and all possible assembly shift will show up at final assembly.

Given that premise, each occurrence of assembly shift must be
included in the Tolerance Stack up.
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Chapter #7 Worst Case Tolerance Stack-up

The Role Of Assumptions In Tolerance Stack ups

What’s the coaxial relationship? - Not toleranced!

— 920208 — 13402

10 +0.3 . 3B+ ——

COAXIALITY BETWEEN THESE DIAMETERS IS NOT SPECIFIED.

FIGURE 7.10 Coaxial pin without GD&T.
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The Role Of Assumptions In Tolerance Stack ups

* Framing the problem requires assumptions: idealization
The Tolerance Analysis techniques presented in this text are for
solving one- dimensional, linear Tolerance Stack ups.

All parts are considered in a static state.

The Tolerance Stack up allows parts to shift or rotate relative to
one another during assembly, but the study is performed in a
static condition.

Typically a worst-case static condition, reflecting worst- case
misalignment, minimum clearance, or maximum interference. If
desired, statistics may be used to reduce the predicted worst- case
total variation.
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Chapter #7 Worst Case Tolerance Stack-up

The Role Of Assumptions In Tolerance Stack ups

* Tolerance Stack ups are performed with these considerations:
If more than one position or orientation of a part must be studied, then
a Tolerance Stack up should be done for the considered feature at each
important position or orientation.

Tolerance Stack ups are performed at a specified temperature. Unless
specified otherwise, Tolerance Stack ups are performed at ambient
temperature, the temperature at which the parts are assembled and! or
inspected.

If a study is needed to account for differential thermal expansion, then
the study should be done at the operating temperature. It may be
common in some industries to perform Tolerance Stack ups at a number
of temperatures to account for various stages of cooling or heating
during operation.
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Chapter #7 Worst Case Tolerance Stack-up
The Role Of Assumptions In Tolerance Stack ups

 Here parts are assembled at one temperature and operate at a different
temperature, it is important to study both conditions, as the parts must be
assembled before they can operate.

* Tolerance Stack ups are most accurate when done on parts and assemblies
at the temperature at which they were inspected

* Many more assumptions are required for Tolerance Stack ups done at
reduced or elevated temperatures

e (Catalog parts: it is very common to have no tolerances available on a
catalog data sheet. More commonly a detail is included showing the
required mating part geometry, typically inadequate from a Tolerance
Analysis, such as bearing, bolt, bushing, etc.
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Chapter #7 Worst Case Tolerance Stack-up

Worst-case Tolerance Stack up Examples #7.1

N/

GIVEN:

10+£0.5 —J=— == 30 £0.2 — 13.2+05

=

45 £0.5

Stackup Direction

=g} —-—

Solve for Minimum and Maximum Gap A-B

FiIGure 7.11 Pin with groove.
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Chapter #7 Worst Case Tolerance Stack-up
Worst-case Tolerance Stack up Examples #7.1

@- J
—(]

[ (]

@+
45 0.5 -
Tolerance Stackup Sketch

+ - Tolerances | Description
30 +0.2 GROCOVE - HEAD
45 0.5 OVERALL LENGTH
13.2 +0.5 TIP - GROOVE
45 432 +1.2 Totals
Fositive Total 45
— Negative Total —43.2 L MaxX GAP =3
= Mominal Gap 1.8 +f= 1.2
_/ NMIN GAP = 06
Tolerance Valus

_Stackup Direction

-

Solve for Minimum and Maximum Gap A-B

Figure 7.12 Pin with groove solved.
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Worst-case Tolerance Stack up Examples #7.2

+1
N 2-0.85 -———®— 12.075 £0.925
N -~ DISTANCE A-B ) -
+1 - o o 189 | .
17 17— -—=— DISTANCE A-B
A B 17.5+05 —=——0 — 18+1 O—
@ A Bl @~

+3
Sy T

Stackup Direction

My
Solve for Minimum and Maximum Distance A-B ¢ 5142-

Figure 7.13 Simple part. Tolerance Stackup Sketch
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Worst-case Tolerance Stack up Examples #7.2

+ - Tolerances | Description
12.075 +0.925 DIM 1
17.5 +05 DIM 2
58 +2 DIM 3
. 18 +1 DiM 4
58 47.575 +4.425 Totals

Positive Total 58
Megative Total —47.575 e MAX DISTANCE = 14.85

MNominal Distance 10.425 +/— 4 425 .
_/ MIN DISTANCE =86

[}

Tolerance Value
- Stackup Direction _

Solve for Minimum and Maximum Distance_ A-B

FiGURe 7.14 Simple part solved.
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Worst-case Tolerance Stack up Examples #7.3

GIVEN:
- _ 93115 -
11+1.5 - - GAP A-B
Z \
] < B N
7 N\~
z \ “‘/ N\
g N\ N
4 N N
5\ / /::/ N
2N ZNN\ / N
i 1m.mmnfhnununfn%mnﬁ“ N
8+1 — —~| —2523%5

+1

__Stackup Direction

Solve for Minimum and Maximum Gap A-B

FIGURE 7.15 Simple assembly.
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Worst-case Tolerance Stack up Examples #7.3

on
P
=

1.
+
@ 11+1.5 —P—m —— GAP A-B

2025 +0.75

®
& 1,

A

'_q
N
N
N
N
N
™
™,
N\
§

.

(AATREATNER R RRAN TITRARRNNARENN

- 135415 ¢ D |- 2.375 £0.625
: -

. Tolerance Stackup Sketch
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Worst-case Tolerance Stack up Examples #7.3

+ - Tolerances | Description
93 #1.5 DIM 1
8 +1 DIM 2
23 +1 DIM 3
13.5 +1.5 DIM 4
20.25 +0.75 |[DIM5
2.375 +0.625 | DIM 6
11 15 |DIM7
a3 78.125 +7.875 | Totals
Positive Total 93
— Negative Total -78.125 - MAX GAP = 22.75
= Nominal Gap 14.875 +/-7.875
— /*_ "\ MIN GAP = 7
Tolerance Value
_ Stackup Direction
Solve for Minimum and Maximum Gap A-B
FIGURE 7.16 Simple assembly solved.
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Worst-case Tolerance Stack up Examples #7.4

FRAME _~— FIXED IN SPACE
A= IIJ’IIIIJ}?’ ez 2 e ——————————1
A #:
i R *
’ N
.
fﬂ‘ff:ffffl’jh - ===
N (40215) b—————————————--C
NOMINAL \ \_m
DISTANCE .
TA—B aﬁ
. h.’;
2X M4 BOLT : %I O O
(ASSUME 4 LMC) "E L e
. 2
E' 3
FREE TO MOVE j \E
ASSEMBLY —
Stackup Direction = PART NUMBERS
FiGUuRe 7.17 Hanger assembly (with gravity and assembly shift).
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Worst-case Tolerance Stack Up Examples #7.4

2X 96,3 £0
40 +1.5 3

q{/’—
L /fb, _CE 'k___l . '¢f"
VAR

PART 2 - HANGER PART 3 - BRACKET

2X 263203

FIGURE 7.18 Parts for hanger assembly.
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Worst-case Tolerance Stack up Examples #7.4

l_ G2
A DT
% el 2
2N 2 %
N t #
N 73
A A
js 40215 ﬁa
S TIPS a + ﬂg,;,,,,ﬁ '.'.h
MOMINAL N ASSEM N
DISTANCE E o MAXIMUM E
A-B ‘? PART 3 DISTANCE a
L 0) AB=731 assemely_ [
=y o SHIFT 1Y
ASSEMBLY T 1 HET
SHIFT -
20 21 Ng
PA
2 3 s
® L ’
8 [
TOLERANCE STACKUP WORST-CASE |
SKETCH [ ASSEMBLY GRAVITY
Stackup Direction l
FIGURE 7.19 Worst-case hanger assembly and Tolerance Stackup sketch.
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Worst-case Tolerance Stack up Examples #7.4

+ - Tolerances | Description
53 +2 DIM 1. PART 1 - PART 2
40 +1.5 DM 2. PART 2 EDGE - HOLES

+1.3 | DIM 3. ASSY SHIFT PART 2. 6.3(H) + 0.3(ST)- 4(F) = 2.6/ 2 = +1.3
+1.3 | DIM4: ASSY SHIFT PART 3: 6.3(H) + 0.3(ST)- 4(F) = 2.6 /2 = +1.3

20 +1 DIM & PART 3 HOLES - FLANGE
66 0 +7 1 Totals
Positive Total 66
- Negative Total =0 S MAX DISTANCE = 73.1
= Nominal Distance 66 +/- 7.1 .
_/ MIN DISTANCE =
Tolerance Value

Solve for Maximum Distance A-B

FiGUReE 7.20 Tolerance Stackup report solved.
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Worst-case Tolerance Stack up Examples #7.5

A B
ne \ g-—-GﬁF'A-B

+0.3

) E —=| |=— 2102
-1: = Part Numbers
1

{i
7 | s

86203 —| |=

N\

=

Stackup Direction

Solve for Minimum and Maximum Gap A-B

Ficure 7.21 Complex welded assembly.
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Worst-case Tolerance Stack up Examples #7.5

:
:

F(
115201 —f=—

Dimension Numbers —/@

.8
v —

&
T_
-4
3

DR D
f

©
+ §

Stackup Direction

Tolerance Stackup Sketch

FIGURE 7.22 Complex welded assembly (Tolerance Stackup sketch).
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Worst-case Tolerance Stack up Examples #7.5

‘Worst-Case Tolerance Stackup
Dim | Part
- No No + - +/— Description
1 5 11.5 [+/-0.1 Pin Length
2 4 2 +/—-0.2 LH Plate Thickness
3 3 8.6 |+/-0.3 Standoff Thickness
4 2 31 +/—1 Flange to Flange Dist Between LH & RH Item 2
5 2 2.5 +/— 0.1 RH Angle Brkt Web Thickness
B i 2 +/— 0.2 RH Plate Thickness
7 6&7 7.3 |+/-05 Thickness of RH Plate and Boss
355 | 294 |+-24 Totals
Positive Total 35.5
— Negative Total | - 29.4
= Nominal Gap 6.1 +/—2.4 |Tolerance
Max Gap 8.5
Min Gap 3.7 Clearance
Ficure 7.23 Tolerance Stackup report solved.
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Worst-case Tolerance Stack up Examples #7.6

e - GAP AB

. .t03
507

— ~— 2 0.2
4 Part
% \E{Numbers
)
S i
iy
2
-
1
[N | ST PN A TS > |
M4 BOLT o L_'—
TYP 26_g 5™
(ASSUME) e
4 MMC) (12.1 £1)
—=l|=— 2202
(121 1) ~-— 86103
{56y -
\54/
Stackup Direction

Solve for Minimum and Maximum Gap A-B

FiIGURE 7.24 Complex bolted assembly.
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Worst-case Tolerance Stack up Examples #7.6

ol
20 +1 —
OO O
2X 6.3 +0 3 = 20 +1
— 121 21 l 8 rg.
0 ST T
2"3-0.::_"'_ _5
yaR 56 _
=i 4X 6.3 £0.3 54
PART 1 - BASE PLATE
: FIGURE 7.25 Parts for complex bolted assembly.

PART 2 - ANGLE BRKT
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Worst-case Tolerance Stack up Examples #7.6

A B
— - GA -
1150 14— P AB

® - —|  $—73:05

IR

r Part Numbers
ASSEMBLY 4= /d
SHIFT __ _—
PART 2 [~ !\ (6]
LH HOLES 3
B N N
WE e
N
@\ , | EJ“ PART 2
1 o N RH HOLES
N s rrvyy errrrrrrss |
ASSEMBLY 2.5 20.1—@ |- i ASSEMBLY
SHIFT __| | [ i+ SHIFT
PART 1 PART 1
LH HOLES —(0— 2102 RH HO
@ - ¢ 12111 LES
-
—~  ¢— 86103
12,1 31 —=—rtp @ -
@ -
P———— 5541
@+ __ Stackup Direction
Tolerance Stackup Sketch

FIGURE 7.26 Complex bolted assembly Tolerance Stackup sketch.
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Worst-case Tolerance Stack up Examples #7.6

Worst-Case Tolerance Stackup

Dim | Part

No No + - +/= Description

1 5 115 | +/~0.1 Pin Length

2 4 2 +/-0.2 LH Plate Thickness

3 3 8.6 +/~0.3 Standoff Thickness

4 2 121 | +/~1 CL Hole - Edge on LH Angle Brkt

5 2 +/-1.3  |Assy Shift in LH Angle Brkt Holes @ LMC: 6.6-4=26/2=+/-13
6 1 +/~1.3 Assy Shift in Base Plate LH Holes @ LMC: 6.6—4 = 26/2=+/~13
7 1 55 +/—1 CL - CL Holes Dim on Base Plate

8 1 +—1.3 Assy Shift in Base Plate RH Holes @ LMC: 6.6—-4=26/2=+4/~13
g 2 +/-1.3  |Assy Shift in RH Angle Brkt Holes @ LMC: 66-4 =26/ 2=+/~13]
10 2 12.1 +/~1 CL Hole - Edge on RH Angle Brkt

11 2 2.5 +/~0.1 RH Angle Brki Flange Thickness

12 7 2 +/~0.2 _|RH Plate Thickness

13 | 6&7 F ] +/~0.5 Thickness of RH Plate & Boss

Totals 505 | 536 | +/~96 |Worst Case lolerance
Positive Total 595
Negative Total -53.6
Nominal Gap 59 +/— 9.6
Max Gap 155 |Clearance
Min Gap -3.7 |inteference!!!

FIGURE 7.27 Complex bolted assembly - spreadsheet with solution.
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Worst-case Tolerance Stack up Examples #7.6

A
Z_ MINIMUM GAP A-B <0

deeee—— ]
Gl o assembly by bolting: More
" — 12 variation than welding
=t assembly
___B. AE%, -307
e SN e
LH HOLES L& N RH HOLES
e A
SHIFT PART 1 24 —~| |— SHIFT PART 1
LH HOLES < 131 |- RHHOLES
=~ [—22 =
== 131 |[=—
—— o
Stackup Direction WORST-CASE

DIMENSION VALUES:
> = LARGER THAN NOMINAL
<=SMALLER THAN NOMINAL

FIGURE 7.28 Complex bolted assembly solved (interference).
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Tolerance Stack ups And Assemblies
Moving Across an Interface from One Part to the Other in a Tolerance Stack up

Two common types of interfaces encountered in Tolerance Stack ups:
1. Mating planar surfaces:

traversing a planar interface (two nominally flat mating surfaces)

2. clearance holes in mating parts or clearance holes and tapped holes that
share common fasteners
a. traversing a feature-of-size interface, such as coaxial clearance

holes in mating parts, or coaxial clearance and threaded holes, with
common fasteners

The fixed- and floating-fastener situations described in Chapter 18 are
examples of a feature-of-size interface.
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

* The guidelines are based on the following assumptions:
the mating features in the interface are part of the Tolerance Stack up
the dimensions and tolerances contribute to the Tolerance Stack up
they are not directly part of the distance being studied.

the dimension and tolerance values are in the same direction as the Tolerance
Stack up direction.

the dimensions and tolerances arc in equal bilateral format. If they are not, they
must be converted to equal bilateral format.
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

* Planar Interface: Traversing a Planar Interface from One Part to Another
in the Tolerance Stack up

For = dimensions and tolerances:

The dimension to the interfacial surface on the first part is included in the
Tolerance Stack up.

The =+ location tolerance associated with the dimension is included in the
Tolerance Stack up.

Now the Tolerance Stack up moves from the interfacial surface on the first
part to the mating surface on the second part.

Steps 1.a and 1.b are repeated in reverse order for the second part.
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Tolerance Stack ups And Assemblies

* For GD&T: GD&T
a. If the planar feature is a referenced datum feature:

b. The basic dimension to the datum feature is included in the Tolerance Stack up.

c. If there is a profile tolerance specified for the datum feature, lines for profile
tolerance and datum feature shift are added to the Tolerance Stack up report.

OMNEX
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

* The values for profile and datum feature shift are entered if the location of the
datum feature contributes to the Tolerance Stack up. (The value for datum
feature shift may be zero.)

* The values for profile and datum feature shift are set to zero and the lines are
marked “N/A” if the location of the datum feature does not contribute to the
Tolerance Stack up.

* |f the location of the surface does not affect the Tolerance Stack up, but the
profile tolerance controls the form of the feature, the profile tolerance may be
included in the Tolerance Stack up as described in Chapter 20.
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Chapter #7 Worst Case Tolerance Stack-up
Tolerance Stack ups And Assemblies

e |f the datum feature has a form tolerance, the form tolerance is typically not
included in the chain of Dimensions and Tolerances. However, the form
tolerance may be included in the Tolerance Stack up per the guidance in
Chapter 20 if desired.

* Special cases may require using an orientation tolerance or a lower segment
composite profile tolerance in the Tolerance Stack up. These are uncommon
applications and must be carefully addressed on a case-by-case basis. For
more information see Chapter 9.

* Now the Tolerance Stack up moves from the interfacial surface on the first
part to the mating surface on the second part.

» Steps 2.a.i—2.a.iv are repeated in reverse order for the second part.
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Tolerance Stack ups And Assemblies

* If the planar feature is not a datum feature:

The basic dimension from the datum reference frame related to the feature is
included in the Tolerance Stack up.

Lines for profile and datum feature shift are added to the Tolerance Stack up
report. The values for profile and datum feature shift are entered. (The value for
datum feature shift may be zero.) (See Chapters 9, 13, and 14.)
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

* Special cases may require using an orientation tolerance or a lower segment
composite profile tolerance in the Tolerance Stack up. These are uncommon
applications and must be carefully addressed on a case-by-case basis. For more
information see Chapter 9.

* Now the Tolerance Stack up moves from the interfacial surface on the first part
to the mating surface on the second part.

e Steps 2.b.i--2.b.iii are repeated in reverse order for the second part.
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

 Feature-of-Size Interface:

Traversing a Feature-of-Size Interface (Mating Clearance and/or Threaded Holes
with Common Fasteners) from One Part to Another in the Tolerance Stack up

For = dimensions and tolerances:
The dimension to the Feature of Size on the first part is included in the chain of
Dimensions and Tolerances. (This is the dimension in the direction of the Tolerance

Stack up where rectangular or polar coordinate dimensioning is used.)

The =* location tolerance associated with the dimension is included in the Tolerance
Stack up.
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

* |f the features are clearance holes, assembly shift is calculated and added to the
chain of Dimensions and Tolerances for the holes in the first part. If the features
are threaded or press-fit holes assembly shift is not added.

* Now the Tolerance Stack up moves from the interfacial feature on the first part to
the mating feature on the second part.

 Steps 1.a—1.c are repeated in reverse order for the second part.
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

 Feature-of-Size Interface:

GD&T: GD&T
If the feature of size (hole, pin, etc.) is a referenced datum feature

The basic dimension to the datum feature is included in the Tolerance
Stack up.

If a positional or orientation tolerance is specified for the datum feature,
lines for the positional/orientation tolerance, bonus tolerance, and
datum feature shift are added to the Tolerance Stack up report.
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

e Feature-of-Size Interface:

GD&T:
The values for position/orientation, bonus tolerance, and datum feature
shift are entered if the location of the datum feature contributes to the
Tolerance Stack up. (The values for bonus tolerance and datum feature
shift may be zero.) (See Chapter 9.)

The values for position/orientation, bonus tolerance, and datum feature shift
are set to zero and the lines are marked “N/A” if the location of the datum
feature does not contribute to the Tolerance Stack up. (This is common where
the datum feature of size is the primary or secondary datum feature in a
referenced feature control frame.) (See Chapters 9, 13, and 14.)
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

e Feature-of-Size Interface:

GD&T:

Assembly shift is calculated and added to the chain of Dimensions and Tolerances

for the datum feature of size in the first part. Assembly shift is typically not added
if the datum features of size arc threaded holes.

Now the Tolerance Stack up moves from the datum feature on the first
part to the datum feature on the second part.

Steps 2.a.i—2.a.iii arc repeated in reverse order for the second part.
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

e Feature-of-Size Interface:

GD&T:
If the feature of size (hole, pin, etc.) is a not a datum feature:

The basic dimension from the datum reference frame related to the feature is
included in the Tolerance Stack up.

Lines for positional tolerance, bonus tolerance, and datum feature shift are added to
the Tolerance Stack up report. The values for position, bonus tolerance, and datum
feature shift are entered. (The values for bonus tolerance and datum feature shift may

be zero.) (See Chapters 9, 13, and 14.)
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Chapter #7 Worst Case Tolerance Stack-up

Tolerance Stack ups And Assemblies

* Feature-of-Size Interface:
GD&T:
If the feature of size (hole, pin, etc.) is a not a datum feature:
Assembly shift is calculated and added to the chain of Dimensions and
Tolerances for the holes in the first part. Assembly shift is typically not

added if the features of size are threaded holes.

Now the Tolerance Stack up moves from the interfacial feature on the first
part to the mating feature on the second part.

Steps 2.b. 1—2..b.iii are repeated in reverse order for the second part.
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Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Stack ups

e Statistical Tolerance Stack ups determine the probable or likely maximum
variation possible for a selected dimension.

* realistically assumes that it is highly improbable that all the dimensions in
the Tolerance Stack up will be at their worst-case
low limit or high limit at the same time.

 The sum of the dimensions and tolerances will likely approximate a normal
distribution.

 Most or all of the dimensions will likely be closer to their nominal value
than either extreme. Also, some of the dimensions that the worst-case
model required to be at their upper limit may actually be closer to their
lower limit, and vice versa. The combination of these factors leads to the
idea of a statistical Tolerance Stack up.
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Chapter #8 Statistic Tolerance Stack-up
Statistical Tolerance Stack ups

* when itis appropriate to use a statistical versus a worst-case Tolerance
Stack up.

* depends on a number of factors, including the number of tolerances in the
Tolerance Stack up, the quantity of parts to be manufactured,
manufacturing process controls, design sensitivity, past company practices,
and willingness to accept risk, to name a few.

 Asimple rule of thumb is as the number of tolerances in a Tolerance Stack
up increases, the benefits and validity of using a statistical analysis increases.
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Chapter #8 Statistic Tolerance Stack-up
Statistical Tolerance Stack ups Assumption

» Statistical tolerance analyses are based on several conditions being in place.

These include::
The manufacturing processes for the parts must be controlled

processes. This requires, among other things, that manufacturing
nominal is the same as design nominal.

Processes must be centered and output normal or gaussian
distributions (see Fig. 8.1). This presents a problem where unequal

bilateral or unilateral tolerances have been specified.

Parts must be randomly selected for assembly.
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Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Stack ups Assumption

* The design must be able to tolerate the possibility that some small

percentage of the as-produced parts or assemblies exceed the calculated
statistical result.

* The enterprise must be willing to tolerate the possibility that some parts or

assemblies will be rejected due to exceeding the calculated statistical
result.
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Chaptef #8~Statistic Tolerance Stack-up

Statistical Tolerance Analyses

LSL = Mean-Ti Mean USL = Mean + T]

Tolerance (T i}

FiGure 8.1 Gaussian distribution.




Chapter #8AStatistic Tolerance Stack-up

Statistical Tolerance Analyses

VANEINEIN

FPart Tolerance T 1 Part Tolemnce T =2 Part Tolerance T 3

(= no) {*+ N (£ ro)

1 T
Assembly Tolerance Assy

(£ no)

2
RSS Tolerance =\/T12 + T22 + T32 ..+ Th

FiGURE 8.2 Root sum formula for statistical Tolerancing. Where: T, = Tolerances
in the Tolerance Stackup.
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Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Analyses
* Two statistical methods for Tolerance Analysis:

* Root-sum-square (RSS)
Root-sum-square is commonly used on manually modeled and
spreadsheet-based statistical Tolerance Stack ups.

* Monte Carlo simulations
Monte Carlo simulation is typically used with computer-based
Tolerance Analysis simulation software. Simply put, Monte Carlo simulations
take all the variables in a Tolerance Stack up, give them a random value
within their range, derive a result, iterate this process thousands of times, and
average the result.
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Chapter #8'Statistic Tolerance Stack-up

Statistical Tolerance Analyses Case

LABEL POINT B

) O

17 4

[ DISTANCE

MISSING

~ 111

17

LABEL POINTA —

- 57+1

o
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Chapter #8AStatistic Tolerance Stack-up

Statistical Tolerance Analyses Case

MISSING |
DISTANCE
—~—— 11 1
0 18
1?_1 = "~ 17 -
‘A B
DIMENSION
ORIGIN \(
. S +1 -
D 577, -
+
LABEL OVERALL DIM POSITIVE -
(Includes Gap Being Studied) POSITIVE DIRECTION
FiGURe 8.5 Statistical chain of Dimensions and Tolerances #2.
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Statistical Tolerance Analyses Case

MISSING A B
DISTANCE —f=—=
—- 111
16.5 0.5 —- O —~{ 17.5:05 p—
P 56.5 £1.5 -
=




Chapter #8'Statistic Tolerance Stack-up
Statistical Tolerance Analyses Case

Squarﬁd
+ - Tolerances | Tolerances
16.5 +0.5 +0.25
56.5 ' +15 £2.25
17.5 +0.5 +0.25
11 +1 +1
56.5 45 +3.5 J£375 | TOTALS
RSS= +1.94

ADJUSTED RS8S: 1.5* £1.94 = +/-2.91

POSITIVE TOTAL 56.5
NEGATIVE TOTAL -45 " MAX DIST. = 14.41
NOMINAL DISTANCE  11.5 +2.91

"\ MIN DIST. = 8.59

ADJUSTED RSS _/

TOLERANCE VALUE

-

FIGURE 8.14 Statistical chain of Dimensions and Tolerances #I 1.




Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Analyses Case

[Progran: Electroncs Fackaging Program AV-11 Stackinfornation
Procuct: Number StackNa AvV-11-010a
12345670-001 A Ground Plate Enclosure Assembly. Option | w 8 Hoes as Datum Feawre 8 Dst= 070402
Revision A
P rotiem: Ecdpes of Ground Piate must not Touch Wals of Enclousre
Dection:  Along Plane of Ground Plate (Y Axis)
Objective: 1 i Plgte Contacts : Author  BR Rischer
scopion of Perent
amponent / Pat Nusnber  Rev  item 4+ Dims = Dims Tol Contrih _ Dim / Tol Source & Calcs
nciosure 12345676-002 | A 1 rofile: Enge Along PLA | < 03000 19% [Pronie 1, A Bm
2_ |Datum Festure STIT (DFp g yuc - OF Sp) / 2 +- 02900 1% |=(3.422-(3.242-0.4)) /2 (Snift within Minor Dia)
K] - [ ] 5 00000 | 0% 5 Basc
4 __[Position: DF y M4 Holes +f- 02000 6% |Pogton dia0 4 @ MMC A
5 s Tolerance +/- 00000 0% A - Theeads
6 DMWSMM-N&)IZ +- 00000 0% INUA - DF o not @ Feature of See
7 A by Shift: (Mounting Holesue - Fuee) /2 +f- 06650 2% |((5+0.15)-382)/2
(Ground Plate 12345578004 | A | & |Posinon: DFy Dia 5+-0.1 Hales +- 02250 9% _ |Position 42 045€) MMC A
B T +- 0.1000 4% |=(014+0.1)/2
10 _|Oatum Feature Shift: (DFy 5 y.c - OFSy)/ 2 +- 00000 0% N, - OF , net & Feature of Size
11 ‘Mms-gdamnme [ ~- 00000 0% Basic on Owg
12_IProfie: Edge Along LY 05000 3 %
13 _|Datum Feature St (DFp g yec - DFSy)/ 2 +£- 01600 33 ({5 +0.15)- (5-0.15)/ 2
e
RESULTS: | -0.1300 | 5.1300
1429 | 5
| 08518 ] 4
Hoes,
- WM Screw Dimensions: Major fa 4 /382 - M4 Tapped Hole Dimensons: Minor DI 3.422 /3 242
- Used min and max screw thread minor dia n Datum Feature Shitt Calcuations online 2
- Used smallest screw magor dia in Assembly Shit Calculations on ine 7.
- Assume Mhweads are self centenng. DO notincluces bonus tolerance on ne 5.
Suggasted Acuan,
= May wart 10 158 two holes as locators instead of all egnt. See Stack Opt- 2.

FIGURE 8.15 Sample Tolerance Stackup report form.




Chapter #8'Statistic Tolerance Stack-up

Statistical Tolerance Analyses

Example #8.1

GIVEN:
N/A

1040.5 —-——r 30 40.2

; 13.2 10.5

li 4505

Stackup Direction

—— _—

Solve for Statistical Minimum and Maximum Gap A-B

FiIGURE 8.16 Pin with groove.




Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Analyses

Example #8.1

@+
45 0.5

Tolerance Stackup Sketch

Squarad
+ - Tolerances | Tolerances | Description
30 0.2 +0.04 GROOVE - HEAD
45 *0 5 +0.25 OVERALL LENGTH
13.2 +0.5 +0.25 TIP - GROOVE
45 432 1.2 w20.54 Totals
_ 074  RSS Tolerance Valus
1.5
+1.1 Adjusted R5S Tolerance Value
Positive Total 45
- Negative Tolal _ 43.2 //MAX GAP =29
= Nominal Gap 1.8 +- 1.4

Adjusted RSS Tolerance Value —/

TNMIN GAP = 0.7




Chapter #8'Statistic Tolerance Stack-up

Statistical Tolerance Analyses

GIVEN:

9315

Example #8.2

po— 2341

20.25 +0.75 —

l

—~— GAP A-B

11215

™
.

7

SONANANANNNNNNNANN

.

\

P il

w P TTEL IS

AR RN

o1
-]
1
o]
-
b1t

\

TRRVRARANRRANYY

8 1
13.5 215

Stackup Direction

2.375 £0.625

Solve for Statistical Minimum and Maximum Gap A-B

FiGURe 8.20 Simple assembly.




Chapter #8 Statistic Tolerance Stack-up
Statistical Tolerance Analyses

Tolerance Stackup Sketch -
E Xxam p I e #8 . 2 + - Tolerances Tgms Description

93 =15 225 |DIM1
8 +1 +1 DIM 2

23 +1 1 DM 3

135 15 2225 |DM4

20.25 £0.75 +0.5625 | DIM 5

2.375 0.625| 0391 [DM6

11 15 £225 |DM7

93 78.125 £7875| /970 |Totals

£3.115 RSS Tolerance Value
*15

467  Adjusted RSS Tolerance Value

, Positive Total g3
- Negative Total _ .78,125 MAX GAP = 19545
= Nominal Gap __14.875 4/. 4.67 <
MIN GAP = 10.205

Adjusted RSS Tolerance Value —/
4 _Stackup Direction
Solve for Statistical Minimum and Maximum Gap A-B

FiGURe 8.21 Simple assembly solved statistically.
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Chapter #8 Statistic Tolerance Stack-up
Statistical Tolerance Analyses Example #8.3

.~ FIXED IN SPACE

40415) e —
NOMINAL ( &

DISTANCE
A-B

2X M4 BOLT

(ASSUNE 4 LMC) (0z1) = 4

(2)

FREE TO MOVE —/ @

o ASSEMBLY
Stackup Direction (n) =PART NUMBERS

Solve for Siafistical Maximum Gap A-B

FIGURE 8.22 Hanger assembly (with gravity and assembly shift).

~_ Copyri Omne, Inc. All |
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Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Analyses

Example #8.3

- 40+15

[ ]

il

_EE_'

\“I

2X 263 0.3 —/

ENeS

PART 2 - HANGER

—

20 =1

/— 2X ©@6.3 +0.3

$—¢

l

FIGURE 8.23 Parts for hanger assembly.

PART 3 - BRACKET




Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Analyses Example #8.3

6 2
I
A < 77 "
=5 / )
, ‘I
7 N
2 A
40 15 7 N
% 7
\ @ + 777777774 :
NOMINAL ASSEMBLY S
DISTANCE SHIFT MAXIMUM s
AB PART 3 DISTANCE \
A-B =709 ASSEMBLY _ N
- ~ SHIFT N\
ASSEMBLY :' T gl=
SHIFT -
20 =1 ASSEMBLY
PART 2 @ 14. SHIFT
B
B 1
TOLERANCE STACKUP STATISTICAL |
SKETCH WORST-CASE GRA
ASSEMBLY ‘V Lif
FiIGURE 8.24 Statistical worst-case hanger assembly and Tolerance Stackup sketch.




Chapter #8 Statistic Tolerance Stack-up
Statistical Tolerance Analyses Example #8.3

Squared
+ - Tolerances | Tolerances | Description
6 2 4 DM 1: PART 1 - PART 2
- 40 1.5 225 | DIM 2: PART 2 EDGE - HOLES
1.3 =1.69 | DIM 3: ASSY SHIFT PART 2: 6.3(H) + 0.3(ST) -4(F)=26/2=41.3
+1.3 +1.69 | DIM4: ASSY SHIFT PART 3: 6.3(H) + 0.3(ST)-4(F)=26/2=+1.3
20 +1 1 DIM 5: PART 3 HOLES - FLANGE
66 0 7.1 J=1063 | Totals
i +3.26 RSS Tolerance Value
"5
+4 89 Adjusted RSS Tolerance Value
Positive Total 66 '
- Negative Total .0 _~ MAX DISTANCE =70.89 Stackup Direction
= Nominal Distance 66 +/- 489 Y _
—/ MIN DISTANCE =
Adjusted RSS Tolerance Value
Solve for Statistical Maximum Gap A-B
FiIGURE 8.25 Tolerance Stackup report solved statistically.
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Statistical Tolerance Analyses Example #8.4

A

\

——

11.5 +0.1 -

/

~— GAPAB

~— 7.3405

- 2102

h
11
=

A

a _
e -

s
L/,

—f l— 21p2 |

86103 — -

- 2.510.1

[~ 3121 —=

Stackup Direction

— _—

Solve for Statistical Minimum and Maximum Gap A-B




Chapter #8'Statistic Tolerance Stack-up
Statistical Tolerance Analyses Example #8.4

1

-— GAP A-B

o
/8
i

—| O 731x05

Dimension Numbers —— 2 +0.2
&7 --

Part Numbers

LS =
w=—W
I : =

—O |=— 2.5 0.1
—|®— 2202 @ +

86103 — ¢— (@ -

O—— 31 1 —
+

Tolerance Stackup Skeich

Stackup Direction

FIGURE 8.27 Complex welded assembly (Tolerance Stackup sketch).
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Chapter #8 Statistic Tolerance Stack-up

Statistical Tolerance Analyses Example #8.4

Statistical Tolerance Stackup

Dim | Par : Squared |

No No + - +/- | Tolerances | Descripfion
1 5 115 | £ 0.1 + 0.01 |Pin Lengh
2 4 2 + 0.2 + (.04 |LH Plate Thickness
3 3 86 | 0.3 + 0.09 |[Standoff Thickness

4 2 31 + 1 + 1 Flange {o Flange Dist Between LH & RH Hem 2
5 2 2.5 + 0.1 | + 0.01 |RH Angle Brki Web Thickness
B T 2 * 0.2 + 0.04 |RH Plate Thickness
T B&T 73 | 05 + 0.25 |Thickness of RH Plate and Boss

Totals 355 294 |+ 24 + 144 |Tolals

+/-1.20 RSS Tolerance
+/{1.8__| Adjusted RSS Tolerance (RS5°15)

Positive Taotal 35.5
- Negative Tolal | - 204
= Nominal Gap B1 18 Adjusied R3S Tolerance

Max Gap 7.9
Min Gap 4.3

Solve for Statistical Minimum and Maximum Gap A-B

FiGuRe 8.28 Tolerance Stackup report solved statistically.

- (CgpyfighLZOlsemex,’lrﬁ.fAﬁEﬁE; Reserved.



Chapter #8AStatistic Tolerance Stack-up
Statistical Tolerance Analyses Example #8.5

116
e l~— GAPA-B

- = 7.5'33';3

U F~ = 2102
’_i
R - Pa"
- ; ‘\d Numbers
N
« I JT\T Wil %.
: \
| &
| P2227 7777777 77>t |' %ﬂ
M4 BOLT
TP 26 0~ U
(ASSUME e
4 MMC) 121 21
el D 3} P
(12.1 1) - 8.610.3
756y
\54)
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Statistical Tolerance Analyses Example #8.5

t

20 £1

l

2X 6.3 103 —

! 02 '

28 o5+ -

A ST

PART 2 - ANGLE BRKT

20 11

4X 26.3 +0.3

P
|
§D—
/

56

PART 1 - BASE PLATE
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Chapter #9 Geometric Dimensioning and Tolerancing

GD&T Advantage

 GD&T creates coordinate systems based on datum reference frames
all features on a part are unambiguously related to these coordinate
systems

e Tolerance Stack ups done on parts and assemblies that have been properly
dimensioned and toleranced with GD&T are easier and more
straightforward than with parts defined by &= dimensions and tolerances.

* Tolerance Stack ups performed on parts with GD&T require far fewer
assumptions regarding how to interpret the tolerance specifications.
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Chapter #9 Geometric Dimensioning and Tolerancing

Converting GD&T Into Equal Bilateral Tolerances

e parts and assemblies dimensioned with GD&T must also be converted to
equal bilateral = tolerances before a Tolerance Analysis can be completed.

* Plus/minus dimensions and tolerances are still used with drawings based
on GD&T, but their use should be limited to defining features of size and
the depth or length of features such as holes and pins.

e For many reasons, = dimensions and tolerances should not be used to
locate features.
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Chapter #9 Geometric Dimensioning and Tolerancing

Profile Tolerances

THIS ON THE DRAWING:

T 014 A

T —

Equal Bilateral Profile Tolerance

MEANS THIS:
Tolerance Zone has the same
form as the nominal surface

U o7 Tolerance Zone applies to the
'D 14 full width of the feature

| = 0.14
0.35 ﬁ_f_ e —H 1

:,_

FIGURE 9.2 Equal bilateral profile.




Chapter #9 Geometric Dimensioning and Tolerancing

Profile Tolerances

THIS ON THE DRAWING:

L e 15 + 1
= [

Equal Bilateral Profile Tolerance
MEANS THIS:

Tolerance Zone has the same
form as the nominal surface

1 Tolerance Zone applies to the
//: 2 full width of the feature
' // 4
| A
f *J Section Thru Center of
Arc @ 15mm Dimension

W

FIGURE 9.3 Equal bilateral profile curved surface.
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Chapter #9 Geometric Dimensioning and Tolerancing

Profile Tolerances

THIS ON THE DRAWING: Upper limit = 12.54 2 = 14.5
o[ 3= +1.5
S e
Unequal Bilateral Profile Tolerance
MEANS THIS: | 11.541.5=13
Tolerance Zone has the same
form as the nominal surface
J / i o e st 13 + 1.5
——
e =1 T
—_@
FIGURE 9.4 Unequal bilateral profile.




Chapter #9 Geometric Dimensioning and Tolerancing

Profile Tolerances

THIS ON THE DRAWING: Upper limit = 0.35 + 0.1 = 0.45
[ Jo.1]A] ! Lower lmit = 0.35 - 0=0.35

l, -
P O 0.1 = +0.05

Unilateral Profile Tolerance - Unilaterally Outward
MEANS THIS: 035+005=04

Tolerance Zone has the same
form as the nominal surface

Tolerance Zone applies to the u . 4 i ﬂ- Dj

I 1 full width of the feature
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Chapter #9 Geometric Dimensioning and Tolerancing

Converting GD&T Into Equal Bilateral Tolerances

 Composite profile tolerances

The profile tolerance specified in the uppermost segment of the feature
control frame represents the total allowable variation in location of the
feature to a datum reference frame.

Typically the tolerance defined in the uppermost segment is used,
in Tolerance Stack ups.

OMNEX
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Chapter #9 Geometric Dimensioning and Tolerancing

Composite Profile Tolerances

THIS ON THE DRAWING: A
[
1 |A
A—B
A B
R ,
13 144
: A
] f A
Composite Profile of a Surface




Chapter #9 Geometric Dimensioning and Tolerancing

Composite Profile Tolerances Example #9.1

B
Q1z.i|A|s[c| A\ /
Distance A-B
Profile (1)
D6 +0.
) // (}/Iﬁg:.mlAIBICI D_e/_gri‘v':v(?an)
20—49
Perpendicularity ME)
i ® (5) DF Shift N
J 20] (Datum Feature B) o 2
O (o]
1 é L [os[a[B] \
[ [o8[a] -5 | O
{37}
£710.15
%_, Direction of Study
Part with Composite Profile
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Chapter #9 Geometric Dimensioning and Tolerancing

Composite Profile Tolerances Example #9.1

Tolarance Stack
Frogram: Talarance Analysis and Slackup Manual ! Stach Information: —
Product: it Number  Rev Description |
- Part wilh Groove EEEIEM W
Ilj,ulmrtantblﬁmlhahlnimmﬂiﬂmﬂamhGl'm-WalwthlLHﬂEdginfﬂ'laFan Reviwen A
I Ehe Mimmum O Parl w :;cmmr:th-;r
Description af —
Com hg.r:mv _Pa;tNurﬁur Ht:«- lbern_ Description -

2 |Datum Feaura

E me &3 Wall - Dalum B
4 rily: {Datum Feslure B

ominal
Mom Tal_ i e
18,7600 | +- 1.5000 | 18,2500 | =1,
. +- 1.2748 1847 2,
19.7500 | +- 18121 17.8378 | 318621
Modes: - The Upper Sagment Profile Tolerancs 1= used in this Tolerance Stackup.

= It st be understood tha the Pemendicularily iolerance spplied to Dalum Feature B alows portion,

m—— e
~ Copyright 2018.0mney, Inc. All Rights Reserved.
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Chapter #9 Geometric Dimensioning and Tolerancing

Composite Profile Tolerances Example #9.2

A B
—={ |=— Groove Width A-B
(@ Profile Profile ()
® DF Shift " DF shit @
(Left Groove Wall) S (Right Groove Wall)
— o5
+®
o o)
O @)
Direction of Study




Chapter #9 Geometric Dimensioning and Tolerancing

Composite Profile Tolerances Example #9.2

Tolerance Stack

Toisrance Anahysis and SEckUp Manual Siack o agion
Lim Hey
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Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerances

* Positional tolerances can also be translated into = tolerances: MMC,
LMC, RFS

e Positional tolerances specify a cylindrical or total width tolerance zone for
features of size (FOS)
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Positional Tolerances: MMC

2X @5 205
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Positional Tolerances: RFS, MMC, LMC

230 27 [ @30 1y
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Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance, Assembly Shift, And Misalignment

@29.4 HOLES
(MMC) , AXIS OF LOWER HOLE
AXIS OF UPPER HOLE
@1.4 TOL ZONE /
/7 @MmC
{ 7 —_—
(12] § T
POSITIONAL TOLERANCE —{20}— HOLES ARE LOCATED AT
ZONES @ MMC ALLOW EXTREMES WITHIN
lECTI HOLES TO BE LOCATED POSITIONAL TOLERANCE
=] +0.7 FROM NOMINAL ZONE;
' UPPER HOLE PARTS REMAIN IN
=y > TO THE RIGHT NOMINAL LOCATICON
NO A
/\/\/\/\/\/ ///// (POSITION) ( SSEMBLY SHIFT)
it
' A /7 | |/
NN NN
@9.4 HOLES (MMC)
LOWER HOLE
TO THE LEFT i~ 29.4 HOLES
(POSITION) L
Misalignment with H(?les @ MMC:
MMC Holes @ Nominal Position Miisalignment with Holes @ MMC: Holes with Positional Error - No Assembly Shift
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Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance, Assembly Shift, And Misalignment

N

/

I
I
I
|
1 -~
|
:

UPPER PART
SHIFTED LEFT 28 =~ ~—

Vocccldl | el
NN NN

28 —| |— LOWER PART
SHIFTED RIGHT

Maximum Misalignment with Holes @ MMC
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Positional Tolerance, Assembly Shift, And Misalignment

2X @10 +0.6 HOLES
[#]214@]A]B]C]
/— M8 FASTENER
MISALIGNMENT CALCULATIONS WITH HOLES @ MMC:
= UPPER PART TO FASTENER
MMC HOLE @ 94
-FASTENER @ -8
= ASSEMBLY SHIFT FOR UPPER PART =14
‘ + POSITIONAL TOLERANCE +14
B|  CTOTAL MISALIGNMENT FOR UPPER PART =28
~—{20} = = £14
LOWER PART TO FASTENER
MMC HOLE O 94
M8 FASTENER - FASTENER @ -8
= ASSEMBLY SHIFT FOR LOWER PART =14
| + POSITIONAL TOLERANCE +14
, = TOTAL MISALIGNMENT FOR LOWER PART =28
oAl W = $14
NN NN
(B
TOTAL MISALIGNMENT ABOUT FASTENER
@9.4 HOLES PLUS / MINUS MISALIGNMENT UPPER =114
(MMC) + PLUS ! MINUS MISALIGNMENT LOWER =114
TOTAL MISALIGNMENT FOR BOTH PARTS =128
ON DRAWING

Misalignment with Holes @ MMC: Drawing and Calculations
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Positional Tolerance, Assembly Shift, And Misalignment

210.6 HOLES ;
(LMC) :
@2.6 TOL ZONE l \ \
/‘ @ LMC ! 7 }
| /
‘ -
-[12] ! |
UPPER PART
leHED LEFT 52 = |-
- ] =
=t L RS
D\
72| | [z e
SN\ INNNN 52— [~ LOWER PART
g = SHIFTED RIGHT
@10.6 HOLES (LMC)
' FIGURE 9.21 Misalignment with holes at LMC #1, nominal. Maximum Misalignment with Holes @ LMC
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Positional Tolerance, Assembly Shift, And Misalignment
AXIS OF LOWER HOLE

/ AXIS OF UPPER HOLE

&

POSITIONAL TOLERANCE — 20—+ HOLES ARE LOCATED
ZONES @ LMC ALLOW AT EXTREMES WITHIN
HOLES TO BE LOCATED FPOSITIONAL
+1.3 FROM NOMINAL TOLERANCE ZOME;

PARTS REMAIN IN
UPPER HOLE NOMINAL LOCATION
TO THE RIGHT  (NO ASSEMBLY SHIFT)

(POSITION)

7 B M,
NN DU

()

0

LOWER HOLE
TO THE LEFT

(POSITION)

- ©10.6 HOLES (LMC}

~ Misalignment with Holes @ MMC: Holes with Positional Error - No Assembly Shift

FIGURE 9.22 Misalignment with holes at LMC #2, with positional error.




Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance, Assembly Shift, And Misalignment

2X @10 +0.6 HOLES
(@ [214@]alB]C]
/- M8 FASTENER
/ MISALIGNMENT CALCULATIONS WITH HOLES @ LMC:
— UPPER PART TO FASTENER
LMC HOLE @ 106
- FASTENER @ -8
= ASSEMBLY SHIFT FOR UPPER PART =26
‘ + POSITIONAL TOLERANCE @ LMC +26
Bl  =TOTAL MISALIGNMENT FOR UPPER PART =52
= ”25
LOWER PART TO FASTENER
LMC HOLE @ 10.6
M8 FASTENER - FASTENER @ -8
= ASSEMBLY SHIFT FOR LOWER PART =26
o + POSITIONAL TOLERANCE @ LMC +26
= E = TOTAL MISALIGNMENT FOR LOWER PART =52
77| R | A4 = 126
. N
WS e
TOTAL MISALIGNMENT ABOUT FASTENER
@10.6 HOLES PLUS/ MINUS MISALIGNMENT UPPER =126
(LMC) + PLUS / MINUS MISALIGNMENT LOWER =426
TOTAL MISALIGNMENT FOR BOTH PARTS =152
ON DRAWING WORST-CASE MISALIGNMENT!
Misalignment Error with Holes @ LMC: Drawing and Calculations
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Positional Tolerance Example #9.1

4X @5.1 201
O
4 HOLES MARKED Y
4X 35.1 £0.1
B%@ Alsje _ FIGURE 9.25 Composite position back
SR MmO panel detail: Option 1. In this
(o / ) example, each four hole pattern has
| ot its own composite position feature
Y\r Y V'x T?x . .
control frame. Using this method
E%] ———b X makes the two patterns distinct.
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Positional Tolerance Example #9.1

4X @5.1 +0.1
- [$[81@]A]
4x
=
i O ) @
(30] (20} °°°°8°°°° \S—I
o O
| \Q O/ A AE]
- .
-~ 30—

£7]0.15
25102 —

FIGURE 9.26 Composite position, connector detail.
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Positional Tolerance Example #9.1

—=| |=— What is the Minimum Gap?

Connector Bodies
ﬂ M4 Fasteners

o A ‘le 3 1/—BackPanel
R S =

FIGURE 9.27 Composite position, connector module assembly: Option 1.
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Positional Tolerance Example #9.1

.7.\ B
- Gap A-B
{1 Profile Profile €&
{2 DF Shift /_ DF Shift &3
(Left Connactor) {Right Connector)
(2) Position -\ Position {18

Bonus Tol 4§
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DF Shif (5] & OF Shift 20
(Connecior) -3 - .:;_@ {Connector)
(7 Assembly Shift -@ Assembly Shift 47
(Connector) _\\ /‘ [{Connector)
~,

{E) Assembly Shift v ® Assembly Shift (8
(Back Panel) [ =1 (Back Panel)

(@) Positien Position ¢
{0 Bonus Tol —|___ Bonus Tol (&
A1DF Shift DF Shift G8
(Back Panel} (Back Panel)

4

Connector

_/ \ Corre chor
(Left) Back Panel B{175— (Right)
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Chapter #9 Geometric Dimensioning and Tolerancing .

Positional Tolerance Example #9.1

Hedepsa 1.2a
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- Using tha telerance in the Uippar 5 Egment anLines 3 & 13, the worstcade Tolerance Stachup fesus 5 0. Intcerence,

e s ser o g

i

Copyright 2018 Omne, Inc. All ﬁfghts Reserved.

.COM I SR



e

Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance Example #9.2

8X 51201
&g&z.s@]ﬂelcl
F1D]A]
_ FIGURE 9.30 Composite
/O ‘/ Q\; Position, back panel detail:
—t 6 o o {P | Option 2. In this example, all
9] | eight holes are toleranced with
A A b a single Composite Position
4 O\/ ¥ Y ) - Feature Control Frame. Using
b I e this method treats the two
s T patterns as a single pattern.
| --{20.;——- 175 20}
o {LIos[ALs)
[ I 1
1, 0.15]
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Positional Tolerance Example #9.2

A\ 8
Gap A8
@ Profile Profile @
@ DF shift DF Shift @
(Left Connector) (Right Connector)

(® Position Positi \
(® Bonus Tol Bonu: q’?@
@ DF shift (5} DF Shift @
(Connector) -@ = (Connector)

(@D Assembly Shitt -@) )
Assembly Shift
(Connector) > /_ (Connector) @
(®Assembly Shift ~ ) Asse i
- Shift
(Back Panel) L— (Back"b'Pyanel) @
D (G
Position i
Position (13
onus Tol
@DF shit ™| g:nSL:iI %@
(Back Panel) )J C (Back Panel)
Connector
Connector
(Left) Back Panel -/ q (Right)
+@2
Direction of Study

FIGURE 9.31 Composite
Position: Option 2 Tolerance
Stack up sketch.

Tolerance Stack up with Option
1 Back Panel:

Chain of Dimensions and
Tolerances

Lower Segment Tolerances
Used for Line Items 9 & 13
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Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance Example #9.2
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Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance Example #9.3

116
S ~— GAP AR .
+15 {b'

-0.7
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—— 2 +0.2
/FI¢|¢1.4@M|
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|
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-
]
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FIGURE 9.33 Complex assembly with GD&T.
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Positional Tolerance Example #9.3

AN - » b
= o . ]
2[]‘ i i
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/ ||
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Parts for Complex Assembly with GD&T
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Positional Tolerance Example #9.3

A B
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\ M (RH Bracket)
[ oy
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P il o A arrrrd ..-"I"_ 1
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& 86203 | - Position @5.7 Holes (18
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Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance Example #9.3

Part
No | No | + - +- | Description
1 S 115 +~ 0.1 Dim: Pin Length
2 E 2 +/- 0.2 |Dim: LH Plate Thickness
3 86 | +-03 an ess
4 2 +- 03 |Profle of Flange Face on LH Brict
5 2 +-1 Datum Feature Shit: ((5.7 + -(5.7-03-1.4))/2=+-1
[ 2 121 +- 0 Dim: Fla Face - Cl es on (Basic)
7 2 +-0 Position of Dia 5.7 DF, Holes on LH Angle Brikt: N/A
] 2 +-0 Bonus 1olerance: N/A
[ . +/- 0 Datum Feature Shift: N/A
10 2 +- Assembly Shift: LH Angle Brki Holes @LMC: 6 (H) -4 (F) =2/2 = +-1
11 1 +/- 1 Assembly Shift: Base Plate LH Holes @ LMC:6 (H) -4 (F)=2/2 = +-1
12 1 +-07 Position of LH Dia 5.7 DF; Holes on Base Plate
13 1 +/- 0.3 |Bonus Tolerance: (0.3+0.3)/2 =403
14 1 +-0 Datum Feature Shift: N/A - DF . not a Feature of Size
b 1 55 +- 0 [Dim: CL LH DF , Holes - CL RH DF; Holes on Base Plale (Basic)
16 1 +~ 07 Posnlotlof RH Dia 5.7 DFg Holes on Base Piate
71 +- 03 us Tolerance: (0.3 +0.3)/ 2 = +/-0.3
18 1 +~0 Datum Feature Shift: N/A - DF , not a Feature of Size
19 1 + Assembly Shift: Sase Plate LH Holes @ LMC: 6 (H) -4 (F) =2/2 = /-1
| 20 | 2 +- 1 Assembly Shift: RH Angle Brki Holes @ LMC: 6 (H)-4 (F)=2/2 = +-1
21 2 +- 0 Position of Dia 5.7 DFy Holes on RH Angle Brkt: N/A
22 2 +/- 0 us Tolerance: N/A
= | 2 + 0 Datum Feature Shift. NJA
24 2 121 +/- im: CL s - Flan ace on Brict SiC
25 [ +-03 _|Profle nge Face on gle
28 2 41 Datum Feature Shift: { .700.3)-@.7-03-1.4))128+I-1
i 2 2.5 +- 0.1 RH Angle Brkt Flan ickn 8ss
2| 7 | 2 +- 0.2 |Thickness of RH Plate
(28 [6&7 73 | +£ 05 |Thickness of RH Plate & Boss
585 536 +-10 Worst Case Tolerance
+- 279 RSS Tolerance
Adjusted RSS Tolerance ( RSS * 1.5)
Positive T 59.5
Negative Total -53.6
Nominal Gap| 5.9 +~4.18 |Adjusted RSS Tolerance
[Wax Gap 10.08 |Cleannce
Min Gap 1.72 |Clearance
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Chapter #9 Geometric Dimensioning and Tolerancing

Positional Tolerance Summary

* Converting positional tolerances to equal bilateral = tolerances

* Positional tolerances are relatively easy to convert into equivalent ==
location tolerances.

* The method used to convert a positional tolerance depends on the
material condition modifier (RFS, MMC, or LMC) applied to the tolerance
and whether the tolerance is applied to features that affect the location
of other features in the Tolerance Stack up.
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Chapter #9 Geometric Dimensioning and Tolerancing

Composite Positional Tolerance

 The positional tolerance specified in the uppermost segment of the
feature control frame represents the total allowable variation in location
of the features to a datum reference frame.

e Typically the tolerance defined in the uppermost segment is used in
Tolerance Stack ups.

 The tolerance zones defined in the lower segments of a composite feature
control frame are not basically located to a datum reference frame— they
may only be basically oriented to a datum reference frame and are
basically located to each other in the case of a pattern.

OMNEX
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Chapter #9 Geometric Dimensioning and Tolerancing

Composite Positional Tolerance

 both are included and formatted in the Tolerance Stack up report the same way
as a single segment positional tolerance.

 Three lines are entered into the Tolerance Stack up report: the positional
tolerance is entered on the first line, the bonus tolerance is entered on the
second line, and datum feature shift is entered on the third line.

 The positional tolerance specified in a lower segment may be used in a
Tolerance Stack up if the Tolerance Stack up is between features in a pattern.
The positional tolerance specified in a lower segment may also be used with
more advanced tolerancing techniques, such as when “simultaneous
requirements” is explicitly stated

OMNEX
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Chapter #9 Geometric Dimensioning and Tolerancing

Datum Feature Shift

* When datum features of size are referenced at MMC or LMC, their datum
feature simulators may be smaller or larger than the datum features of size,
which allows the part to shift or move relative to the datum feature
simulators.

e The worst-case difference in size between the datum features and their
simulators is the amount of datum feature shift.

 Datum shift means the datum features can shift during the inspection
process—there is not a one-to-one relationship between the datum features
and the datum feature simulators.

OMNEX
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Chapter #9 Geometric Dimensioning and Tolerancing

Datum Feature Shift

@10 20.6 The Geometric Tolerance
- Specified for the Datum
[_L[2140D[A | Feature may also Affect

How it is Simulated

Datum Reference Frame
/_ is Defined Here
\r
¢ | g2 A [BOD|

\—This Material Condition
Modifier Determines How
the Datum Feature is

A Simulated

Datum Feature of Size Specified at MMC
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Datum Feature Shift

10 0.2
No Geometric Tolerance

is specified for the
Datum Feature

o \—lwm@ua@:nl

\— The Datum Featurs is
Simulaled at its MMC
Size Because of This
MMC Moedifier, and no
Geometric Tolerance
is Specified for
the Datum Feature

- —— —

Datum Feature of Size Specified at MMC:
Teo Be Simulated at ks MMC Size
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Datum Feature Shift

210.2 LMC Hole |
" (Largest)

09.8 Datum Feature
Simulator B

(MMC Size)

——

}—- ©210.2 LMC Datum Feature B

7

\\\\\

AN

Gage

—— - —

Datum Feature of Size Specified at MMC

With MMC Datum Feature Simulator - Not Shifted

No Datum Shift

OMNEX

M

©10.2 LMC Hole
—" {Largest)

©10.2 LMC Datum Feature B

@9.8 Datum Feature
Simulator B ~— (.4 Datum FeatureShift
(MMC Size)

Part shifted to Right About
Datum Feature Simulator

\V// i // Shifted 0.2 From Nominal

M IN

Gage

Datum Feature of Size Specified at MMC
Shifted About MMC Size Datum Feature Simulator




Chapter #9 Geometric Dimensioning and Tolerancing

Da;um Feature Shift

MMC size = @10.0 nominal size
—0.2 size tolerance
9.8 MMC size

LMC (largest) size of the hole = 10.0 nominal size

+0.2 size tolerance
= 10.2 LMC size

Datum feature shift = ©/10.2 LMC Size
—39.8 MMC Size
= 0.4 Datum Feature Shift

e Divide the datum feature shift by 2 = 0.4/2 = +0.2.
This is the equal bilateral £+ equivalent
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Datum Feature Shift

2X 810 £08

|4 |#1.a8|a] ————— A Positional Telerance
iz specified for the

E Daturmn Features

:

/

: —[e85] -
L=l

LThE Datum Feature iz

Simulated at its WIS

Virtual Condition Size
Because of This MMC

] | kodifier, and a Posilional
Tolerance is Sgecified

| I " T i T
: : | ' - . | for the Daturn Fealures
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Datum Feature Shift

Gé}% & FIGURE 9.44 Datum feature shift:
! \ Datum feature of size to be

simulated at MMC VC with
— A \ 5106 LG Holes datum feature simulator, no shift.
(Largest) Datum Features of Size
Referenced at MMC:
___|_ @8 Datum Fealure Simulators B With MMC Virtual Condition
(MMC Virtual Condition Size) .
Datum Feature Simulators - Not
+| —10.6 LMC Datum Features B Shifted
L | P
2z IR | | [ A
S | & | AN\
31.4 \_ Gage

OMNEX
2
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Datum Feature Shift
’ FIGURE 945 Datum

_~ feature shift: Datum
e feature of size to be
' simulated at MMC VC

with datum feature
simulator, shifted.

©210.6 LMC Holes
(Largest)

Datum Features of Size
Referenced at MMC:

Shifted About MMC
Virtual Condition

~-—=— 10.6 LMC Datum Features B

28 Datum Feature Simulators B

26 ift —~ |
Datum Feature Shift —-| | (MMC Virtual Condition Size)

Part Shifted to Left

about Datum Feature Part Datum Feature
S . in i @ Simulators
— M | | Al
Shifted 1-.3 from \\\\\\\\\\ | \
Nominal , \

Gage

OMNEX
2
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Chapter #9 Geometric Dimensioning and Tolerancing

Simultaneous And Separate Requirements

* Simultaneous Requirements

Simultaneous requirements is the default condition for drawings prepared
using the ASME Y14.5M-1994 standard. Unless specified otherwise,
simultaneous requirements applies to all single segment feature control
frames and the uppermost segment of all composite feature control frames
related to the same datum reference frame.

The same datum reference frame means the same datum features are
accompanied by the same modifiers referenced in exactly the same order of
precedence in each feature control frame. This includes material condition
modifiers and other modifiers.
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Simultaneous Requirements

—{zs— {0} ' 3X 04 025
ax : [¢]21.50[a[8@]
[Eo1@®2[als®@) o [ee]
2x[Ris]

|

5

RS %
Fan
L

P

7] | A 3
'd T
ZJ(DBtD.‘IB/ Fanl x—!
% Go.25@ ] [1o0H-{10H~—20} {30} a1.25(a B0
=g
8] 180]
| |
= PR R i i i i 1| interpret Drawing per

ASME Y 14.5M-1994.

123-001 - Back Panel with Simultaneous Requirements as the Defaut Condition
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Assembly With Switch Carrier

ax
4X 95 02
<4 o.a® A <
t 2 CP
O] ®
(s} {20]

——

£710.15 — =

i ? | Interpret Drawing per

ASME Y 14 5M-1904.

Switch Carrier

Direction of Study

A |

The Switch Carrier muwst nat
axtend beyond this surface.

B—f"J
Gap A-B

4 Screws — |
Thread into
Tapped Hales

Switch Carriar —|

Back Pansl

S

@,

i T
[ 1
= -
Assembly with Switch Carrier

OMNEX

M
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Simultaneous Requirements

(1) Profile Edge Profile Edge (12
_@n DF Shift DF Shift (13
{Switch Carmier) - {Back Panel)

Gap A-B +i)
e :
=T 7 7. o O

5 ;

® ____,-av""""r_ Switch Carier

(4) Positicn DF B Holes — O
(&) Bonus Tolerance _/ :

® oF st O O | BackPanel

O "

{Switch Carmer)

{7 Assembly Shift

.‘.: 1

{Swiltch Carier) i
::'.é
Position DF B Holes / O O Direction of Study|
L l J—ﬂ

(8) Bonus Toleranca
DF Shift -~
{Back Panal)

Chain of Dimansions and Tolerances

FIGURE 9.52 Simultaneous requirements-Tolerance Stackup sketch for Figs. 9.50
and 9.51.
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Simultaneous Requirements

TENSE T 24

[Frogram Tolerance Analysis &d StackLp Manual Stack [pfometion
Frodct. Part Number  Rev Descoption =aEck o Figure 9-50
Assemoly 34a) A HackPanel with wWath Switch Camer, with SIMULTAN EQUS REQUIREMENTS Dater O7m4m2
Rewision A
Problem: Switch Carmer hust Mot Interfene with Mating Parts: |t Must Not Hang Over Edge of Back Panel
Direction: ‘WVemcal
Dhjecive Detemning if Saich Camer Probrudes Beyvong Upger Edge of B ack Pang| Author BR Fischer
Descripton of Perent '
Component / Assy  PatNumbsr  Rev  |em DEscrpkion + Dim s = Dims Tol Conrib  Dim / Tol Sounce & Calcs
Swilch Carner 123007 A 1 |Profie’ Upper Edge Along FLe - 05000 17 7%  [Frofile 1,5 Bm
2 |Datum Featiure SHt {DFp g yae - DFBa)/ 2 +- 0&00D 212% [=05+02-(5-0.2- 08072
3 __{Dim Upper Edge of Bwitch Carvier - Datum B £, 0000] =~ 0.0000 D% 5 Basic gn Dwyg
4 [Position: DF  Holes = 00000 0% M - (See Mote 5
5 [Bonus Tolgrance +- 00000 0% M — (Sae Nole )
& | Draturn Feature Shift = 000D 0% Mia - DF  not a Fealurs of Size
7 __|Assembhy ST (Mounting HoESyue - F) /2 = 0 5000 212% |S(5+07-4172 (SesMote )
Back Pans| 123001 A B [Pesition: W4 Holes - 05000 17 7% JPosilion dis 1 @ MMC A_Bm
om Floure 30i&) 8 lfonus Tolerahee - 0 00a0 0.0% [N - Assume Threads are sell-centening
10_|Datum Feature Shift: (DFp g - DFSy) 7 2 +- 10000 0.0% [N - SIM REQTS - (SeeNate 1)
L 11 |Dim CL Holes - Edoe of Base Plaie 9, 2500 - 00000 0% 520 Harsic on Dwg
1 19 [Profiie Edge Along PLA - 0.6750 221% [Pmfile 125 A Bm
| 13 |Detum Festure SNIT (DF, g e - DF 5g) 7 2 +- 10,0000 0% [N - SIld REQTS - (See Note 1)
Cemension Tatals 9.2500 &.0000|
Mominal Distance: Pos Dims - Neg Dims = 3. 2500]
Mom Tol M Bas
RESULTE: Arittenetic Stack (Worst Case 3.2500 | +- 28250 04250 B.0750
Statistical Stack (REEN 37600 |+ 12601 1,98 A.8151
Adlusted Statisticat 1.5°RES] 52500 H- 19037 13463 | 51537

Mates: 1 - Datum Fealure Shift is not included Tor the Back Pand in this Tolerance Sackup because Simultaneaus Requrements i3 e Default and the Chaim of Dimensions does not go though or inciude e Daium

Fezllires of Size onthe Bzck Panel, The Upper Surface and the M4 holes on the Back Parel ae consideed a pattem, hecause Simuaneous Reguirements i the Default on the Back Panel araming.
2= W4 Sirew Dimensons: Uses 4mm a8 Major Diameter of Threads

2
3-In this example the Postional Tolerance on the Switeh C amers Daum Feature B Holes does not confribute to the Stackup. Because the holes am the secondary Datum Feabun, they are the

basis fram which sl olter features on 1NE P&t are ucated in fhe directon of the Stackup,

Azaumctions;

e AT

- Mone, There is 0425 desrance with Smutanseous Requirements in effect on the Back Pansl,

FIGURE 9.50 Tolerance Stackup with Simultaneous requirements.
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Separate Requirements

* During inspection, the relationship between the datum features of size and
their simulators may be changed (the part may be shifted about the datum
feature simulators) for each feature or group of features related to each
feature control frame specifying the same datum reference frame.

 Where specified, separate requirements apply between distinct feature
control frames. The relationship of the datum features to their simulators
must be maintained while inspecting the features toleranced by any one
feature control frame, but may be changed between feature control frames,
even if they reference the same datum reference frame.
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Separate Requirements

Aol 3X 04 :0.25
s = | /F; 5ﬁ1t.5® a |BAD
: SEP REQT
N Ee—
[&lo1i@®z]alsdd]| ™ sx[Re]
SEP REQT 2x [R5
!
8.25
\f;? O ¢ ﬁ]
5
23] O
o0 e
O
[34.75] PN 55]
dr\f' 3
)y <
2“’“‘“5'/ N[B[0
& | Fo.250 [a] —
é '-B_||_EII EP R
I ] I ] .
7Joas]  [_1 ¢ | I I 1 | interpret Drawing per
| [ ASME Y 14.54-1994,
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Assembly with Switch Carrier

4[R5 | The Switch Carrier must nat
Direction of Study axtend beyord this surface.
44X O5 02 -
[$[dos@]al - < 18] ljf\
7 :r} A —
| ! B—" O
23 l:a.ﬁ':l Gap A-B -
1A B@ e P O
[ [1]a 8@ ,\{ B 5 | . P
Thraad into

Tapped Hales O

[6H~—~—20}—
[==l
: 132] Switch Carrler — |
‘ { _/
L ] ]
7015 Back Panel
—
A Interpret Drawing per
ASME ¥ 14 581-1994. : T T '
= -
Bwiitch Camisr
Assembly with Switch Carrer
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Separate Requirements

rogram; Tolerance Analysis and Stackup Manual ; Stack Information

Product Pat Number _ Rev Descaption Stack No Figure 851
Assemily 32(¢) A Back Panel with With Switch Cerder. with SEPARATE REQUIREMENTS Date 07/0402
Revision A

Prosiem Swich Carrler Must Not Interfere with Mating Parts: It Must Not Hang Over E0ge of Sack Panel
Direction:  Vertical

Determing If Swch Camer Protrudes Upper Edge of Back Pane! Autnor. BR Flscher
on of Petent
1 As! Pat Numbar _ Rev l=m +Dims - Dmms Tol Contrb _ Dim / Tol Source & Calcs
wichCamer | 125000 A1 pper Edge Along Pt S- 05000 | 1a8% Jpmofie 1A Bm
2 |om Feature Shift: (OFs gusc - DFSe)/ 2 |+~ 05000 1768% |=(5+02-(5-02-0.8)/2
3 _IDim Upger Edge of Switch Carmer - DAum 8 6.0000] +/- 00000 |
4__|Poswion: DFy Holes +- 00000 0% INJA - (See Note 3)
5 _|Borus Tolersnce +- 00000 0% JuA
6 |Datum Feature Shit +- 00000 0% NJA - DF o nct 3 Feature of Sze
7 bly Shift. (Mounting Holesuee - F) /2 +- 0.6000 178% |={(5+02)-4)/2 (SeeNote?)
Pa 120003 | A = +7- 0 500C 146% |Postion dia 1 @ MMC A Bm
E% ET;E' 30(6) A —Assume 1 3 n
10_|Datum Feature Shift: (DF s g e - OF S3)/ 2 _ +- 02750 81% |=((8+0.15)-(8-0.15-025))/2
1 Imm CL Hies - Eoge of Base Piae S 2500 /- 00000 7% 3sic on
12 lProfile: Edge Along PtA M-05250
13 _|Oatum Festure St (OF -DFSy)/2 +- 02750 81% |=((8+0.16)- (8- 0.15- 0.25)) ) 2 (SEP REQTS)
Dimension Totats| 9 60
Nominal e Pos Dims - = 32
Tol nin Mac
RESULTS: | +- 3750 | -01260 | 66250
+ 74 1.8226 45714
- 10910 2590 | 52410 |

Notes, 1 - Datum Feature Shit 1s included for the tre Posttional and Profile tolerances on the Back Panel in this Tolerance Stackup because Separate Requiremernts S the Defaut on the Back Pane drawing.
The Upper Surface and the M4 holes onthe Sack Pang are not consicered a pattem, because Separate Reguirements s the Default.
2- M4 Screw Dimersions: Usea 4mm as Major Diameter of Threads
3 - In this example the Positional Tolerance on the Switch Camier's Datum Feature 8 Holes does nat contribute to the Staclap. Because the holes are the secondary Datum Feature, they are the

Sugoested ACBOn,
- With Separate Requirements n effect on the Back Pane! the Switch Camer Overlap 1s 0.125.

FIGURE 9.51 Tolerance Stackup with Separate requirements.
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Chapter #10

Plus/Minus Tolerance

Positional tolerancing is based on the idea that a cylindrical feature of size,
such as a hole, should be allowed to vary in location the same amount in any

direction.

Plus/minus location tolerances state how much the location of a feature may

vary in a specific direction.

203 +0.3
6;! |
42+ 0.5
W 41'
e A e ) H——

Standard = Tolerancing
(Creates a rectangular tolerance zone)

1 X 1 Rectangular
1.4 Tolerance Zone

HYPOTEMUSE

== (1.5 -I—'J-I- 0.5 -

1

OMNEX
2
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PIus/minuS and positional tolerance zones with math.

1.4 Positional
© Tolerance Zona

1.4 Across Corners

~

1 X 1 Rectangular

/_ 'Eolaanos Zone
"'3

0.7 Diagonally 0.5
Displaced __i__ 1

0.5

57% Larger L |

Tolerance Zone

05 - 0.5

Overlaid Rectangular and Positional Tolerance Zones

S/\ N N
aw /T o AT
Vi < 1 <%°

=l

L ek

Square % Right Angle Pythagorean Theorem
Tolerance Zone Trig Solution Solution
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Rectangular = and positional tolerance zones with math.

1 X 2 Rectangular Tolerance Zona
&2 2 Positional Tolerance Fona

1.1 Diagonally l
Displaced j
f
..‘. 05
5 T
96 % Larger Ly 05
Telerance Zone !

(for this exampla)

=2 1 — { —

Overlaid Rectangular and Positional Toleranes Zones

zzﬁmmsaﬁ::\\ ”#\\ ”HA\
- H=22 C=22

.- f T T
f’}ﬁg ; uﬂﬂ"/ : \(25‘-5'/ AII=1
f | ! , /

2 - |= 2 = | B=2

Rectangular = Tolerance Zone Right Angle Trig Solution Pythagorean Theorem Solution
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Projected tolerance zones: Specification and meaning.

THIS ON THE DRAWING:

21041
e Foz@ @alalslc]
1_____
‘L___:_ In this example, a Projected
Tolerance Zone of 40mm has been
) specified. The distance the tolerance
TN zone is projected depends on the
thickness of the mating parts and
assembly conditions.
MEANS THIS:
——— 40 MIN
(e
4_____ r @2 Tolerance Zone
e —— = e
1\
T
Projected Tolerance Zone

When a Projected Tolerance Zone is Specified, the tolerance zone lies entirely outside the part.
The tolerance zone extends the specified distance from the surface the hole penetrates
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Projected tolerance zones: Specification and meaning.

AND ALLOWS THIS:

40MIN ———=

@12 Tolerance Zone
,.\r-_.——-'-"'_-_ — _P_I——L
— T

£\~ = |

Frojectad Tolerance Zone

>—A

- With a projected tolerance zone specified, the axis of the hole may shift and/or filt withir} tha_
projected zone. The axis of the hole is not constrained within the part itself. thca that in this
example the hole falls outside of the zone if the zone was inside the part—this is acceptable, as
the axis is only required to be within the projected zone.




Chapter #170
Projected tolerance zones: Inside and outside the part.

I 50 MIN
_——"--"'I-.._‘______p_—d-!—__,.w
PR it
/1 P
/o —— — — - -
(j‘" i l - - - - - @4 Tolerance Zone
TN r
L I:::__:—_:-_
Projected Tolerance Zone

A Projected Tolerance Zone is Specified the tolerance zone lies entirely outside the part. The
tolerance zone extends the specified distance from the surface the hole penetrates.

[~——— 50MIN
_''_‘'‘-----r-'''-1-....,__._'__'_,..----r--'-'—n—.__,..--\‘f‘I
/1 I &4 Tolerance Zone
i s
AN 'E Rl Projected Tolerance Zone
LI sheiet ey
Axis with Maximum Tilt
W
The axis of the hole may tilt and/or shift within the projected tolerance zone. This example shows
maximum tilt within the projected zone. Notice where the axis of the tapped hole is within the part.
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Projected tolerance zones: Inside and outside the part.

I-_'_'\-u-»-"-\-.__

Axis of the hole can
be within this area
inside the part as
long as the axis falls
within the projected
tolerance zone
outside the part

[—*-'v

—~

- 50 MIN
.—_-......-::'" l
&4 Tolerance Zone
!

Axis with Maximum Tilt
(Both Directions)

When a projected tolerance zone is specified, the location and orientation of the axis of the hole
inside the part is limited only by the projected tolerance zone. The area the axis can occupy inside
the part is shown above. However, the axis cannot tilt so much inside the part that it violates the
projected tolerance zone outside the part.
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Projected Tolerance Zone is Not Used

TP T,P

- A N N
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e
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Formula B5: When Projected Tolerance Zone is Not Specified: H=F + T, + T;(1 +2—§}




Chapter #10
: —

Projected Tolerance Zone is Not Used
Where:
H = Smallest Clearance Hole Diameter (MMC) T4 = Tolerance Zone Diameter for Clearance Hole @ MMC
F = Largest Fastener Diameter (MMC) T, = Tolerance Zone Diameter for Tapped/Press-fit Hole @ MMC
P = Maximum Projection of Fastener D = Minimum Depth of Engagement in Threaded or Press-fil Hole

o = Angle of Inclination (Tilf) Allowed by Ta

Proof: :

Given the two triangles above representing the tolerance zone diameters:

Ts X

- T,P
Set up equality based on o = o (same angle). Prove X = %2

@tan&=% @ tana=§

TP
Substitute D/T2 for tan « in Equation @: T£=~§ Solve for X: X= '%T
2

As can be seen in the above figure, the Total Projected Tolerance Zone width =X + T + X = To +2X
(X must be added twice because the axis of the tapped hole may tilt in any direction (left or right in the figure))

T,P
Substitute for X in the Total Projected Tolerance Zone Width: To + 2X = Tp +2 —5— = To(1+ )

This tolerance zone value can be substituted into the Fixed Fastener Formula H = F + T4 + T, to represent the
Equivalent Tolerance Contributed by the Fixed Fastener.

Substitute the equivalent projected tolerance To(1 + ) for Ty H=F + Ty + Ty(1 + 2,
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Perpendicularity is used with Position
and a Projected Tolerance Zone is Not Specified

THIS ON THE DRAWING:

10 £ 1

I | oT
1 o7,

>

—_—— In this example, Perpendicularity
has been specified instead of

specifying a Projected Tolerance
Zone with Position. .

""‘-"\.J : Note that the Primary Datum

Feature must be the interface
>—A between the mating parts, Datum
Featura A in this case.
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Perpendicularity is used with Position
and a Projected Tolerance Zone is Not Specified

MEANS THIS:
L T2 LN
H—V—H_"L\
\ x X
~ Surface of Part
(Primary Datum
i Feature)
=]
Height of Projection 2
me o L
LSS || [T
o 21!
Depth of Engagement
{min) Positional or Orientation Tolerance
% Zone on Tapped/Press-fit Hole
(Not Specified with Projected Tol)
kw,_.l
Ty

When Perpendicularity is Specified with Position instead of a Projected Tolerance Zone:

Where:

H = Smallest Clearance Hole Diameter (MMC) Ty = Tolerance Zone Diameter for Clearance Hole @ MMC

F = Largest Fastener Diameter (MMC) Ty = Tolerance Zone Diameter for Tapped/Press-fit Hole @ MMC
P = Maximum Projection of Fastener D = Minimum Depth of Engagement in Threaded or Press-fit Hole

T, = Perpendicularity Tolerance o = Angle of Incination (Tilt) allowed by T n
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Perpendicularity is used with Position
and a Projected Tolerance Zone is Not Specified

Assumptions:

- Primary Datum Feature is the interface between the mating parts.
-'TE and TJ_ app-li&d RFS.

{Bonus tolerance associated with MMC and LMC present a problem. Not addressed here )
2P
Solution Requires a Modified Version of Formula BS: H=F + T, + T + L
Per the previ'nus figure, substitute X for the additional tolerance allowed by T;:

H=F +T,+ T, +2X

Proof:

Given the two triangles above representing the tolerance zone diameters:

1 O

T A
' TP
Set up equality based on o« = o (same angle). Prove X = -5 ¢
: o -
{Dtﬂ"ﬁ'i @tanu. =
= D = - D - L hrxr .K= E:r—l
Substitute = for tan o in Equation @ T_J.- W Solve : D

Ty

Substitute for X in modified formula B5 above: H = F + T, + T, + 2X
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Diametral Tolerancing Stack-up




Chapter #11 Diametral Tolerancing Stack-up

Coaxial Error and Positional Tolerancing

~ @20+ 0.8

— @13 +0.2

to calculate the maximum coaxial
error or eccentricity between
nominally coaxial features.

7

COAXIALITY BETWEEN THESE DIAMETERS IS NOT SPECIFIED.

FIGURE 11.1 Coaxial pin without GD&T.

@20+£038

— @13+£02

FIGURE 11.3 Coaxial pin with GD&T.
Feature Reference: RFS, Datum Feature Reference: RES.

OMNEX
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Coaxial Error and Positional Tolerancing RFS/Datum RFS

— 219.2

— (E Toleranced Feature — @12.8
Tolerance Zone Datum Feature Simulator A
(PTL) (DFS,)

‘ 0.5 / vttt st i ] — 9128
__r—- i 1~ Datum Feature A
‘_r_ —— - - (DF4)
1 1 ]L i 3 ! 1

PP T rrrrrys \
Datum Axis

& @ Datum Feature A

Datum Feature Simulator A (DFS ,)
Contacts Datum Feature A (DF ,)

FIGURE 11.4 Maximum coaxial error for Pin in Figure 12.3.

DFSy — DFp +PT;, 128 —12.8 +1

2 2

Max coaxial error =

= 0.5
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Chapter #11 Diametral Tolerancing Stack-up

Coaxial Error and Positional Tolerancing MMC/Datum RFS

To calculate the maximum coaxial error or eccentricity between nominally coaxial
features.

— @20+08
S PW]A ~ 213+0.2

' _ |
: T
A

FIGURE 11.5 Coaxial pin with GD&T.
Feature Reference: MMC, Datum Feature Reference: RFS.
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Coaxial Error and Positional Tolerancing MMC/Datum RFS

— @192
@ Toleranced Feature — @128

B 1?:8 2 Datum Feature Simulator A

(F?_?ernoe one (DFS p‘)

: — @12.8

- 13 / S LLLLLL Datum Feature A
: I ~ - (DF)
i \

F .

7 VIl \
Datum Axis

& @ Datum Feature A

Datum Feature Simulator A (DFS )
Contacts Datum Feature A (DF ,)

FIGURE 11.6 Maximum coaxial error for Pin in Figure 12.5: MMC-RFS.

Max coaxial error = DFSA — DFs +PTy _ 128 —12.8+2.6

2 2

2.6
=5 = 1.3
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Coaxial Error and Positional Tolerancing RFS/Datum MMC

To calculate the maximum coaxial error or eccentricity between nominally coaxial

features.
— @20+0.8
S ILNAD — @313 +0.2
]
| k
N |
t
! A
FIGURE 11.7 Coaxial pin with GD&T.
Feature Reference: RFS, Datum Feature Reference: MMC.
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Coaxial Error and Positional Tolerancing RFS/Datum MMC

— 8192

1
rmlamma Zone
(PTL)

/ @ Toleranced Feature

L f i A )

Datum Axis

@132
Datum Feature Simulator &
(DFS a)

— @12.8

ﬁ‘__‘U_, R

LD.E

Datum . Feature & :
{DFy)

7 //f/,—‘fx//f//4"\\_

f

(E Datum Feature A

Datum Feature Simulator A (DFS )

FIGURE 11.8 Maximum coaxial error for Pin in Figure 10.7: RES-MMC.

Max coaxial error = DESA — ]:;FA + PTL 13.2 — 52,8 +1
1.4
= = 0.7
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Chapter #11 Diametral Tolerancing Stack-up

Coaxial Error and Positional Tolerancing MMC/Datum MMC

To calculate the maximum coaxial error or eccentricity between nominally coaxial
features.

. 320+08
& | S1W | AW  313£02

=7
. A

FIGURE 11.9 Coaxial pin with GD&T.
Feature Reference: MMC, Datum Feature Reference: MMC.
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Coaxial Error and Positional Tolerancing MMC/Datum MMC

. 7192 Datum Axis
ture
R ¢ Toleranced Fea 513.2
Tu.uleranca Zone Datum Feature Simulator A
(PTL) (DFS,)

" ' — 2128
/!/f////f//////} Dt oA

1.3 {
o / | ©OFW

;1f ! ? — - - \ L0.2

e W eorrvereee \ %
' - l G Datum Feature A

Datum Feature Simulator A (DFS )

FiGURE 11.10 Maximum coaxial error for Pin in Figu:e 12.9: MMC-MMC.

Max coaxial error = DFSs — DFA + PTL _ 13.2-12.8+4+2.6

2 2

3
=3 = 1.5 (Worst—case!)
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Chapter #12 MMC/LMC Tolerancing Analysis

Material Condition Modifiers

* Selecting a material condition modifier is not an arbitrary decision—it is a functional
decision. Other factors may influence the decision, such as fixturing, inspection
practices, or company preference, but first and foremost it is a functional decision.

When performing a Tolerance Stack up, the Tolerance Analyst breaks out the amount
of variation contributed by each tolerance and each material condition modifier onto
separate lines in the Tolerance Stack up report.

(M) MAXIMUM MATERIAL CONDITION

(L) LEAST MATERIAL CONDITION

(8)  REGARDLESS OF FEATURE SIZE

FIGURE 12.1 Material condition modifiers. The symbol for RFS is obsolete, but
may be reinvoked from ANSI Y14.5M-1982-see ASME Y 14.5M-1994 para. 2.8(b.)

OMNEX
I——

Copyright 2018 Omney, Inc. All Rights Reserved. 212
WWW.OMNEX.COM



Chapter #12 MMC/LMC Tolerancing Analysis

Material Condition Modifiers Selection criteria

* Three factors must be considered when selecting a material
condition modifier:
1. fit : MMC
2. edge distance or wall thickness: LMC
3. alignment: RFS

e |ffitis the only functional concern, then MMC is the correct
material condition modifier to use.

OMNEX
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Chapter #12 MMC/LMC Tolerancing Analysis

Material Condition Modifiers Selection criteria

* Maintaining Minimum Wall Thickness or Edge Distance
(When at Least One of the Features Is an Internal Feature)

e |If the only functional concern is that minimum wall thickness or edge
distance is maintained at the worst-case condition, then LMC is the
correct material condition modifier to use.

* |n many situations, the axes of features must be as close to their nominal
location as possible.

* Where alignment is the only functional concern, such as where the axes of
two or more diameters must be aligned, RFS is the material condition
modifier to use.
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Chapter #13 Tolerance Stack-up Sketch
What needed to create Tolerance Stackup Sketch

* Creating the Tolerance Stack up sketch should be the first step when starting
a Tolerance Stack up. The sketch should always be done prior to filling out
the Tolerance Stack up report form.

 Three things are needed to create the Tolerance Stack up sketch:
Detail drawings of all the manufactured components in the

Tolerance Stack up

Detail sheets and related dimension and tolerance information
for catalog items

An assembly drawing, and possibly a model of the assembly or
the actual assembly.
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Chapter #13 Tolerance Stack-up Sketch

Tolerance Stack up Sketch Content

Part and Assembly Geometry in the Tolerance Stack up Sketch

—

e

Fasteners Steel Inserts Seal Cover
} -+ Seal Gap A-B

Chamber

IR

The Seal Gap must be Between 0.000 and 0.010.
(Dimensions and Tolerances Not Shown.)

FIGURE 13.3 Scale of Tolerance Stackup sketch is too small.




Chapter #13 Tolerance Stack-up Sketch

Part and Assembly Geometry in the Tolerance Stack up Sketch

DN [
J‘ / N ]7 1 2+01 )
I.'3a|:h-I='~-B--1I L f | | \\3: - I—3t0.5®
= T
N
Profile Ed{g)e @
DF Shift
Enlarged
Detail View (Enclasure)
Profile Edge (1)
, DF Shift (2)
Cover Fasteners 5.75|(3@) (Cover)
fo ffffﬁ?fxx} I
A i A i i A A B A W A .J'I: \_E
%\ N
N NG
R S D S SRR R h h \\\\ +
Endosure Stackup Direction
Tolerance Stackup Sketch of Parts Dimensioned and [

Toleranced Using the Plus and Minus () System and GD&T

FIGURE 135 Tolerance Stackup sketch with enlarged detail view for clarity.
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Chapter #13 Tolerance Stack-up Sketch

Tolerance Stack up Sketch Annotation

Tolerance Stack up sketch annotation may include:

OO0 NOULLPE WN B

. part identification

. identification of the distance or gap being studied
. identification of the Tolerance Stack up direction

. = Dimensions and Tolerances

. converted angular Dimensions and Tolerances

. geometric Dimensions and Tolerances

. bonus tolerances

. datum feature shift

. assembly shift

10. item numbers

11. dimension direction signs (positive or negative direction)

12. title
13. reference information

OMNEX
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Chapter #13 Tolerance Stack-up Sketch
Tolerance Stack up Sketch Annotation

\ 123:0.1(5
2N, [
o—it L LI1 N\ | 3+05@
Bt%.ﬂ@%///;y"//éi“% N ] +T?
e NG
[ R
Gap A-B
Fasteners Cover
(777222222225077777727777778, |
\_{'II fffffff A A A ,f/ffffffff%r’:: E?.tareg{ﬂup
\ R \\\\\\\\\\\\\\‘\\\\x ‘

Enclosure

FIGURE 13.6 Tolerance Stackup sketch with annotation: Parts Dimensioned and

Toleranced using +.
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Chapter #13 Tolerance Stack-up Sketch

Tolerance Stack up Sketch Annotation

(1) Profile Edge rofile
@) DF Shift DF sﬁ:g ®
(Enclosure) (Ground Plate)
/— Ground Plate /—Emlum.lra Gap A-B
- \ / - '_ Ve
© €) © i 8
. -
Ot © <
|
- - © &2
- ) +
-_T Position @5 Holes (2) @J
@Bs Bonus Tulmnﬂa@-? @
® Position M4 Holes DF shitt @)

Bonus Tolerance (Ground Plate) Stackup
@ DF shitt _Assy Shift®) Direction
(Enclosure) ,

Sample Tolerance Stackup Sketch of Parts

Dimensioned and Toleranced Using GD&T
FIGURE 13.8 Tolerance Stackup Sketch with annotation: Parts Dimensioned and
Toleranced using GD&T.
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Chapter #13 Tolerance Stack-up Sketch

Tolerance Stack up Sketch Annotation

Steps for Creating a Tolerance Stack up Sketch on Parts and Assemblies Dimensioned
and Toleranced Using GD&T:

1. Part identification

2. Distance or gap being studied

3. Direction of the Tolerance Stack up

4. The chain of Dimensions and Tolerances

5. Add a descriptive title to the Tolerance Stack up sketch.

6. Add any reference information that may be helpful to the reader.
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Chapter #14 Tolerance Stack-up Report

Tolerance Stack up Report Form

Relesse 122
"~ Staciirformation
—EatNumber Rev Desciption g:;un«
1 - Tracking and Title Data Block fevson
o
on of Percent
om| 1 As3 Pat Number  Rev Iem Description +0ms = Oims Tol Contris  Dim / Tol Source & Calcs
2 - Data Entry Block
E
ension Totals
Nomiral Distance: S -Neqg Dims =
NDm 0 1 M ¢
reR 3 - Results Block
Notes
4 - Notes Block
Assumptions,
5 - Assumptions Block
Suggested Aion:

6 - Suggested Action Block

FIGURE 14.1 Sample Tolerance Stackup report format with blocks identified.




Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry

Guidelines for entering plus minus dimensions and tolerances

The equal bilateral equivalent Dimension and Tolerance values are
entered into the Tolerance Stack up report as follows:

Positive or negative direction signs are assigned to each dimension
in the Tolerance Stack up.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Basic Dimension

e Basic dimension values are entered into the Tolerance Stack up report form
on a separate line from the geometric tolerances.

e geometric dimensions and tolerances are specified as unequal bilateral or
unilateral, they must be converted to equal bilateral format before they can
be entered into the Tolerance Stack up report form.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry—-GD & T

* dimension value and geometric tolerance information are entered on
separate lines in the Tolerance Stack up report form.

* material condition modifiers can be applied to some geometric tolerances,
allowing the tolerance zone to increase in size, leading to bonus tolerance.

e Datum feature references may be modified by material condition
modifiers, creating the possibility of datum feature shift.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry—-GD & T

* The geometric tolerance should be entered on a single line in the Tolerance
Stack up report form.

e Bonus tolerance should be entered on the next line beneath the line for the
geometric tolerance.

e Datum feature shift should be entered on the next line beneath the line for
the bonus tolerance.

* This approach reflects the fact that there is more than one possible
contributions
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry—-GD & T

—{17.4}~

@7.5+0.2

[_L 205 D] A
;

This Material Condition
Modifier Determines

if There is Bonus
Tolerance

28 £ 0.5

@[ z2@[A [B@)

i‘i‘his Material Condition
Modifier Determines

if There is Datum
Feature Shift

Sl S—
=
= ——

L7025

A

FIGURE 14.16 Material condition modifiers in feature control frames: Bonus
tolerance and datum feature shift.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry—-GD & T

* The same number of lines should be entered into the Tolerance Stack up
report form for all like geometric tolerances, regardless if they are specified
regardless of feature size (RFS) or with a datum reference frame that does
not have datum feature shift.

* This means that all profile tolerances will have two lines, all positional
tolerances will have three lines, etc.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Profile

* Profile tolerances
never a bonus tolerance, possibility of datum feature shift
entered into the Tolerance Stack up report form on two lines:
1. profile tolerance

2. datum feature shift.

an unequal bilateral or unilateral format: must be converted to
equal bilateral format.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Profile

Datum Feature B is

Referenced @ MMC, so

This Profile Tolerance
Has Datum Feature Shiﬁ]

[ ]2]A B0

Profile Tolerance -
Zones Do Not
Have Bonus
Tolerance

@75+02

B

Datum-Feature B is
Referenced RFS, So
This Profile Tolerance
Does Mot Have
Datum Feature Shift /

This Datum Reference Frame
Does Mot Contain a Feature
of Size and Cannot Have
Datum Feature Shift

2 |A B

J
This Profile Tolerance is Mot
Related to a Datum Reference
Frame and Cannaot Have

Datum Feature Shift

y
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Profile

Percenrt
Item Description +Dims — Dims Tol Contrin  Dirm / Tol Source & Calcs
{ |Prdfile: Bottom Surface: DF . * 0.1250 10% |Profile 0.25
2__|Datum Feature Shift + 0.0000 0% Ni& - No Datum Reference Frame
= | Dirn: DF&~ Surface @ 2 89mm 29000 + 0.0000 0% 2.9 Basic on dwy
+

FIGURE 14.18 Sample Tolerance Stackup report format: Profile tolerance without datum feature shift and without datum
reference frame.

escription of Percert
Companert/Assy  Pat Number Rey Iem Description +Dims = Dims Tol Contrib _ Dim / Tol Source & Calcs
Sample Part ABC-123 A 1 ]Prcl!le. Bottom Surface DF, + 0.1260 0% Profile 0.25
2 __lDstum Feat hirt % 00000 3% N/ - NO Datum Reference Frame
3 |Dim: DF 4 - Surface @ 28mm 2.9000 x 0.0000 1% 2.9 Basic on dwy
4_|Profile; Suface @ 2 9mm % 05000 5% ngng 1A
5 |Datum Feature Shift % 0.0000 0% /A - DFa rot a Feature of Size
FIGURE 14.19 Sample Tolerance Stackup report format: Profile tolerance without datum feature shift and without datum features
of size.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Profile

[Cescripiian o Percert
[Component / Assy  Part Number Rev  Item Description +Dims = Dims Tol Contrib_ Dim / Tol Source & Calcs
Sanple Part ABC-123 A 1__|Profile: Battom Surface: DF 4 + 0.1260 5% rofde 0.25
2 D STl + 0.0000 /A - No Reference F ra
3 |Dim: DF,» - Upper Suiface 103000, * 0.0000 0% 10.3 Basic on dwgm . .
4_{Profe; Upper Suiface  1.0000 40% Ismg 2AB
5 |Datumn Feature Shift * 0.0000 0% /A - DFy Specified RFS
% 1

EIGURE 14.20 Sample Tolerance Stackup report format: Profile tolerance without datum feature shift and with datum features of
size specified RFS.

Description of Percert
Component/Assy  Pamt Number  Rev ltem Description +Dims = Dims Tol Cortrib _ Dim / Tol Source & Calcs
Sample Part ABC-123 A |Protile Bottom Sutace: DF . * 0.4250 5% |Prafie 0.25

+ 0.0000 0% __IN/A - No Dabum Reference Frame

103000 + 0.0000 0% 10 3 8asic on dw!
= 1.0 30% __|Profie 2 A |
2 04500 16% [(7.6 +02)~-(75-0.2-0.5)1/2

FIGURE 14.21 Sample Tolerance Stackup report format: Profile tolerance with datum feature shift.

Copyri
,ﬁ?‘?ﬁy
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Positional Tolerance

 Positional tolerance information: three lines.
1. The positional tolerance

2. bonus tolerance

3. datum feature shift




Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Positional Tolerance

No Modifier Here Means RFS,
214+ 0.1 So No Bonus Tolerance
4% D47 +0.2 [@[205[A[BED)]
20.5@0] AlC]D l—{ 25—
C] ZDamm FeatureBis
This MMC Modifier Means Referenced @ MMC. so
There is Bonus Tolerance These Postional Tolerances

Have Datum Feature

No Modifier Here Means Datum N /

Feature C is Referenced RFS, So 2: 242025
.ms Po:llond Tolerance Does | \ / €|21.500[A[B @)
Not Have Datum Feature Shift / [
’ \) {) This MMC Modiser
20] Means There is

Bonus Tolerance

Fan
L
EH

2x0620.1/
€] 20.2509[A | ol
==
&) \ =
This Datumn Reference Frame Does
This MMC Modifier Means Not Contaln a Feature of Size and D
There is Bonus Tolerance Cannot Have Datum Faature Shift
| |
[Z=]0.15 Ll;l l;lj
A

FIGURE 14.22 Part with various positional tolerance feature control frames.
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Chapter #14 Tolerance Stack-up Report .

Dimension And Tolerance Entry — Positional Tolerance

Fcnplun of v z Percert
Componert/ Assy  Part Number Rev [®em Description +Dims = Dims Tol Contrib  Dim / Tol Source & Caics
Sample Part ABC-123 A 1 |Position: DFy * 0.1280 10%  |Position da 0.25 @ MMC, A
2 IEOM Tolerance = 01000 8% |=(01+01y2
3__|Datum Feature Shift + 0.0000 0% _|N/A - DFa not a Feature of Size
4 |pim: DFp - DF¢ 350000 + 0.0000 0% |36 Basic on Dwo

FIGURE 14.23 Sample Tolerance Stackup report format: Positional tolerance with bonus tolerance and without datum features of size.

o — T
pon sy PartNumber Rev lem D n Frasn
+Dims — Dims Tol -
on . o D
ple Part ABC-123 A ; lPosmun. DF ; Hole +0.1250 10% :"m’oTndasao cl:r;; ;:;:; A
- lgonu%?;n + 01000 8% [=(01 +0.0/% :
E lmmm- i + 0.0000 0% __IN/A - DFa rot 2 Fealure of Size
- . .orn:u:ce 35 (0010 + 0.0000 0% ___]35 Basic on Dwa
- lBPosumnTo o + 0.2600 20% _|Position da 0.5, A_B @ MMC
8 _Bonus Tojerance £ 0.0000 0% _ |N/A- RFS
+ 022 1§ = [(6 + — (B - —
FIGURE 14. iti um
24 Sample Tolerance Stackup report format: Positional tolerance without bonus tolerance and with dat feature shift
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Positional Tolerance

Descnption of Percert
Component/Assy  Part Number  Rev ltem Dascnption +Dims = Dims Tol Cortrib  Dim / Tol Source & Caics
Sample Part ABC-123 A 1 |Position: DF, Hole +0.1250 10% [Position da 025 @ MMC, A
2 |Borus Tolerance * 01000 8% [=(0i+0.1/2
3 |Datum Feature Shift + 0.0000 0% N/A « DFa not @ Feature of Size
4 |own: DFp - DFc 35 0000 + (,0000 0% |35 Basic on Dwy
5 |Position: 4% Dia 4.7 £ 0.2 Haes + 0.2500 20% |Position da 0.5, A, C, D
6_ |Bonus Tolersnce * 0.2 % __|={02+0.2)/2 "
7__|Datum Feature Shift + 00000 0% A- Datum Features Re'erenced RFS |
FIGURE 14.25 Sample Tolerance Stackup report format: Positional tolerance with bonus tolerance and without datum feature shift.

Descripiion of
Component/Assy  Part Number Rev  item Description +Dims = Dims Tal %gcmeg Dim / Tol Source & Calc
[Sample Part ABC-123 A 1 |Position: DF ; Hale = 0.1250 10% osition dia 0.25 @ MM?‘ A
? Bonus Tnierancg = 0.1000 8% ={0.1+0.1)/2 :
3 |Datum Festure Shint = 0.0000 0% N/A - DFa not a Festure of Size
4 __|Dim: DFp - Dia 4 Holes 30 0000 = 0.0000 0% 30 Basic on Dwig
g .zgit:sn%mi S:Caea £ 025 Holes + 0.7500 0% _|Position da 15, A. B @ MMC
o {Eens oy E; 0.2500 20% |=(025 +025)/2
[Datum £ ShRt + 0.2250 18% ={(6+01)—(6—0.1- 025/
FIGURE 14.26 Sample Tolerance Stackup report format: Positional tolerance with bonus tolerance and with datum feature shift.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Orientation Tolerance

* An orientation tolerance applied to a flat surface may need to be included in
a Tolerance Stack up in cases where the orientation of the surface can cause
other features to tilt, reducing or increasing the gap or interference being
studied.

* COrientation tolerance zones specified for flat surfaces or other surfaces: no
bonus tolerance, but datum feature shift may allowed.

* Sometimes only the orientation of a hole matters, as it may cause other
features to tilt, thereby reducing or increasing a gap or interference being
studied. In such a case the orientation tolerance would be included in the
Tolerance Stack up.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Orientation Tolerance

e an orientation tolerance is included in the Tolerance Stack up if the orientation
tolerance is applied to a secondary datum feature of size.

* Orientation tolerances: Three lines
1.orientation tolerance
2. bonus tolerance
3. datum feature shift




Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Orientation Tolerance

The more datum feature B tilts. The perpendicularity tolerance applied to datum

feature B must be included in the Tolerance Stack up to determine the minimum
wall thickness.

S[s[AE®)]
@13 +0.12
KIEINEG)
‘ 210 +0.1
) @;‘ [L[oozs]A]
\./ 8
£126 + 0.25
©0.30D| A | BGW)
SEENDNED
4 , |
-fi-
1
A R T
/ |£7]0.25] ;
A
@3 +012 .
£ A
FIGURE 14.27 Orientation tolerance on datum feature B may be part of Tolerance
Stackups.
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Form Tolerance

* The possible effect of a form tolerance on the Tolerance Stack up depends
on several factors:

Interface geometry

Flow the interface geometry relates to the part geometry being
studied

Whether the interfacial surfaces are subject to deformation at
assembly, e.g. whether the interfacial surfaces subjected to axial
loading from fasteners
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Chapter #14 Tolerance Stack-up Report

Dimension And Tolerance Entry — Run out Tolerance

* Run out tolerance information is entered into the Tolerance Stack up report form on
two lines.

1. run out tolerance
2. datum feature shift

* A run out tolerance may only be specified RFS, so there is no bonus tolerance.
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Chapter #15 Tolerance Stack-up with Trigonometry

Direction of dimensions in the Tolerance Stack up.

e Only the horizontal Dimensions and Tolerances are included in the chain of
Dimensions and Tolerance.

The vertical Dimensions and Tolerances do not affect the horizontal Tolerance

Stack up.
. Stackup Direction _
MISSING
DISTANCE
= ] %1
0 L 9k
LA T naan 17 (
A Ell[___ }
] F 1 L | _
20k 1 1
| 2X 1.2
* L 4
S—- &
57, — .
OMNEX
L
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Chapter #15 Tolerance Stack-up with Trigonometry

Direction of dimensions in the Tolerance Stack up.

A B
- DISTANCE A-B .

/ Part 1 Part 2 —\

ST T

FIGURE 15.2 Simple Assembly with inclined surfaces.
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Chapter #15 Tolerance Stack-up with Trigonometry

Direction of dimensions in the Tolerance Stack up.

— 2‘6 -—
-——(20} £[2|AB|C
t
e “ﬁ'\_i /
T /705 | % 3o
A
-~—20 1= _[3214\/
—[C B
[ Jos5]A[B L [05]A
FIGURE 15.3 Detail drawing of part I with inclined surface.
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Chapter #15 Tolerance Stack-up with Trigonometry

Direction of dimensions in the Tolerance Stack up.

L [05]A
|

h(zo)—[. /‘iQIZIAIBICI ,’ (4?)
A=[2]A]8[c]
12fi-1 \ 4
E [45°] _[él_\< !
f

' .
i !,:"-_7 0-5[ ___T \ 12*1:1
-—20 + 1 (32—-1 ' i |
(2 (30) — 2041~
| +1
_ 361
T Tos[AlE] TTos[A °] [=od]
v L [o5]A]B

FIGUHE 15.3 Detail drawing of part 1 with inclined surface. FIGURE 15.4 Detail drawing of part 2 with inclined surface.




Chapter #15 Tolerance Stack-up with Trigonometry

Direction of dimensions in the Tolerance Stack up.

A B
- DISTANCE A-B ——
+
@w*r ¢ 36 .
& 26 =
(2) Profile Profile (4)
(3)DF Shift —\ /_ DF Shiﬂ@_‘
F'art 1_\1 /—- Part 2

ST

. Stackup Direction

o




Chapter #15 Tolerance Stack-up with Trigonometry

Direction of dimensions in the Tolerance Stack up.

Tolerance Stack

Release 1.2a
Program: Tolerance Analysis and Stackup Manual Stack Information;
Product: Number Stack No: Figure 15-8
A Assembly with Inclined Surfaces Date: 07/04/02
Revision A
MhMm“MMthMNE&dd“MTMde%MMW
Direction: Honzontal
BR Fischer
Description of Percent
nt / Part Number  Rev Itern D tion +Dims  ~-Dims Tol Contrib  Dim / Tol Source & Calcs
Part 1 “ANG-5.1 Al 1 Datum B - Inciined S 26.0000 +-0 :
2_1Profile: Inclined Surface _ (See Note 1 - 14142 og = +1-1.4142
I 3 |Datum Feature Shift +/- 0.0000
Part 2 ANG-5.2 A 4 inclined Surtace 15 Note 1) - 14142 oS 45 deg = +/-1.4142
5 |Datum Feature Shift Feature of Size
8 |Dim: Inclined - Datum B :
RESULTS:

1-ummnawﬂMbuhdedeﬂmuMb-\Ewd-mﬂ-mmmwmwdhabndanmsw.
m-amwmhwwmmwilma«mmgmimnmm
Z-ThoPmmwu»hDdurnF.dunawmcudoumlmnmthohmuSh&up.wnbmmmlan-hofDmmmme

Assumplions:

FIGURE 15.6 Tolerance Stackup report for simple assembly with inclined surfaces.




Chapter #15 Tolerance Stack-up with Trigonometry

Trigonometry for Converting Profile Tolerance

Profile Tolerance Zone boundaries

Neminal Inclined Surface

Profile Tolerance Vectors are
Normal to the Nominal Surface
(£ 1 Surface Normal Vectors)

Tolerance

Tolerance
Stackup Stackup
Direction Direction

2 Wide mﬁlev

Tolerance Zone

FIGURE 15.7 Profile Tolerance zone with surface normal vectors for part with
inclined surface.




Chapter #15 Tolerance Stack-up with Trigonometry

Trigonometry for Converting Profile Tolerance

Tg:ranco ; Tolerance
Direction Direction

Nominal
Surface

cos4ET=X =D Xz =
Note:

nominal surface.

Trigonometry for Converting the Profile Tolerance

X=14142

Profile Tolerance Vectors are normal (perpendicular) to the




Chapter #15 Tolerance Stack-up with Trigonometry

Direction of dimensions in the Tolerance Stack up.

&

- — = s e ——

= Distance A-B — =—— Distance A-B ——
- e } _L_ 5 :-"*f
% ) /7 Distance Distance /7//%,’5 1 %////é
NN Cf C;D NNEEINNN
- -
Nominal Assembly Assembly with Variation

In this Example, Datum Feature Shift
and Assembly Shift act in this Direction.




Chapter #15 Tolerance Stack-up with Trigonometry

Converting Angular Dimensions And Tolerances Using Trigonometry

@12+0.2
_\

b
20 £1 '—-"——-I \
2X @1225 +0.25

FIGURE 15.12 Part with Dimension and Tolerance at an angle.

Equal bilateral equivalent — 42.43 + 1.45




Chapter #15 Tolerance Stack-up with Trigonometry

Converting Angular Dimensions And Tolerances Using Trigonometry

Maximum Distance Minimum
to Here Distance
to Here \
Tolerance Zone 59 61
(Enlarged Detail)
» >

60 1
46°
45° & 1° ' [
X —) = Xmin T T = Xmax —
_ _ . Triangle Resulting in Triangle Resulting in
Ncr%l;::aming; ::rth Minimum Horizontal Distance Maximum Horizontal Distance
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Converting Angular Basic Dimension to Horizontal Equivalent

—_

@12 £ 0.2
& | @2[AlB[C

__E 10 L

€= / @12.25 + 0.25
j A
A
@1225 +0.25 B

& gdomm|A|B|C




Chapter #15 Tolerance Stack-up with Trigonometry

Converting Angular Basic Dimension to Horizontal Equivalent

-+ 60 /\
G B 60
45ﬂ
g 1 45°
-+- o + A
- — x _—
Equivalent Triangle

MNominal Calculations:

cos 45° = X/60

X=860 cos45°

X =4243

Equal bilateral equivalent = 42.43 + 1
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Chapter #15 Tolerance Stack-up with Trigonometry

Tolerance Stack up Units

e A Tolerance Stack up cannot combine units; that is, the summations done
in a Tolerance Stack up must be done using only one type of units:

1. linear units:
gap, distance, space, overlap, and displacement

2. angular units:
tilt, angle, rotation, and inclination

OMNEX
L
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Chapter #15 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

\ of Stackup
1° I

/L\
! '———14 tan 1° = yi1

y=tan 1°

Unit 1° Triangle y = 0.0175 = (Rounded Off)

T /\ h mreLm
-

Equivalent Triangle: 5X Size
Calculations:

tan 1" = w5

¥y= 5 tan1°
y= 0.0873—=— (Rounded Off)

FIGURE 15.17 Like triangles and resulting linear displacement along Tolerance
Stackup direction.




Chapter #15~ Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

|

Direction of Study

PLATE

/—BAI‘?

A

o | N

O

|
1
i
I
|
I

PINS

W( T
ARRIRERERERIiRiRZRixxxxxx \M\(\\

FIGURE 15.18 Rotation of parts: assembly, far apart.
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Chapter #15~ Tblerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Direction of Study
- - 4.000 £ 0.020 -
0.250 + 0.020~ 3.500 £ 0.020-
I |/ 2X @0.150 + 0.005
1.000 + 0.020 (PINS)
Lo ¥
1 -0 T
T |
—0.500 + 0.010
—0.500 = 0.030
—
f .
! m
- L
0188 n.ﬂuﬁJ
FIGURE 15.19 Rotation of parts: plate detail, far apart.
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Chapter #15~ Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

|

Direction of Study
- 4.250 + 0.020 =
0.375 + 0.020—~ ~ 3.500 % 0.020 -
oozt
0.625 + 0.020 — 4$ —~ — ~ — - -
; /

0313+ umu—I _ 2X @0.200 £ 0.020 /

(HOLES)
l’ 0.188 £ 0.005

f Ly

FIGURE 15.20 Rotation of parts: bar detail, far apart.
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Chapter #15~ Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Direction of Study
I LMC HOLES AND PINS TRANSLATION
[00%0 , /_ |

N 5

FIGURE 15.21 Rotation of paris: worst-case assembly, translation only, far apart.
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Chapter #15A Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

|

Direction of Study

LMC HOLES AND PINS
/ ROTATION

5 i e
; @/ O
1 |
o =1.8934°

FIGURE 15.23 Rotation of parts: worst-case assembly, translation and rotation, far
apart.

r D.Dﬂ??ﬁ A
!
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Chapter #15 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Tolerance Stack Release 1.2a
Program Training Menual Exercises  Sladdniormation
Product Part Number  Rev Descnption Stack No: Bar and Plate Assembly - Far Apart
43-001 A Barand Plate Assembly. Holes and Pins Spaced Far Apart Date: 07/04/02
Revision A
Problent Need to Know the Mirsmum Distance Beween Points A & 8 in the Y Direction
Diredtion: XY Plane
Chjective: Determme the Minimum and M aximum Distance in the Y Direction: Transiation Only Author: BR Fischer
scription of Percent
onent/Assy  Pat Number Rev item Descri +0Dims  — Dims Tol Contrib _ Dim / Tol Source & Calcs
late 43-002 A ﬂmﬁpﬁﬁa_-gar 3 T Ce - Loveer Surface ; 1 * 0 [ 21% [1.000 % 00200n
2 m: Lower e - 5 * 0 10% 10500 £+ 0010en
3 |Assambly Shift (Mournting Hole - Plr_lslﬁ),q t 0.0375 38% |=[02+ 002\-(0.15—0.005)]/2
Bar 43003 | A | 4 oles - Lower : = 00100 7 1001=m§
J Dm: r - Surfacs 8250] £ 21% 5.525:53] on
Dimension Totals| 3 1.1250
minal Distance Pos S— Dims = 18
Min Max
00805 B
01388 | 0.23
(01144 | 02618 ]
FIGURE 15.22 Rotation of parts: Tolerance Stackup report, translation only, far apart.




Chapter #15' Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

4020 |
(OAL Doesn't Contribute to Rotation As Shown)
u.gfau | t /X 20145 |
(Smallest) O— | 0 :
0.510 g 0.490
(Largest) (Smallest)
0.270 _ 3.480
(Largest) ' (Smallest: Pins Closest Together)

Plate: Worst-Case Dimensions for Rotational Shift




Chapter #157 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

- 4.270
l ~ (OAL: Largest) i
0645 | Y~ 2X @0.220 1 |
(Largest) — —
0.303 | 0523
(Smallest) (Largesd
: E:gﬁ g S 3.480
rgest) (Smallest: Holes Closest Together)

Bar: Worst-Case Dimensions for Rotational Shift




Chapter #15 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Tolerance Stack Release 1 2a
rogram Training M anual Exercises Stack Information;
Product: Part Nurmber  Rev Descagtion Stack No: Bar and Plate Assemtly - Far Apart
43001 A Barand l5Iste Assembly: Holes and Fins Spaced Far Apart Date: 07/04/02
Revison A
Problem Need to Know the Minimum Distance Between Puoints A & B in the Y Direction
Direction: XY Plane
Objective: Determine the Minimum and Maximum Distance n the Y Direction: Transiation and Rotation Author. BR Fischer
[Bescrption of Percert
Component/Assy  PatNumber Rev Item Description +Dims = Dims Tol Contrib  Dim / Tol Source & Cslcs
43-002 A 1 : Upper Surface - Lower Surface 1.0000] | - 6% _ ]1.000 * 020 on
2 |Oim: Lower Edge - CL Pins 05000 + 0.0000 0% 0.500* 010 on %
- 3 |Rotational Assy Shift: Rot'n About (Mtg Holew Pinsgyuc) f 2 3
[Bar 43.003 A 4 3 OIS - LOWET £ — 03128 T 0. } 1 :
5_|Oim TECgS - urface ~ 082 * 0
Omension Totals 1 1.1247
_Neminal Distance: Pos Dims—Neg Dims =]~ 0.1082
om_ Tol Min Max
RESULTS: | * 0.1105 00776 | O

£ 0.0760 0.1

1682 _|
687 |+ 01140 0.0,




Chapter #15 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Worst-Case rotation occurs when the holes and pins are at the extreme
locations discussed in step 1. Their worst-case center-to-center distance
(d1} lies along the hypotenuse of the triangles below.

Use the Pythagorean Theorem to calculate center-to-center distance d;:

d.] f/ (Horizontal Distance x1}2 + (Vertical Distance y,l}z

= 3.48005747
-- Center RH Hole
¥q= 0.02 \
[- ; o K.l =3.48 \
. r — | __
ﬂ1j -::i‘1 = 3.48005747 -
Center LH Hole

Triangle 1: Worst-case Center-to-Center Distance Between Holes




Chapter #157 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

_ Center LH Pin
yq=0.02 /_

+ 7 d, = 3.48005747 -

f u1j -'- . Xq =348 - ~ /:

!
Center RH Pin /

Triangle 2: Worst-case Center-to-Center Distance Between Pins

FIGURE 15.26 Rotation of parts: center-to-center distance, far apart.
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Chapter #157 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Solve for ai:  tan oy = %%2. — oy = 0.3283°

¥q= 0.02
17 ‘ - Xy = 3.48

Worst-case Angle from the % Location Tolerances on the Holes

yq = 0.02
Jw d'l'= 3.48005747
i_ —————— = e
I l i,
u.,i = 0.3293°

Worst-case Angle from the + Location Tolerances on the Pins




Chapter #157 Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Solve for Oq: Oy = m,i + c-:,l' = 0.3293° + 0.3293° =(0.6586°

nr..i = (0.3293°
1

'

mi =0.3293"
0y = 0.6586°
Worst-case Angle from the # Location Tolerances on Holes and Pins

FIGURE 15.27 Rotation of parts: worst-case angle from + location tolerances, far
apart.

OMNEX
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Chapter #15' Tolerance Stack-up with Trigonometry

Rotation Of Parts Within A Linear Tolerance Stack up

Solve for Worst-case Angle from Assembly Shift a.;:

Given:

r, = largest hole radius = '-299'5—“20 = % = 11

- . _ .150-.005 _ 145 _
= smallest pin radius = —m—z— 5 0725

271 :
and the smallest (LMC) pin

-1

u2=23m

11-.0725 | _
3.48005747

1.2348°

d, = center-to-center distance = 3.48005747 (from Step 1)

= the radial clearance between the largest hole (LMC)

This is the total angle of rotation.

o = o + og = 0.6586° + 1.2348° = 1.8934°

OMNEX

M
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Chapter #15~ Tolerance Stack-up with Trigonometry

Rotation With Part Features Closer Together

Calculate the Projected Linear Displacement:

a = 1.8934° (Angle of Rotation)

d, = 427 (Longest Bar)
¥o = Projected Linear Displacement
Solve for Yo'

Yo = dysina = 4.27 sin 1.8934°
yp = 1411
+ Equivalent: .1411/2 = 0706

Upper LH Corner of Bar

J d, =4.27 J

.

L o = 1.8934° Upper RH\

Corner of Bar

N

FIGURE 15.29 Rotation of parts: projected linear displacement, far apart.




Chapter #15A Tolerance Stack-up with Trigonometry

Rotation With Part Features Closer Together

Directiuntnf Study
PART 1 PART 2
! Vaiils
7/
B | |
a o o 1
PINS
A, 7
KR TS
FIGURE 15.30 Rotation of parts: assembly, close together.




Chapter #15~ Tolerance Stack-up with Trigonometry

Rotation With Part Features Closer Together

- 4.000 + 0.020

—-—1375+ 0.020—=| 1.250£0.020 |=—

1.000 £ 0.020 _49_ L _$_
\

K— 2X@0.150 = 0.005
—0.500 £ 0.010 (PINS)

|

—(0.500 £+ 0.030

LJ.‘I 88 = 0.005

FiGure 15.31 Rotation of parts: plate detail, close together.




Chapter #157 Tolerance Stack-up with Trigonometry

Rotation With Part Features Closer Together

- 4.250 +0.020 ——
~—— 1.500 £ 0.020—|~—1.250 + 0.020—

f
sezovomo ] b &
i | \
0313+ ::1.[:110—r \— 2X@0.200 + 0.020

(HOLES)

0.188 £ 0.005 —I

FIGURE 15.32 Rotation of parts: bar detail, close together.

P —
T—— e
— —

|— —
—_— e e
—
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Chapter #15' Tolerance Stack-up with Trigonometry

Rotation With Part Features Closer Together

Direction of Study

|

0.0499 INTERFERENCE]
l_ /— LMC HOLES AND PINS

ROTATION

FIGURE 15.35 Rotation of parts: worst-

case assembly translation i
close together. Y and rotation,

OMNEX

M



Chapter #15' Tolerance Stack-up with Trigonometry

Rotation With Part Features Closer Together

Tolerance Stack Felessa 1.2a
[Frogram: " Traming Manual EXerases o normatior
Product Part Mumber  Rev Daccrigtion Stack No: Bar and Plate Asserribly - Close Together
#4001 A Oar anE F Mﬂm. Holes and Fins Close fngemer Daite: OFioamz
l Revision &
Problem Mizd to Know the Minrum Distance Between Ponts A & B in the ¥ Cerection
Direction: XY Plane
b echive: Determing the Minimurm and M aximurn Distance in the ¥ Cirection: Translation and Ratation Authar BR Fischer
Descripion of ~ Percant
Comgonent! Assy  Part Mumber  Rev  |tem Diascription *+0ims = Dims Tol Contrib  Clir J Tal Source & Calcs
Plate %4007 A _| T TOim: Dpper Surface - Lower Surface T 0000f * 00200 B% 1000 = noehon
im: Lower - iE3 GUan 1__ % + 0010 on
3 |Rotational Assy Shift: Rotation About (Mbg Holes, y, - Pins, ) 1 7 + 01933 H3%
&= N B 83 . — E
5 : Loveer oF Surface
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Chapter #16 Advanced Tolerance Stack-up
Advanced Tolerance Stack up Cases

* seven Tolerance Stack up examples based on: mainly GD&T tolerancing and Plus/
minus tolerances for FOS.

 Assembly: ground plate is mounted inside an enclosure.

* three optional drawings for the ground plate and three corresponding
optional drawings for the enclosure, labeled Options 1,2, and 3.

* Option 1 ground plate is to be used with the Option 1 enclosure,
* Option 2 ground plate is to be used with the Option 2 enclosure,

* Option 3 ground plate is to be used with the Option 3 enclosure.

OMNEX
I——

Copyright 2018 Omnex, Inc. All Rights Reserved. 281
WWW.OMNEX.COM



Chapter #16 Advanced Tolerance Stack-up

Advanced Tolerance Stack up Cases

© © ©.
® o FIGURE 16.1
Enclosure
Y Axis
©® e O assembly for
X Axis 16—18.

-’ —~— Gap/ Enclosure Ground Plate / Fasteners

iy / -l/

VAP A i iV S A S A A A Z Axis

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\x\\

X Axis

OMNEX
—

oM
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Chapter #16 Advanced Tolerance Stack-up
Advanced Tolerance Stack up Cases

[60} [60} - 0.5
u a1]AlB[C]
T FIGURE 16.2

—_
J

i
Q)
|
|

Ground plate for
16—18: Option 1

M
Ry

|

|

Y
N

™y
vy
|
|

@J \—SX 5.4 £0.15

— =6l [4[20.65|A[B[C]

[153]

L|1A[B




Chapter #16 Advanced Tolerance Stack-up

Advanced Tolerance Stack up Cases

105 [60] {60}
[1]A[B@
8 Reliake FIGURE 16.3
£ T YT Ground plate for
s | | 16—18: Option 2.
“P — — — — ? [73]
128.5] I I I 6]
: e an— —ea—/—E.
\—BXFZ5=O.15 '
B~ |-  [®]2045]A] [}~ (-




Chapter #16 Advanced Tolerance Stack-up

Advanced Tolerance Stack up Cases

BX E6+02
|- & |@045@[A[B[C]| =SNREE

~= 60
FIGURE 16.4
- . ——— ; Ground plate for
[303] | | | 16—18: Option 3.
O ~ - - — 73]
[30-] [ | |
Y ~ — P — —4 —[@

—
F4.5+0.1 ;2:#.5:&.1—/ A‘ I

L |_l@o2]A || 20.2|A|B| 5
ﬁ

L o




_ Chapter #16 Advanced Tolerance Stack-up
Advanced Tolerance Stack up Cases

-~ 0 159
ialﬂa]smi YQIﬂAlBlCl
N T e FIGURE 16.5
@'@ 4;*" - T = - | Enclosure for 16—
J. ]_€4 . A
A I - _H_ oy 18: Option 1.
0.5] ] | |
) |
l / I |
g g Bloes0@ssAE || LA
AEI MINOR @ E
{158}
[i64}
. S[[AE
- : -
] =
4
& \\'\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\
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Advanced Tolerance Stack up Cases

{60} . (60} 10.5
es =Y i ENEIT)
L
30.5 I I |
4
S S — - Hél ma
EUE I I I
1 | ]
. w—
Caxm
d : 4‘ :
B [ MINOR &
{158}
[i64]
([2][A B [ £7|0.8]
8.5=1
TYP |
/ =
J |
T_
k \\\\\\\\\\\\\\\\\\\K\\\\'\\\\\K

FIGURE 16.6
Enclosure for 16—
18: Option 2.
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Advanced Tolerance Stack up Cases

h

B Y \\\\\\\\&

f

[]204@@35[A[B]C| 1] A[B]c]
MINOR @
(60]— - 60 |
/ | s
=] |
[503] ! | i o
78]
-t T e
[305] | I |
| I : ] |
o — &
Lma _ Ma—
[}~ |— |_L|iuzsu.2®@_3.5[a—| ¢ 202@®35]AB]
BB |- o MINOR & MINOR @
-
—{iea-
e £7]0.8] O [2]A[B[c]
J‘ TYP | |
./ - @

FIGURE 16.7 Enclosure
for 16- 18: Option 3.
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Advanced Tolerance Stack up Cases

Fasteners /Gwar /Emund Plate

m

S F T FFITF T AT T FFFFTFTEFEEFE

N

o B \:\\

Cover Broken
Away for Clarity

Enclosure

The Cover must fit within the Enclosure and it must not
contact the fasteners.

FiGURE 16.8 Enclosure assembly with cover.
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Advanced Tolerance Stack up Cases

[ - _ I. |
= 3 T
Ejjj: FIGURE 16.9 Cover
% for 16-18.
/GHEMAJEI-:[
[84
i,
— -




Chapter #16 Advanced Tolerance Stack-up

Example 6.1. Screw Thread Depth Tolerance Stack up: Option 1
Determine if the M4 screws bottom out in the threaded holes.

//W Example 6.1. Screw Thread Depth
L \ Tolerance Stack up
é&?/%i——la \ Determine if the M4 screws bottom
v NAR /J out in the threaded holes.
Bt \\ N
Gap:-B ‘a\m‘\% Stackup Direction Extra data:
e M4washer thickness = 1.2 £ 0.1.
/Fasteners e M4 x 8 socket head Cap screw
V4 < length =8 + 0.2 (from vendor drawing).
%\‘9} S 59/51 Length is from bottom of head to end
i\\\ o ey o S N \\\\\\\\\l\ Of SCTEW.

Enclosure

Enclosure Assembly with Cover: Does Screw
Bottom Out Before Seating?

FIGURE 16.10 Example 16.1: Screw thread depth.

OMNEX
2
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Chapter #16 Advanced Tolerance Stack-up

Examp-le 6.1. Screw Thread Depth Tolerance Stack up: Option 1

’f%" G /A II I AT IA W
W= N - - -

'_.d_

&N
& o i N T, St 0 Direction

Enclosure Assembly with Cover 1
Screw Engagement vs. Thread Depth
Chain of Dimensions and Tolerances

Enciosure

FIGURE 16.12 Tolerance Stackup sketch for Example 16.1.




Chapter #16 Advanced Tolerance Stack-up
Example 6.1. Screw Thread Depth Tolerance Stack up: Option 1

Tolerance Stack
Release 1.2a
ging Program AV-11
Staci Information;
Product: Nurn Rev
12345678-001 A Plate Enclosure Assembly gguo: ?W.mnz e
Screws Must Not Bottom Out In Tapped Holes Revision A
Direction: Z Axs
Dncrudonc;l
Part Number Rev item D Percent
Enciosure 12345678002 *q—__.L Contrib_ Dim / Tol Source & Calcs
Plale 12345678-004 A -~ +/- 1,0000 56% [6.5+-10nDwg
M4 Washer */- 0.5000 28% |3 +/-0.5 on Dwg
— 201000 | 1.2 +/- 0.1 {m Machinery's Hibk Zard EG__
_%m_%_om_ 8 +/-0.2 fm Veador Dwg
Nom Tol Mi
RESULTS — A S e R T Y
.7000 | +/. 402 1. 3,
1.5°RSS| 2.7000 | +/- 1.7103 0807 | 4.
Notes:

m-wmePh.w1h’mm.

FIGURE 16.11 Tolerance Stackup report for Example 16.1.
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| Example 16.2. Cover Fit Tolerance Stack up Along X Axis: Option 2
Determine if the cover fits within the enclosure along X axis.

Stackup Direction,

- (158) -
Cover

7k

\ \\\xga\\\'xx&xuxax&xaxmxax&x&xx_&

Enclosure

Does Cover Fit within Enclosure?

FIGURE 16.13 Example 16.2: Cover fit stack, along X axis.
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Example 16.2. Cover Fit Tolerance Stack up Along X Axis : Option 2

Release 1.7a

Slaclke irfomalio

Stack Mo; Exaple 16.2
Dats: o7z
Rewvision A

Dirsctiont X Ay

Author__BR Rscher

2 Wide
Tol Zone
(Enclosure)

t

74 N

e, L T L U \%

Enclosure Assembly with Cover
Enclosure Top Surface and
Covar Tilted

Endiesure Top Surfsce with
M= Tiit within Tolerance Zone
{Caver M ating Surfacs)

2 Wide Top Surface

r Tolerance Zana
iMat to Scale)
t

1 Wide

Enclosure Assembly with Cover I wall /.r I 1 Wide

Ghain of Dimensions and Tolerances Tolerance Zone ™1 77 - 2 |o- Inside Vs
Mot to Scale) Tolersnce Zona

Apparent Cpaning for (Mot 1o Scale)

..{ sover Foresharened
on Both Sldes
{Mormal fo Mating Prans) |

Enclasune Assembly with Cover
Trig Effect
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Example 16.2. Cover Fit Tolerance Stack up Along X Axis : Option 2

X = 158 Basic - 2 E@fe1) = 157 (Shortest)

oL

Top Surface of Enclosure 2

(Maximum TIi)
tan ¢ = —&7
Triangle 1

Cover Surfaces
Foliow Enclosure
Top Surface o

¥ = 5.76 Basic + 2 CYe1) = 6.25 (Largest)

K'F l:lni:nr.-—a—mziﬁ
Triangle 2
Like Tri
Solve For X';
&5 = x - 2589 - oome
Trig Effect:

Foreshortening of apparent cover opening In enclosure = 0.0798
(Line ltem 6 in Report)

Like Triangles: Cover Fit Telerance Stackup
‘l'rg}gmmnh'y. Along X Axis

FIGURE 16.16 Tolerance Stackup calculations for Example 16.2.




Chapter #16 Advanced Tolerance Stack-up

Example 16.2. Cover Fit Tolerance Stack up Along X Axis : Option 2

Tolarance Stack Release 1.2a
Frogram: Elacironics Packapging Program AN-11 Stack inonmetion:
Product Part Mumbar  Rev Daescription Stack Mo Example 16-2
12345878-0001 A Ground Plake Enclosure Agsembly Diakac 070402
Ravision A
Problem: Covar hiust Fit into the Enclogana
Dirsctios; X Asig
Dalerming if the Largesl Cover Fits Inside the Enclosure Along the X Axis Author.  BR Fischar
Descriplion of Perca
Componant f Assy  Part Numbar___Rov e Dascipfion *Dims  -Dims Tol Conirb  [Hm f Tol Source & Cales
Enclswa 12348678002 A 1 |Profile: LH Inside Surface +/= 0 GO0 7% |Profile 1, A, Bmi
2 |Datwn Featurg Shift +i- 0.0000 0% |WiA- Sim Reqls
3 |Dém: LH inslde Surtace - RH inside Swrface of Enclosure 1E8.0000 4= 0.0000 0% 155 Basic on Dwg
4 |Profile; RH Inside Surface +- 0.5000 Z7%__|Profis 1, A.Bm
5 |Oetum Festure Shift - QLUOO00 [
8 |Trig Efest of Angle Beb Top Surlace and Sides of Enclosura Q.030E] +/- 0.0308 2% = {37625} [L ENIeE
Cowar 123anETe-00d | A I _[Profile: RH Surlace +/- 0.4000 i 0.8, s
& _|Datumn Feature Shift - G000 0% |MJA - DF, not a Featurs of Size
8 |0irm: BH Surface - LH Suface of Cover 1E6.6000] +/- 0.0000 0% |165.5 Basic on Dwg
10 _[Profile: LH Suface +. 04000 22% rofila 0.8, A
11 |Datum Featans Shil +I- 0,0000 D% [N/ - DF, nat a Fealue of Stz & Sim Reqts
I—nmﬂﬁls 1580000 1566.5360
MNominal Dislance: - Meg Dims =| __ 9.AB02|
Hom Tal Min bhax
RESULTS: mats Skac 2 +j= 1 B08 [T A_A000
R28)] 24802 | /- 00084 1.5528 | 3.3688
Adiusted Statislical: 1.8*R55] 24602 | +/- 13586 17008 | 3.8198

Mgies: - lam & *Trig Effect..” |s mcluded becauss the top suriaca of the Enclosura (which the Cover s#s on) s not tha Dalum Featuna for the insids surfaces. Both ane miated to Daturm Fealure A, which is the
Ground Flate mounting surface. Conseguantly, the fop and the inelde surfaces can B ralative to each olhar, fareshanening the apparent width that the Cover s mio, bacause the Cover will arenl Lo
tha top surfacs of ihe Enclosur. The angle s prolected over tha rmaximum helght of the vertical surfaces of the Cover, which is 6.25mm - this represants the worst-case
- Thea angle betwesn fhe top suface and the inside sudaces may only decreass the width of the opening - # cannol increase tha width of the opening. Therafore a Measn St of 12 the forashoraning vakse
st be included i the negafive colurrm on the same ling s the lrig effect. The foreshonening value is dividad by 2, giving the correst minimum and masimum lmits dus io foreshorbening,
- Distum Festure Shift on Line & doos not contribute 1o the Tolerance Stackup because 1he Proflle Tolerance ks specified all-around for the Encloswe opaning. Bolh the Left and Right Surfaces are (o
b inspacied at the same time (in the same esiup), as they are controlled by the same folerance. Consaguently the Dalum Fealure Shift does not sfisct the possible distance between thasa suraces.

Assumplions: - Used Enclosure Option 2 for this sludy,

Sugpested Action:
Mone. Ewven with tha lareshorbening of the apening thess ks slill ~008 dearance bebwaean the Cover and the Enclosure.

FIGURE 16.14 Tolerance Stackup report for Example 16.2.

OMNEX
2
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Chapter #16 Advanced Tolerance Stack-up

Example 16.3. Cover Fit Tolerance Stack up Along the Y Axis: : Option 2
Determine if the cover fits within the enclosure along Y axis.

—

Stackup Direction

- (78) -

AR
&-\x\\_v\v\vﬁ k \Enclosure

Does Cover Fit within Enclosure?

Cover

FIGURE 16.17 Example 16.3: Cover fit stack, along Y axis.
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Chapter #16 Advanced Tolerance Stack-up
Example 16.3. Cover Fit Tolerance Stack up Along the Y Axis: : Option 2

: Cover
2 Wide T
Tol Zone 4 '
Profil {Enclosure)
{Enclosure) \ RGRRRRRRe
Gap A-Beelfa— o TrigEffect ® |
Oosure
e Enc
(Cover) ' '
Profil .
DF s@ Enclosure Assembly with Cover
Cover @‘ & (Cover) Enclosure Top Surface and
N\ Cover Tilted
A
Enclosure .
Enclosure Top Surface with
Max Tilf within Tolerance Zone
(Cover Mating Surface) :
2 Wide Top Surface
Stackup Direction: r Tolerance Zone
Y Axis : (Not {0 Scale)
Enclosure Assembly with Cover | 1;“%3" : l 1 Wide
Chain of Dimensions and Tolerances nside e i
' Tolrance zone™| 2= 31 1 b Toleramee Zone
Apparent Opening for (Not fo Scale)
Cover Foreshortened
1 on Both Sides =
{Normal fo Mating Plane)
Enclosure Assembly with Cover
OMNEX e
[ . - 299
d Copyright 2018 Omnex, Inc. All Rights Reserved.
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Chapter #16 Advanced Tolerance Stack-up

Example 16.3. Cover Fit Tolerance Stack up Along the Y Axis: : Option 2

X = 78 Basic- 2 (P& ) = 77 (Shortest)

Top Surface of Enclosura 2
(Meximum TIL)
tan oo = -;7
Triangle 1

Cover Surfaces
Follow Enclosure
Top Surface o

Y' = 5.75 Basic + 2 E=e1) = §.25 (Largest)

X tana = —3%-5
Triangle 2

Like Triangles:
Solve For X'
=% = x =288 -o1623
Trig Effect:
Foreshortening of apparent cover opening in enclosure = 0.1623
{Line ltem 6 in Report) '




Chapter #16 Advanced Tolerance Stack-up
Example 16.3. Cover Fit Tolerance Stack up Along the Y Axis: : Option 2

Release 1.28 |
Program: Electronics Packaging Program AV-11 Stack Information:
Product Part Number  Rev Stack No: Examgle 16-3
12345678-001 A Ground Piate Enclosure Assembly Date: 07/04/02
Problem: Cover Must Fit into the Enclosure
Objective: D .ulhuECMFhlnﬁohBMM|mYAm
Description of
EOa_npumlAuy Part Number _Rev Mem Description + Dims
nclosure 12345678002 | A | 1 [Profile: LH Inside Surface
2_|Datum Feature Shift
3 10wm: LH Inside Surface - RH Inside Suriace of Enclogyre 153.0000]
4
[ m F Shift
6 _|T
Cover 12346678003 | A | 7 Su
8 |Datum Faature Shift
9 |Dimc RH “LH
10 g +/- 0.4000 21 08.A
11 |Daturn Feature Shift +/- 0.0000 0% N/A - DF . not a Feature of Size & Sim Reqts

Dimension Totals| 158, 1555812
Nominal Distance: Dims - Dims = 24188

. Tol Min Max
RESULTS: Arith ‘orst Case)| 24188 [+/- 18812 | 06377 | 4.3000
ﬁ% V;E(Rssil 4188 | +/-0.0082 | 16007 | 2
Adjusted Statistical: 1.5° 4188 | +/-1.3638 | 1.

him)

W

um-ume'rngM...'ummmumupme.othammnmwwuwmommmmmm Both are related to Datum Feature A, which is the
Ground Plate mounting surface. Consequently, the top and the inside surfaces can tilt relative to each other, foreshoriening the apparent width that the Cover fits into, because the Cover will crent to
the top surface of the Enclosure. mm-wwumwaummaum.mnm-mwuworm:nm
~mmmnwmmmmmmqmmmmdmm-ummmmmmm. Therefore a Mean Shift of 1/2 the foreshortening value
must be incluged in the negative column on the same line as the trig effect. The foreshortening value is divided by 2, giving the correct msnemum and maximum imits due 1o foreshortening.
- Datum Feature Shift on Line 5 does not contribute to the Tolerance Stackuy

LN COMroned

P

because the Profile Tolerance is specified all-around for the Enclosure opening. Both the Left and Right Surfaces are 1o

rance onsequently the afiecling p

i 1 ole datum Feature Shift does XS Sk

um-u.oﬁmmoumzt?mum.

Suaqested Action;
None. Even with the foreshortening of the opening there is still ~0.5 clearance between the Caver and the Enclosure.
Notice that the Trig Effect is line 6 is greater in Y direction than in the X direction. This is because the 2mm Profile lolerance applies along a shorter distance n this direction,

FIGURE 16.18 Tolerance Stackup report for Example 16.3.
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Chapter #16 Advanced Tolerance Stack-up

Example 16.4. Screw Head Clearance Tolerance Stack up: Option 1
Determine if the cover contacts the M4 screw heads.

1/%]‘

L

Gap A - E:l f_ t}
G i
\ NE % ] Extra data:
N e M4 washer thickness = 1.2 £ 0.1.
\‘*-&r N Stackup Direction e M4 x 8 screw head height = 4/3.82
Fasteners Cover

.\5-
-"J'-f-’f..f..ff..l"ff!f..lIfffff!!!..l’f.r.p" E

:\xxx\xxhx e o o o o x\\;\\.\x\\x\\&_

Enclosure




Chapter #16 Advanced Tolerance Stack-up

Examplz 16.4. Screw Head Clearance Tolerance Stack up: Option 1

GapA-B ] I r3=ﬂ.5{%}
‘,-
\ |
1\
- Profile Edge(®)
DF Shift
(Enclosure)
Profile Edge(T)
DF Shift(2)
Cover [(Cover)
Fasteners
'y
Staclup Direction
Enclosure Enclosed Assembly with Cover
Screw Head Clearance
Chain of Dimensions and Tolerances
FIGURE 16.23 Tolerance Stackup sketch for Example 16.4.
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Example 16.4. Screw Head Clearance Tolerance Stack up: Option 1

A RElEase 133
Programc Electronics Packagng Frogram Av-11 Slackiformation
|Product Fat Number  Rev Descripion Stack o Example 16.4
1Z345676-001 A Ground PIEE ENCasune ASSEmiy Date: 07040z
REviSlcn A
Problem; Coréer Must Mot Contact Heads of Sorews
Directon, I Axis
Cih g ELEmINg If the Cover Hits the Sgrews ALt BR Fischar
Diesciption of Percent
Companent f Assy  Part Number  Rev  Item Diescripton =+ Dims = Dima Taol Contlo  Dim f Tol Sgurce & Calcs
(CovEr 12845676-005 | A | 1 |Profke Bobiom Surece + 05000 Zah_[Froile 1,4
2  |Dabum Feature Shift + 0.0000 % Ni& - DF 5 not 3 Festure of Size
3 j0im; Boom SuErace - OFy, 6.7500] + 0.0000 [t .75 Basic on Owg
mElosurs 12945670002 | A | 4 [Profle; Top Burlsce + 10000 45% |Profle 3 A Bm
G |Diatum Feabume Snift (DFs guac - DFSg) /2 + 0.0000 0%  |Mi&- DFy Sniftls pemendcular o Stack - Mo Effect
6 |0im: Top Sutace - DF, 15 0000 + 0.0000 i 156 Baslc on Dwp
[Craund i 120456 0008 | & | 7 |oWm: Bolom Guiscs - Top suriacs SO0m| T 00 | @9 |3 T 06 onlwg
4 Washer 8 __|Cim: Boliom Sufsce - Top 5 1.2000) &+ 01000 1.2 & 0.1 frm Machinenss H 2
SHCS ] !I:llm: Boliom Suface - Top gun‘sne 3.0100] + 0.0e00 2% B2 - 4 i Machineny's Ed,
1 Dimension Totals]  15.0000 :
|__Mominsl Distance Pos Dims - Keg Dlms = )
Mam Tl Min Man
REEULTE: Arthmatic Stack (Worst Case)] 11400 [ + 21800 -1.0500 | 3.3300
_ Et!ﬂaﬂﬁ%ﬂ_ﬂﬁ] 10800 | £ 1991 | 00921 | a3
Adjisted Statisbeat 1.57RES]  1.1400 + 1.B482 -0, 82 | 2.9882
Jotes;
Asgum plions: - Used Enclosure Cption 1 for this study.
Suggaziag AClon;
= Decrease Profile tolerance on Tog Burface of Enciosure to 0,75
= Or Increase basic 15 dimension (DF, i Top Surface of Enclosure) & 1675 basic on Endosure.
FIGURE 16.22 Tolerance Stackup report for Example 16.4.
Copyright 2018 Omney, Inc. All Rights Reserved. 304
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Chapter #16 Advanced Tolerance Stack-up

Example 16.5. Ground Plate to Enclosure Gap Study: Option 1 Parts
Determine if the ground plate contacts the inside walls of the enclosure.

GapA-B
, A
[@ © P8
Extra data:
© e M4 tapped hole Dims:
Minor diameter=3.242-3.422.
® @) p * M4 x 8 socket head cap screw
* . Dims:
\_ \_ Major diameter 3.82-4.
Enclosure Ground Plate Stackup Direction
1
Option 1 Parts: What is the Minimum Gap
Between the Ground Plate and the Enclosure?
FiIGURE 16.24 Example 16.5: Ground plate to enclosure gap, Option 1.




Chapter #16 Advanced Tolerance Stack-up

Example 16.5. Ground Plate to Enclosure Gap Study: Option 1 Parts

() Profile Edge Profile Ed
(Z)DF Shift DF Shitt @? @
{Endiosure) (Ground Plate}
Ground Plate //— Enclosure — Gap A-B 0.23 interference -
/ Worst-Case
L - = -y
T [@) ] . i I (B ! PYaleloteteleletele %! _F foterances
RS @ @, 3 ! tePetatotot o tatateteta s
| i - SRR
\-‘:;) | | GE{ZIEI SRR

(gl @ @) Ground Plate
; . | Shifted Up
i ]

b e O p— &
- . P B
@ Pasition ©5.4 Holes (3} a2 (6}
Bonus Tolerance
Position M4 Holes DF Shift (7 ® Datum Features B & C are Surfaces.
@ Bunu‘:gdaranca (Ground Plate) Stackup Direction Worst.Cos
OF Shift ™~ orst-Case Results
{Enciosure) Assy Shift 1 Option 1
Enclosure Assy

Chain of Dimensions and Tolerances
Option 1
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Chapter #16 Advanced Tolerance Stack-up

Example 16.5. Ground Plate to Enclosure Gap Study: Option 1 Parts

Tolerance Stack

Release 1 2a
[Frogam: Electronics Fackaping Program AVl SLEck Inommaiion.
P noduct P Umibesr ey Des Stack Mo Exemple 16,5
12346678-001 A Ground Plate Enclosure Assambly Cpion 1w Suraces &5 Datum Feaures B & Date nF ]
P o e Edges of Grouid Plate must not Touch Walls of Enclousme asion A

! Direction: ¥ Axls
On|ectiver Diptian 1. Determing i Ground Flate Contecs Enclosure Walks Author,  BR Flscher
Description of Percent
Componert & As Fart Humber  Rey e Description + Dims - Dims Tol Con¥ib D ¢ Tol Sowree & Caks
Encloaune fFETE] I

GT8-000 | A 1 8: Edge Aong FLA + D50 1 mile 1 KB,
] Ehum Fi £ npoon 0% i = Cia Faature: reg of
3 Im: E0qe of Enclosuws - Dt 5 Fi7] |:|:||I|l + 0 0% 5 Basle on Dywg
A _ |Dien: Datum 8 - CL W4 Holes B.5000] = 00000 0% |86 Baskc on Dwy
5_|Poshion Wi Hodes 2 0. i [Posiiion dia 0.6 @ MMC A B ¢
E |8 Ta CE = (0900 g% |=(3.470- 5 24313 .
T |Datun Festhure St # 0.0000 [ T Festures not Festures of Sire
iGround Plaba 1234587 5-Did A B |Assembly Srit [Mounting Holies, II'F l!ﬂ" 2 =+ 06650 2% = [{5.4 +0.15) - 3 82)2
3 |Position: Dia 5.4 20 15H + 03250 12% _ |Fosdon oz 0 65 % MMC A
10|80 rance + [.1500 % f=00.18 + 0,152
11_|Daburmn Peashine St = 00000 [ MG - Distum Features rof Festures of Ske
12 J0im: CL Ofa 5.4 Holes - Daum B §.0000{ + 00000 0% |6 Easic an
13 10im; Dby 8 - Bt of Ground Piate J13.0000) =+ [ooao E 73 Basic on Dwn
14 Inmetgggﬂmptg = (000 18% IPmofile 1.5 8,C
15 |Dabim Feature Shil: * Q0000 0% [N - Disturn Pesfure 8 rol Fegtures of Sie
Erimeon Ti [__64.0000)| 1500
H 1 Dams- - Fl
Mom Tol Win Mo
REBULTS: I B 2.5000 + 3 -0 5.2
Stakistic 1] 2. 2 12143 12857 | 37143
Adjusted Statistical 1 S*REs| 2 5000 = 18214 0 8706 43214 -

Haotes: - M4 Screw Dimansions: Maar Oia; 47362 - Wa Tapped Hole Dimensions: Minor Dix 3 42273 242

- Uised Wi & Max M4 Tapped Hole Minoe Dlamaters to Calculata Borus Tolerance on Line & because the Positioral Talerance Applies to the Minor Dismeter,
= Wised smallest screw major diain Asgemisly ST Caiculaions on line 4,
- The postional tolerances an the clearance holes and the ke noles are lamer because

q E ha 3 A L

- Alhaugh mreads an typlcally assimbed to e self centenng, the Positions! Telermnce spplies to the hMinor Diameter of the M4 holes. Use the min/max Miror Dia to calcusate the Banus Taerance an line &,

- May wart in holes as locsiors |nstead of edpges. SeeExamples 16.8 end 16.7.

FIGURE 16.25 Tolerance Stackup report for Example 16.5.
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Chapter #16 Advanced Tolerance Stack-up

Example 16.6. Ground Plate to Enclosure Gap Study: Option 2
Determine if the ground plate contacts the inside walls of the enclosure.

GapA-B
A
[© @ A
© Extra data:
© e M4 tapped hole Dims:
_ Minor diameter=3.242-3.422.
© © @ / e M4 x 8 socket head cap screw
s ; Ce
\_ ) \_ Dims:
Enclosure Ground Plate Stackup Direction Major diameter 3.82-4.

Option 2 Parts: What is the Minimum Gap
Between the Ground Plate and the Enclosure?

FIGURE 16.27 Example 16.6: Ground plate to enclosure gap, Option 2.

OMNEX
—

oM



Chapter #16 Advanced Tolerance Stack-up

;Exam;Ie 16.6. Ground Plate to Enclosure Gap Study: Option 2

(2 Profile Edge Position M4 Holes (@) Profile Edge
(3 DF shift Bonus Tolerance (5) DF Shift
(Ground Plate) DF shift(® (Enclosure)
{Enclosure) Gap A-B
+ . ap A=
/—Hssy Shift(7)
A \‘ i .4 - l_/-‘A'
f © _@1 e 8
s’ntlnn DFBHoles M @ [6
Bonus Tolerance :
@ DOF smﬁt‘/ © ©
{Ground Plate} i :
[©N © ©
Stackup Direction

=
\ Enclosure \— Ground Plate

Enclosure Assy
Chain of Dimensions and Tolerances
Opticn 2

.

Enclosure Ground Plate Fastener Body
/ / 8 Places

S SIS
RIS 2%

( X/
5

v
(>

04.0,,:1.}0

X
&

._v
&

{3

50

A

TXX
o te
X

"
%
%

vy

D)
A

X8
oo
Ot

o

7
¥ >
NN Y

Worst-Case Results
Option 2

i
}

0.170 Clearance -
Worst-Case
Tolerances

Ground Plate
Shifted Up
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Chapter #16 Advanced Tolerance Stack-up
Example 16.6. Ground Plate to Enclosure Gap Study: Option 2

Release 1 2a
T Sackioonaion
Stack No: Example 16.6
Date:  07/0402
Revisian A
Directior Y Axls
Author _BR Fischer
~ Percent
item - Dins Tol Contb _Dim/ Tol Source & Caics
1 = 21% 1A Bm
2 + 02500 2% 3422 - (3.242 - D A) hiit within Minor Dia)
3 : of Erciosure - ] 8 + 0.0000 0% 5 Beskc o Dwg
4 |Postion: DF, M4 Hales + 0.0000 0% N/ (See Assumption #1)
U T = 0,0000 % (See Assumoton #1)
5 Feature Shit (D g e - DF 572 = 0.0000 0% [N/A - DF,, not a Feature of Size
round Piate 1224678004 | A | 7 JAssemily St (Mourting HOleSe - Fuc/2 = 0,6650 29% = [(6+0.16)-3.82)2
8 _|Position: DF, D 5 = 0.15 Holes
9 [Bonus
10_|Datumn Feature St \mc - DFSy
£
3
RESULTS: C ase = 4,
2 K
';'ig & )
— Hoem,

- M4 Screw Dimensions: Major Dia 4/3.82 - M4 Tapped Hole Dimersions: Minor Dia: 3422/3 242

- Used min and max screw thread minor da in Dawm Feature SHit Calkuatons on line 2.

-usdmwmwauhmmmnnnl

[ Asmumciny.

1 'mewouunn1mwmmmsmmmamaonmammunemmr-nmurenonnrununusucmp nor do the assaciated Bonus Tolerarces
This s because as the Secondery Datum Fealures maDannsmammru-mhm:mmﬁumnmnmmmnhmusm If the Datum Featuras
wnmammmmammmemuzm.mommrmewmmemnnmm-wmmunwnnmmm

- May want 1o use two holes as locators Instead of &8 exght. See Example 16,7,

(&
FIGURE 16.28 Tolerance Stackup report for Example 16.6.

—— e
Copyright 2018 Omnex, Inc. All Rights Reserved.
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Chapter #16 Advanced Tolerance Stack-up

Example 16.7. Ground Plate to Enclosure Gap Study: Option 3
Determine if the ground plate contacts the inside walls of the enclosure.

GapA-B
A
© © ©. -
Extra data:
© e M4 tapped hole Dims:
} Minor diameter=3.242-3.422.
| _ * M4 x 8 socket head cap screw
g 2 & Dims:
\_ \_ Major diameter 3.82-4.
Enclosure Ground Plate
Datum Feature B Datum Feature C
on Ground Flate on Ground Plate
& Enclosure & Enclosure
Stackup Direction
i Option 3 Parts: What is the Minimum Gap
Between the Ground Plate and the Enclosure?
FIGURE 16.30 Example 16.7: Ground plate to enclosure gap, Option 3.
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Ekample 16.7. Ground Plate to Enclosure Ga_p gtudy: Option 3

O O
+ {(Ground F'Iaa‘.e)\ / (Encliosure) @'3

GapA-B
. A

@ © o= T8

o | 1.

i L[| EoE@

; :

@ 5
1 -
! ; 305]G3
LY - LY
Orpworsrrmorc [ [\ ruporareesorc® - exonre \-cuns e
DF Shif Bonus Tolerance (31)
DF Shilt
Assy Shift
Enclosure Assy
Chain of Dimensions and Tolerances
Oplion 3

Enclosure Ground Plate Fastener Body
8 Places 1,110 Clearance

Worst-Case

- 4 Tolerances
030t stateletetet0t0l000 e  tetate e e e te 20 020 ls WT0 %
R EAHSLIEIIH SIS CSRREITRARAKS
B e N T S N Nt e
B e et e N e N e e N e e S Nt e
ototeteteteiotetotetatotasetereletasasaserets tots
S R SRR IR
eiesetetelelets G IERIRIRHRAITA L

o 25055
Ground Plate
: Shifted Up

Lower Left
Hole
Worst-Case Results

Option 3

Lower Right
Hole
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Chapter #16 Advanced Tolerance Stack-up
Example 16.7. Ground Plate to Enclosure Gap Study: Option 3

Stack Irformation.

Sack No.  Example 16,7
Dats: 0002
Revision A

Contrib  Dim / Tol Source & Caics

-{.-“ €
C s
Loc How - 8 [+ 30! +
B M4 Hae; Position: DF; M4 Hole = 0.0000
Tolerance F3 N/A (Sew £
£ Feature Shit = 00000 0% DA, - DF, not FOS: DF, Ref'd RFS
Ground Piate 12345670004 | A 2 WSM = 03500 28% -“4560.1)-8
10_Perpendicularty: DF, Hole; Postion: DF, Hole = 0.0000 0% [NiA (Ses Assumption #1)
nus =0 B 5 g
12 Faature Shim: - = 0.0000
- 0 =
4 Mid Hole - Basic Hell = 0.0000
= =0
3 Pt =0
Feature *
Dmension Totas] &9
. - o
o Mn
RESULTS: Stack 2.6000 £ 13900 1100 | 38200
EX X
o 1.2 =

= Used smallest screw major dia i Assembly Shitt Calcuations on line 9.

~ Md Screw Dimersions: Major Dix 4/382 - M4 Tapped Hole Dimensions: Minor Dia: 342243242

Tolerances.

wihin thelr Taerarce Zones, the Datum

1 mnmmmpmnm-wmumasmnmuymma
mum-ns;mmwmmmm:mnm

&C mmmmmmmmmmmnrmw-mmwm
MMnhmmmumnnmnmmumeew

Frame

and &l related features would be biased In the same drection

FIGURE 16.31 Tolerance Stackup report for Example 16.7.
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Chapter #17 Component Tolerance Calculation

Calculating Component Tolerances
Given a Final Assembly Tolerance Requirement

e Three Methods to calculating component tolerances if given a final
assembly tolerance Requirement:

1. manually adjusts
2. “what-if” method:

3. Goal Seek function: Microsoft Excel :

OMNEX
2

Copyright 2018 Omney, Inc. All Rights Reserved. 315
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Chapter #17 Component Tolerance Calculation

Component Tolerance Calculation

| D1 =T1 | GAP A-B
D7 + T7 —j<—»{<«—»{— TOLERANCE
MUST BE <2.5
DE+TE —»] |-
D4+T4 J4+—»| D575 T
D2+ 72 —{4—b D3+T3 -—
B
7 N
/ A X
7 \% N\
% \ N
% N N
% N\ N
4 N N
/ / :\“‘/ \
% N N
N %\ / N
o™ ménnn? %

FIGURE 17.1 Simple assembly with assembly tolerance goal.




Chapter #17 Component Tolerance Calculation

“what-if” method: Guess

Tolerance Stackup

Product: Sample Assembly with Gap Tolerance Only Date: 07/04/02

Problem: Component Dimensions must be Toleranced to Achieve Assy Tolerance Requirement

‘Objective: Determine the Tolerance for the of Each Dimension Revision: A
Direction: X Axis

Guess #1 Try +/-0.5 tclerance for each Dimension

Component / Assy  Item Description Tol Tol Source & Calcs

Dimension 1 1 Tolerance T1 +-05 Guess #1

Dimension 2 2 Tolerance T2 +-05 "

Dimension 3 3 Tolerance T3 +-05 "

Dimension 4 4  Tolerance T4 +-05 "

Dimension 5 5 Tolerance TS +H-05 "

Dimension & 6 Tolerance TG +- 05 "

Dimension 7 . 7 Tolerance TV +/- 0.5 "

- Arithmetic Stack (Worst Case) +/- 3.500

Statistical Stack (RSS) +/- 1.323

Adjusted Stack: 1.5*RSS +/- 1,984 «——— Too small-

Tolerances
may be larger
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Chapter #17 Component Tolerance Calculation

“what-if” method: Guess

Guess #2 Try +/-0.75 tolerance for each Dimension
Component / Assy  Itern Description Tol Tol Source & Calcs
Dimension 1 1 Tolerance T1 +/- 0.75  Guess #2
Dimension 2 2 Tolerance T2 +-078 "
Dimension 3 3  Tolerance T3 +- 075 "
Dimension 4 4 Tolerance T4 +- 075 "
Dimension 5 5 Tolerance T5 +-075 "
Dimension 6 6 Tolerance TG +/- 0.75 "
' Dimension 7 7 Tolerance TV +-075 "
Arithmetic Stack (Worst Case) +/- 5.250
Statistical Stack (RSS) +/- 1.984
=~ Adjusted Stack: 1.5"RSS +/- 2.976 «————— Too large -
Tolerances
must be smaller
Guess #3 Try +/-0.63 tolerance for each Dimension
Component / Assy Item Description Tol Tol Source & Calcs
Dimension 1 1 Tolerance T1 +- 0.63 Guess #3
Dimension 2 2 Tolerance T2 +- 083 "
Dimension 3 3 Tolerance T3 +H-063 "
| Dimension 4 4  Tolerance T4 +-063 "
Dimension 5 5 Tolerance TS +f- 0.63 "
Dimension 6 6 Tolerance TS +-063 "
Dimension 7 7 Tolerance T7 +/- 0.63 "
Arithmetic Stack (Worst Case) +/- 4.410
Statistical Stack (RSS) +/- 1.667
Adjusted Stack: 1.5"RSS +/- 2.500 « ——— Satisfies
Overall
i Use +/-0.63mm tolerance for each Dimension | Requriement

OMNEX
___Z&»

WWW.OMNEX.COM

Copyright 2018 Omney, Inc. All Rights Reserved.
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Chapter #17 Component Tolerance Calculation

“what-if” method: Guess - RSS

B D1+0.
+063 " GAP A-B
D7 & 063 —j——] st TOLERANCE
MUSTBE <25

D5+ 063 J—

D4 + D63 —

]

D2+ 063 —{=—=| D3+0863

B

A

%/\ 4

PR R R ARG

////

LY

FIGURE 17.3 Simple assembly with iterative tolerances.
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Chapter #17 Component Tolerance Calculation

“what-if” method: Guess - RSS

Formula: Sample Problem:
Example in Figure 17.1 Solved:

PT = TOL

ADJ /n o7 o TOL
Where: -~ ADJ /n
n = Number of Parts in Assembly |
TOL = Overall or Gap Tolerance (Given)
PT = Part Tolerance (Calculated) BT = 49
ADJ = RSS Adjustment Factor

1.5/)7

Note: _
Use ADJ = 1 for straight RSS Stackup

(no adjustment factor) PT = 0.63

FIGURE 17.4 Adjusted RSS part allocation formula.
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Chapter #18 Floating/Fixed Fastener Calculation

Floating And Fixed Fastener

* Floating fastener and fixed fastener are terms describing two possible relationships
between the corresponding features in mating parts.

These features include clearance holes, tight-fitting holes, tapped holes,
slots, pins, studs, keys, keyways, etc.

—— 4X Mi4 X2

j.f’ Screws ~—— Covar

e S =
A 77

=
N

Y
AN\

//
\

7

FLOATING FASTENER

FIXED FASTENER
OMNEX
g

WWW.OMNEX.COM

Copyright 2018 Omney, Inc. All Rights Reserved. 322



Chapter #18 Floating/Fixed Fastener Calculation

Floating-fastener Situation

Definition: Where internal features, such as holes, in one or more parts must clear a
common external feature, such as a fastener or a shaft, is referred to as a floating-

fastener situation.

Y RSV

in Part 1

FIGURE 18.1 Floating fastener: Section thru mating parts.

Ffoarfng—fasfener:_ formula:
H=F+T

H = minimum clearance hole diameter (MMC)

F = maximum fastener diameter (MMC)

T = clearance hole positional tolerance at MMC
in considered part

OMNEX
2

WWW.OMNEX.COM
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Chapter #18 Floating/Fixed Fastener Calculation

Floating-fastener Situation

LG
@14+£05 @12
& [eas@[a]B]cC
D J 51 G |@2@pjalB

Tk

K —
I} s _T
20 |—~| |=—[100|— zu—l_ 20 [—={ |=——|100|—| |20
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Chapter #18 Floating/Fixed Fastener Calculation

Floating-fastener Situation

Clearance

Hales in Part 2

Clearance Holes Part 1
in Part 1

These parts have a Floating-Fastener relationship. Both
parts have clearance holes. The fasteners do not center
within the holes; the fasteners are free to “float” within
both sets of holes. The Positional Tolerance for each part
depends on the amount its clearance holes are oversized,
and is indepandent of the mating part(s).

Examgeaz
Part 1:

Given H=14 - 0.5=13.5 F=10

The Tolerance Zone for Part 1 is 3.5 mm

Floating-Fastener Formula (See ASME Y14 5M-1994 Appendix E)

H=F+T Where  H = Minimum Clearance Hole Diameter (MMC)

F = Maximum Fastener Diameter (MMC)
T = Positional Tolerance

Part 2:

Given H=12; F=10

H=F+T = H=F=T = 135-10=T = T=35 H=F+T = H=-F=T =+ 12-10=T - T=2

The Tolerance Zone for Part 2 is 2 mm.

The Floating-Fastener Fermula must be applied separately to each part when each part has clearance
holes. The tolerance assigned fo the holes in each part is independent of the mating parts.
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Chapter #18 Floating/Fixed Fastener Calculation

Floating-fastener Situation

The tolerance zones on a part would have additional orientation error if a different
feature or surface was chosen as the primary datum feature for the positional
tolerance applied to the holes. This applies to the floating- fastener and the fixed-
fastener formulas.

Clearance ]j[oles in Part 2
(Worst-Case QOrientation)
Holes Tilted to the Left

Clearance Holes in Part 2
(Worst-Case Location)
Holes Shifted Inward

o LQ'&\\\\\\\\\\S
)l

Part 1

Clearance Holes in Part 1 Clearance Holes in Part 1

{(Worst-Case Orientation) (Worst-Case Location)
Holes Tilted to the nght Holes Shifted Outward
Holes Tilted Worst-Case Holes Shifted Worst-Case
in Both Parts in Both Parts
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Chapter #18 Floating/Fixed Fastener Calculation

Floating-fastener Situation

Using the floating-fastener formula ensures that the virtual condition of the holes
allows the fastener to4 pass. In most applications, parts may shift relative to one
another about the fasteners at assembly, which is assembly shift.

_ Fixed in Space

In this part, the Fastener is pulled
or shifted downward onto the
bottom of the Clearance Hole

Maximum
Distance with
Gravity

- % In this part the Clearance
Contact ~~ Hole is pulled or shifted
downward anto the top
of the Fastener

Figure 18.4 Floating fastener: Hanger Assembly with Effect of Gravity.
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Chapter #18 Floating/Fixed Fastener Calculation

Floating-fastener Situation

% Fixad in Placs
R
T
=
7S
R I N
N
ﬂﬁ Contact Fastener Body
[ E B Pl
— 2 Places -.,@I,
Contact ﬁﬁ?_
ﬁf Too Small to T;“é;";"
% ﬁ Clear Fastener Fastener _'*;;_\_\\H
Sy | —=
Vi - S
Nz
P
Hanger %ﬁ
III|,..-' e i U S —— —
ﬁ
Z
o
/ Gravity Pulls This
Bracket f Part Downward
GRAVITY Heads of Fasteners Mot
* Shown for Clarity
FIGURE 18.5 Floating fastener: Assembly sequence violates floating-fastener
formula (with gravity).
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Chapter #18 Floating/Fixed Fastener Calculation

Floating-fastener Situation

Tangential Contact

#ﬂ' i 1’;1, P] Upper Part Shifted ?

% W E:ﬁ::iﬁ:?m {' Shared Clearance
% _ ['T'""Tj —-I-— too Small to Allow

| % ‘ W \‘% Fastener to Pass
N AR

Tangential Contact ' T Lower Part Shifted
This Fastener to the Right About

V)

Fasteners Started thru Tightened First (11  First Fastener
all Holes Simultaneously Fasteners Started thru
(Parts Cannot Move) _ Left Holes First _
(Right-Side Fasteners Don't Fit)
A B

FIGURE 18.6 Floating fastener: Assembly sequence violates floating-fastener

formula (horizontal).
T,EQPYF'EhLZO;L%mnEX,‘IrTm_

e
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Chapter #18 Floating/Fixed Fastener Calculation

Fixed-fastener Situation

Definition: Where external features, such as pins or studs, are fixed in place. in one

part and pass though internal features, such as clearance holes, in a mating part is
referred to as a fixed-fastener situation.

Clearance

Holes in Part 1 Part 1

1) /r )

Fixed-fastener formula:
H=F+T,+ T3

///__,

>
/0~

1 = minimum clearance hole diameter (MMC)

20
I
F = Maximum fastener diameter (MMC)
T1 = clearance hole positional tolerance at MMC

Threaded Holes Part 2 T, = threaded hole positional tolerance at MMC

in Part 2
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Chapter #18 Floating/Fixed Fastener Calculation

Fixed-fastener Situation

@12 00 M10 B
_ & [@08@ @ 205[A]B]|C
51 /{5— @120 A|B|C 5 < [ —
kK & ) T
I ! 50 I I S0
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Chapter #18 Floating/Fixed Fastener Calculation

Fixed-fastener Situation

C!EE"&"CB These parts have a Fixed-Fastener relationship. One of

Holes in Part 2 Part 2 the parts has threaded holes, and the other has clearance
rT' 1 ,/_ 1T} holes. Threaded fasteners tend to center in the threaded
A N holes (the fasteners are located where the threaded holes
A DI L NN are located). The Positional Tolerance for both parts
' : depends on the amount the clearance holes are
L oversized, and must be shared between the parts. The
\ Positional Tolerance on both hole patterns are not
Threaded Holes Part 1 independent. Note: The Fixed-Fastener Formula requires
in Part 1 using a projected tolerance zone for the threaded holes.

Fixed-Fastener Formula (See ASME Y 14.5M-1994 Appendix B)

H=F+Ty+T» Where H = Minimum Clearance Hole Diameter (MMC)
F =Maximum Fastener Diameter (MMC)
> T4 = Positional Tolerance for Clearance Holes
Example: T, = Positional Tolerance for Tapped Holes

Given: H = 12; F=10

The 2 mm available may be distributed evenly or unevenly between the two parts. In this example, a
smaller amount of the available tolerance was assigned to the threaded holes.

T4 = 1.2 Positional Tolerance Assigned to Part 1, T, = 0.8 Positional Tolerance Assigned to Part 2
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Chapter #18 Floating/Fixed Fastener Calculation

Fixed-fastener Situation

Clearance Holes in Part 1
(Worst-Case Orientation)
Holes Tilted Outward

""f//////////m Y

Part 2

Tapped Holes in Part 2
(Worst-Case Orientation)
Holes Tilted Inward

Holes Tilted Worst-Case
in Both Parts

OMNEX
___Z&»

Clearance Holes in Part 1

(Worst Case Location)

Holes Shifted Inward
Part 1

—

3

A

W

|
[
!

ZN

|
|
=

Part 2

Tapped Holes in Part 2
(Worst-Case Location)
Holes Shifted Outward

Holes Shifted Worst-Case
in Both Parts
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| Ciiabrtérr #19 Fit Classification

Fit Classifications

Three types of fit between cylindrical parts:
1. clearance fits
2. transition fits
3. interference fits

fit classifications do not take into account positional error between parts; the
part features are assumed to be coaxial. Typically these fits are used for shafts
into bearings, pressing pins into holes, or similar applications.
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Chapter #19 Fit Classification

Fit Classifications

Clearance fits
A clearance fit must always have clearance between the shaft and the hole.

Transition fits
A transition fit may have clearance or interference between the shaft and

the hole.

Interference fits (force fits)
An interference fit must always have interference between the shaft and

the hole.
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Form Tolerance Stack-up




V Cf;apter #20 Form Tolerance Stack-up
Form Tolerance Stack up

e The reason that form tolerances are of less concern in linear Tolerance Stack
ups is because most Tolerance Stack ups are done to find a minimum or
maximum distance, and in the majority of cases the form or shape of a feature
has little to no effect on the distance being studied.

However, form tolerances may play a role in Tolerance Stack ups. in some cases
variation in the form of a feature can have a dramatic effect on the Tolerance
Stack up.
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Chapter #20 Form Tolerance Stack-up

Form Tolerance Stack up

e Datum feature form tolerances

Planar primary datum features are usually toleranced using flatness.

Primary datum features of size may also have form tolerances
applied, such as cylindricity or straightness, but such form tolerances
will probably not affect the result of a Tolerance Stack up.
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V Cf;apter #20 Form Tolerance Stack-up
Form Tolerance Stack up

e Form and orientation tolerances applied to secondary and tertiary datum
features may also be considered in Tolerance Stack ups where applicable.

Form tolerances can affect the result of a Tolerance Stack up in two ways:
As translational variation only, such as where parts are very rigid or
where they are not subjected to forces that may deform the interfacial
surfaces at assembly

As rotational variation projected out to a linear displacement, such as
where thin-walled or sheet metal parts are subjected to loads that may
deform the interfacial surfaces at assembly and the rotational
displacement causes other features on the parts to deform
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Translational Variation Only

/— Part FT2
/  N—
(40 Nominal)
Interface
(Datum Feature A Part FT3
Both Parts)
FIGURE 20.1 Form tolerances: Translation assembly.
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Form Tolerances Treated As Adding Translational Variation Only
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Translational Variation Only

@ Profile
(2) DF Shift
(Part FT2)
_\ /— Part FT2
& A
+ - N
® [20]
? Distance A-B
+
@ [20]
1 \_ E
® Profile Part FTS
(&) DF shift
(Part FT3)
Stackup Direction

FIiGURE 20.4 Form tolerances: Tolerance Stackup sketch for FT1.




Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Translational Variation Only

Limits of Basically Located
Profile Tolerance Zone

S s " - &

g 20
(Nominal)

T-mm
Flatness
Form
Tolerance

Datum Feature A

Datum Feature
Simulator A

Simulated Datum Plane A

FIGURE 20.6 Form tolerances: Upper part with variation. As-produced part FT2 at
inspection.
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Translational Variation Only

Datum Feature

Datum Feature A Simulator A

__1-mm Flatness Simulated
Form Tolerance Datum
Plane A

VL

19.2
Measured 19 20 21

% (Nominal)
L R S

L \— Limits of Basically

Located Profile
Tolerance Zone

FIGURE 20.7 Form tolerances: lower part with variation. As-produced part FT3 at
inspection.
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Translational Variation Only

Simulated Datum Plane A on Part FT2
(High Points of Datum Feature A
Contacted Here at Inspection)

Part FT2 —\

3r.e

Measured

Simulated Datum Plane A on Part FT3
(High Points of Datum Feature A
Contacted Here at Inspection)

1-mm
Datum
Feature
Translation

FIGURE 20.8 Form tolerances: Imperfect translation assembly with 1-mm flatness.

What'’s possibility for this happening?




Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

Half-Brace

M12 Fastenars

Half-Brace

FIGURE 20.9 Form tolerances: Brace assembly.

What'’s possibility for this happening?
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

e "= T g enpe =T
Brace Assembly
- -
Frame :
Brace Assembly Frame
/ M10 Fasteners -\
& &
——— 2
+ +
. )
FIGURE 20.10 Form tolerances: Brace assembly installed in frame.
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

4X 213 £ 0.25

it u;g@ A
i

FIGURE 20.11 Form tolerances: Half-brace detail.
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

Datum Feature A Contacts
Datum Feature Simulator A Here
at the Center of the Surface

}
2-mm Gap _|} s/
Both Sides

.
' 2-mm Flatness

Tolerance Zone

Datum Plane A Datum Feature Simulator A

160 mm CL -CL

Solt Foles The Form of Datum Feature
220 mm A is Convex. It is Bowed
- Extent of Datum — 2-mm, the Full Amount
Feature A Surface Allowed by the Flatness
Tolerance. The Part Must be
Adjusted or Shimmed for the
Setup to be Stable.

FIGURE 20.12 Form tolerances: Half-brace with variation.




Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

As-Produced Half-Brace

Parts Contact Each Other Here
at the Center of the Surfaces

l—2.1154 Gap @
CL Bolt-Holes

Interface = _ ] 240

Nominal

As-Produced Half-Brace

FIGURE 20.13 Form tolerances: Imperfect brace assembly (before loading).




Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

Rotated Rotated

As-Produced Half-Brace \

——

Rotated Rotated

/ \

< 240 Interface < 24p
After After
Loading \ / Loading
‘ Rotated Rotated l
\ As-Produced Half-Brace /

Rotated Rotated
Tightening The Bolts Applies Loads That Pull

Mating Datum Feature A Surfaces Together, Which
Causes the Side Flanges to Rotate Inward

FIGURE 20.14 Form tolerances: Imperfect brace assembly (after loading).




Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

Datum Feature A Point of Contact CL Bolt Hole

Y, =1.0577 J
[I-}eight of Form Error
@ CL of Bolt Hole)

X, = 160 _ ap

Datum Plana A >

I[I:. Datum Featurs A Surfacas

Full Value of Flatness

Tolerance = 2 mm @ _|
Edges of DF A Surface
with Convex Form Error

/”I Y, =1.0577
G

ana=1977 = qo76°

a = The Angle that the Mating Datum Feature A Surfaces, Side
Flanges & Holes Will Rotate as the Bolts Are Tightened




Chapter #20 Form Tolerance Stack-up
Form Tolerances Treated As Adding Rotational Variation

2

X, =80
Triangle 1 }{2 = % + 3 (stock thickness) =325 + 3 =328
Triangle 12

Solve For YE: Note:

Y Y Y

—)21 = 2 = 10577 _ 2 Y, is less than the full 2-mm value of

4 }(2 80 328 1
the Flatness iolerance. With convex

form error, the vertical variation of
the Datum Feature A surfaces is only
1.0577 at the centerline of the bolt
holes. It is assumed that the bolt
forces will pull the surfaces together
along the CL of the bolts.

Y, = 1.0577(328/80) = 4.34

FIGURE 20.16 Form tolerances: Like triangles projecting the rotation out to the
side flanges.
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

Rotated Rotated

\
T

Interface o34 32

As-Produced Half-Brace

Rotated

231.32
After After
Loading! Loading!
l r.r/ Rotated I
\ As-Produced Half-Brace /
Rotated Rotated

The Distance Between the Side Flange Hole was
Reduced by 4.34 mm on Both Parts. The Effect of the
Positional Tolerance on the Holes is not included.

FIGURE 20.17 Form tolerances: Brace assembly after loading with dimensions.
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Form Tolerances Treated As Adding Rotational Variation

As-Produced Half-Brace Parts Contact Each Other at
the Edges of the Surfaces

240 2(1.0577) =
Nominal r 21154 Gap @ |
—/ CL Bolt-Holes
Interface 240
MNominal

As-Produced Half-Brace

FIGURE 20.19 Form tolerances: Brace assembly with concave form error (before
loading).
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

Tolevance Stack Release 1.2a
Prograrn; Tokerance Analysis TexiDook Stack Infompatin
P roduct; Part Number  Rev  Descriplion Stack Mo: Figure 2052
FT8 A Sample Assérmbly for Fom Tolersnce Chapter with Linear Displacernent from Rotationa Wemation Date: 070402
Rewizion A
Probiem WWhen Bolls are Tightened Datum Feature A Surdaces will Deform and The Side Flange Boll Holes will Be Displaced
Ddrection:  Vertical
Cibjecthve Creteinine the Varation Between the Holes in The Sige Flanges in the Vertical Direction Authuor, BR Fischer
'-D-Eﬁcnpicn of Pement
Componert / Assy  PatMNumber  Rev  item Description +Dims  —Dims Tol conrin  Dim / Tal Source & Calcs
Hal-Brace FT1i1 A 1__|Positiors Holes in Uipper Sige Flanoes % 1.0000 % P oslion dia 2 @@ MMC_A, B @ MM
{Upper Part) 2 |Bonus Tolerance 1 0.5000 4%  |= (08 + D52
3 |Datum Festune Shift £ 0.0000 0% N - OFy Shift Is P erperdicular to Tolerance Steckup
4__|Dimn: CL Side Flange Holes - Datin A 120.0000 + 0.0000 0% 120 Basic on Dwi
3 |Flainess Toierance (Dalum Festure A) +4.3400 7% |Flatness 1 on Cwg - 434 Projecied [Ses Motes)
Hall-Brace FT11 2 5 _|Flatness Tolerance (Dabem Foature &) + 4.3400 % [Flabress 1 o0 Dwn - 4,24 Projecied (See Motesy
[Loweer Pad) 7__|Dimn: Diaturn A - CL Side Flange Holes 1200000 + 00000 0% 130 Basic on Dwo
8 _|Position: Hodes in Upper Side Fiannes + 1 .0000 g% P osiion dia 2 @ MMC, A B @ MMC
8 |Bonus Tolerance: % 0.5000 4% = (0.5 + 0.5)3
10 |Datum Feature Shift + 0.0000 0% M8 - DF g Shift i3 Perpendicular to Tolerance Stackup
Dimension Totals]  240.0000 00000
Wormninal Distance: Pos Dims - Neg Dims = | 240 0000
Mam Tol [l I
RESULTS: Arthmetic Stack (Worst Case)] 2400000 | + 11 6800 | 228 5200 ] 251 6000
Statistical Stack (RSS5)] 2400000 ] 2 69381 233.6619 | 245 3381
Adjusted Statistical; 1.6*R3S[ 2400000 | = 55071 230 4929 | 249 8071
MNotes;
- The Flatress Tolerance Specified for Datum Feature A on Both Parts 15 mciuded in the Tolerance Stackup.
assumptinns: - Itk assumed that the fonn error allowed try the Flatress tolerances specified for botn Datum F ealures A Suraces Si0ws the sufaces to rotate when the bolts arg tighbenad,
When ine Boits are tightened, the Datum Feature A surfaces will deform and rotale uniil the surfaces meet along the noming interface. The Datum Feature A suaces are.gs3urmed to rotale to ciose the gap
betwean them. This rotation is projected out i the Side Flanges, which rolats through thie s2me angle. Bokh parts are subject b the same deformabion as the Brts ame tghtered, so both the effect of both
Flatness iolerances are moluced in the Tolerance Stackup. The Form tolerances ae asswmed to act Bousilyin bot the posithie and negative directions, making the distance between the holes either larger
oF srmales.
= Agdd a note to the Halk-Brace detail drawing 10 inspect the part with forces applied. The forees should apprmamate the forces encountered st assembhy: this wil NEQate most of ihe effect of he projecred
Form enmor.

OMNEX
2

Copyright 2018 Omney, Inc. All Rights Reserved. 357
WWW.OMNEX.COM



o el = TR

Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

 Determining whether to treat the form tolerance as adding translational or
rotational variation and how to include it in the

» Tolerance Stack up presents us with a problem. There are four things to
consider:

e Whether form tolerances should be included in the Tolerance Stack up.

 Whether the variation allowed by form tolerances should be treated as
translation or as rotation.

 How to include the form tolerances in the Tolerance Stack up.

 How to quantify the potential effect of the form tolerances.
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Chapter #20 Form Tolerance Stack-up

Form Tolerances Treated As Adding Rotational Variation

* Generally speaking, form tolerances are less likely to add translational error
than rotational error to a Tolerance Stack up.

* |tis possible to solve the Tolerance Stack up twice if desired, by treating the
allowable form error as translational in one study and rotational in another.

OMNEX
2

Copyright 2018 Omney, Inc. All Rights Reserved. 359
WWW.OMNEX.COM



THANK YOU

Are there any Questions?
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