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Last Time: Tonight:

* Design Analysis « Group Project Overview
 Clearance/Interference Checking  Tolerance Analysis
 Sensitivity/Feasibility/Optimization « CETOL

e Intro to GD&T e Intro to GD&T

Supporting Reading:
« Second half of Chapt. 4 (pg 96-112)
e Chapt. 6
e Chapt. 8




Group Project Subjects
Need one group for each
* Blades
e Hub
» Gear train
» Base
* Collapsible stand
* Tail (Horizontal Furling)
e Fluids
 Structures

» Structure for Batteries,
Inverter and Controls

 BBS




Manufacturing Tolerances
Nothing’s perfect

Fig. 4-50, B. A. Wilson, GD&T App. And Intr., 2010




Manufacturing Tolerance

Components must specify allowable tolerances

 Tolerances can be specified
in a number of ways

* Dimensional
e Limits
e Unilateral
- Bilateral 500 .00
« Geometric
e Form
« Orientation

e Position




Design Tolerance Analysis
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EXERCISE - Design Tolerance Analysis

» Open relief valve
assembly

e Turn on Dimension

Tolerances

e Tools >
Environment

* Check Dimension

Tolerances

= RELIEF_YALYE (Active) - Pro/ENGINEER Education Edition

[E Environment x|
e ——

|7 % 01 Dimension Talerances;

W’

File Edit WYiew Insert Analysis Info  Applications | Tools Manikin  Window Help ;

" T - Relations... ) | [ ; Datum Axes
JDUUC&%J{)G%E Parametets... I—NP-SbI
JB 7 xx” v—}f‘* |j£ J A2 Designate. .. :N oint symbols

&£ /= e TE Farmily Table. .. [ z—}{x Coordinate Systerns
® Base window cannot be closed. Erogra_;:n... [+ g:-—c Spin Center
» Successfully changed to LMy Documentsiproelinclass), LDF Library. .. n=
® Datum planes will not be displayed. = Image Editor. .. I e MHaotes az Mames
* Ayes will not be displayed. IUpdate Mig AES I_ :I Fies Desi
“FA| Reference Deszsignators
- . Madel Plaver. ..
8 | & | G| &R P — € G Thick Cables
Show * Seftings ~ @ )
= I 2 | | ﬁﬂ Play Trail{Training File. .. [y ;—” Centerline Cables
sprk TR .
Distributed Computing. .. .
[C] RELIEF_wALVE.AS E“ ProjWeb.Link [ ﬁ Internal Cable Partionz
----- £7 BSM_RIGHT -
----- £F BSM_TOP Mapkeys W I Colors
""" L7 BSM_FROMT Floating Modules ]
- W
..... %ﬁSM_DEF_CS' I_ g\ TEHtU[ES

- [ HOUSING. PR
- [_ )l BELLEWILLE.FF
- [_ )l BELLEWILLE.FF
[ [_] BELLEVILLE.PF
[~ [ ] BELLEVILLE.PF
[~ [ ] BELLEVILLE.PF
[~ [ ] BELLEVILLE.PF
-] HOUSINGZ, PR
-1 SEAL.PRT

Auiliary Applications

Server Manager. ..

Cuskomize Screen, ..

@ Clear History
opkians

Caonfigure ModelZHECK,

[ '%] Lewvels af Dietail

— Default Actions
™ Ring Message Bel

[ Save Display

[ Make Fiegen Backup
[ Snap to Grd

¥ Keep Info Datums

v Use 20 Sketcher

I¥ Sketcher Intent banager
[T llzmFaztHI R




EXERCISE - Design Tolerance Analysis

Define part feature tolerances

» Open piston.prt

» Create a symmetric
tolerance of .005 on
.250 height

» Edit feature

» Select
dimension

* RMB >
Properties

» Set Tolerance
Mode to
Symmetric

» Set Tolerance to
.005
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EXERCISE - Design Tolerance Analysis

Define part feature tolerances

I SEAL (Active) - Pro/ENGINEER Education Edition

* Using the steps shown
previously, apply a
symmetric tolerance of
.008 to the thickness of
the seal .080

File Edit Wiew Insert Analysis Info  Applications Tools  Window
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EXERCISE - Design Tolerance Analysis

Define part feature tolerances

I HOUSINGZ2 (Active) - Pro/ENGINEER Education Edition

* Using the steps shown
previously, apply a
symmetric tolerance of
.003 to the height of the
seal .375
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EXERCISE - Design Tolerance Analysis

Define part feature tolerances

I HOUSING (Active) - Pro/ENGINEER Education Edition = | Ellﬂ

 Using the steps shown
previously, apply a
symmetric tolerance of
.006 to the height of the
seal .850
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jbcpsac oy nrniEmn-|OrgaaQstak]|esao)

Jg i %% w|

B | & @) gl

Show * | Settings ™ |

|§prt

'\a@@

i

==
T

Ein i




EXERCISE - Design Tolerance Analysis

Define tolerance study

» Back to the top level
assembly

» Analysis > Tolerance
Study...
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EXERCISE - Design Tolerance Analysis

& Tolerance Analysis powered by CETOL Technolo = | Ellil

Measurerment Table F X

Define tolerance study

2
ax

Mame | Maominal | Tolerance | p Attachment |
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EXERCISE - Design Tolerance Analysis

Define tolerance study

[E RELIEF_YALYE (Active) - Pro/ENGINEER Education Edition ;|g|5|
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EXERCISE - Design Tolerance Analysis

Define tolerance study

[ RELIEF_VALVE (Active) - Pro/ENGINEER Education Edition =lolx[

File Edit Wew Insert Analysis Info  Applications Tools Mankin  Window Help
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EXERCISE - Design Tolerance Analysis

Define tolerance study

« STEP 2 (cont.):
Specify dimensions that
contribute to tolerance

» Continue selecting
until all the
dimension we
specified tolerances
for have been
selected

* .850+.006

 .375+.003

« .080+.008

* .250+.005
« MMB done
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EXERCISE - Design Tolerance Analysis

Go hack to CETOL window

* RMB in Measurement
Table > Expand All

» This will show the
dimensions included in the
stack

@ Tolerance Analysis powered by CETOL Technology ;Iglil
Measurement Table & x
Mame Mominal |TOIerance |Cp | aa_x | Attachment |
cleliceroun 0145 014510010 Center
- [ HOUSING
- & HOUSINGHOUSINGZ Certer
B (O HOUSINGZ
- & HOUSING2/SEAL Center
- (O SEAL
- &b SEALIPISTON Certer
- (@ PISTON
Restart Measure
Remave Last
Dimension Loop Diagram Yiew Options g x
0.145 +0.010
- L
0.850 £0.006
ha e
0.375 £0.003
- -
it -
0.080 +0.008
o L
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Laall -
ol -
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Expand All
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EXERCISE - Design Tolerance Analysis

Rename analysis and enter design objective

& Tolerance Analysis powered by CETOL Technology

Measurement Table

Marne Morminal Tolerance Cp aa_}: Atkachrent
b spring_height 0,145 0.146 #0.015 Zenter
. L 7 Featurel
] dz 0.85 D.ASD 0006 1 1 Centet
E .. & Feature
- & HOUSINGHOUSINGZ Center
= O HOUSINGZ
: £F Feature
- [] do 0,375 0.ATE 0002 1 -1 Center
" & Feature

 Name the analysis something descriptive
* Note nominal dimension and tolerance set by DESIGN REQUIREMENTS
 This is not the result of the analysis; this is whe re the goal is set

» Set design tolerance to .015




EXERCISE - Design Tolerance Analysis

Define tolerance study

* Click on the Analysis
Results tab

* Left pane shows
graphically the results

* Right pane shows
contributions from
individual tolerances

@ Tolerance Analysis powered by CETOL Technology _ ||:||1|

Measurement Table g X
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- S HOUSINGZ/SEAL Center

= [ SEAL

- £ Feature

do 0.05 0.080 +0.008 1 -1 Center G
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Analysis Results 5 X

—Measure Yariation Stat Contribs W Contribs Sensitivities

Sigma = 3.8874
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SEAL:dD
HOUSING:d2
PISTOM:dZ
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e —
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EXERCISE - Design Tolerance Analysis

Define tolerance study

» Standard deviation

* Percent Yield from
process

» Defects per Million
Units

Design requirement

—Measure Yariation

[ \

/ A\

0.123

Sigra = 3.8874

9
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N~ —
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» Green is portion of Worst Case
(Absolute) inside design
requirements

* Blue is portion of STAT inside
design requirements

\
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EXERCISE - Design Tolerance Analysis

Adjust tolerance objective and update

» Change the tolerance
objective to .010

» Observe the change in
the output (what
happened to DPMU?)
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Manufacturing Tolerance

Components must specify allowable tolerances

 Tolerances can be specified
in a number of ways

* Dimensional
e Limits
e Unilateral
 Bilateral
« Geometric
e Form
« Orientation

e Position

Fig. 8-1, B. A. Wilson, GD&T App. And Intr., 2010




Geometric Dimensioning and Tolerancing (GD&T)

Introduction

* GD&T Includes 3 types of tolerances: Form, Orientation and Position

Fig. 5-1, B. A. Wilson, Fig. 7-1, B. A. Wilson,
GD&T App. And Intr., 2010 GD&T App. And Intr., 2010

Fig. 8-2, B. A. Wilson,
GD&T App. And Intr., 2010




Geometric Dimensioning and Tolerancing (GD&T)

Form Tolerances — Straightness and Flatness

Fig. 5-11, B. A. Wilson, Fig. 5-27, B. A. Wilson,
GD&T App. And Intr., 2010 GD&T App. And Intr., 2010




Geometric Dimensioning and Tolerancing (GD&T)

Form Tolerances — Circularity and Cylindricity

Fig. 5-33, B. A. Wilson, Fig. 5-34, B. A. Wilson,
GD&T App. And Intr., 2010 GD&T App. And Intr., 2010




Geometric Dimensioning and Tolerancing (GD&T)

Datums

e Datum feature
references

 Labels (Letters)
» Datum features
 Part features
e Datum

» Theoretical
(perfect) reference
geometry

« Datums are required
for orientation and
position tol's

Fig. 6-3 & 6-4, B. A. Wilson, GD&T App. And Intr., 2010




Geometric Dimensioning and Tolerancing (GD&T)

Types of datums

» There are various types of physical features that can be used as a datum

Fig. 6-7, B. A. Wilson, GD&T
App. And Intr., 2010

Fig. 6-6, B. A. Wilson, GD&T
App. And Intr., 2010




Geometric Dimensioning and Tolerancing (GD&T)

Orientation Tolerances — Angularity, Perpendicularit y and Parallelism

Fig. 7-30, B. A. Wilson, Fig. 7-13, B. A. Wilson, Fig. 7-7, B. A. Wilson,
GD&T App. And Intr., 2010 GD&T App. And Intr., 2010 GD&T App. And Intr., 2010




Geometric Dimensioning and Tolerancing (GD&T)

Position tolerance requires Datums, Basic Dim’s and Tolerance

Fig. 8-7 & 8-8, B. A. Wilson, GD&T App. And Intr., 2010

Datums establish how to measure the part, Basic dimensions
state theoretical location & Position Tolerances state allowances




