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Aims

Understand challenges with 1D
tolerance analysis

Gain an appreciation of 3D
tolerance analysis for design
refinement and verification

Learn how to incorporate metrology
data to ensure design quality

(8 ENGINSOFT



Background

High accuracy measuring devices
require high precision components

Controlling tolerances is vital to
control quality

Tight tolerances will increase
manufacturing cost

Manufactured parts might not meet the
Intended design specification

(8 ENGINSOFT



Caster Wheel Assembly

Bushing pressed
into bracket

Screw floating
inside bracket hole
Screw threaded
into blue plate
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4X M10x1.25

[#]2o2s[a[e]c] (]

1D Tolerance Stack Up

Step Tolerance (mm) Added Variation | Cumulative Stack
(mm) (mm)

1 — RHS Bushing Pos 0.15 +0.075 0.075
Position
2 — RHS Bracket Pos 0.2 +0.1 0.175
Hole Position
3 — RHS Bracket +0.15 (diameter) +0.375 0.55
Hole Size -0.02  (+0.25 float)
4 — RHS Plate Hole Pos 0.25 +0.125 0.675
Position
5 — LHS Plate Hole Pos 0.25 +0.125 0.8
Position
6 — LHS Bracket +0.15 (diameter) +0.375 1.175
Hole Size -0.02 (+ 0.25 float)
7 — LHS Bracket Pos 0.2 +0.1 1.275
Hole Position
8 — LHS Bushing Pos 0.15 +0.075 1.35
Position
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1D Challenges

CAD/MBD

Metrology

Data
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3D Effects in Tolerance Analysis

Lets looks again at the previous
stack up...

a) how difficult is an angular
stack up?

b) which combination of linear
and angular variation provides
the largest misalignment?

c) how do we determine this
with a spreadsheet?
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CETOL 60

Q By [ import from File o o _ L &, & i show Locations B clude

Update  Save to % Export to File CETOL 6 Help ? 2 Dimension|Mode Add Add Component Add Joint E Show Unconstrained | Add Cloned State [Z] Exdlude

From CAD  Fil M
rem "% #2 options B @] 3 Analyze Mode easurement B o Fs o ~
Assembly | Layout | Sketch | Markup | Evaluate | SOLIDWORKS Add-ins | cETOL 6 | POLABE T -v- -2 a0 - % x B8 Eix
@ B & @ > to axle_support (Default);1.1 ?
- @ v Bias
@ () wheel<1> (Default) <<Default>_Dis & o O Centered
» B () hex flange screw<2> (B18.2.3.4M - F i
© Floating
v @ (-) hex flange screw<3> (B18.23.4M - = %
» @ () hex flange screw<4> (B18.2.3.4M - = (@] Tangent, +Y
» @ () hex flange screw<5> (B18.2.3.4M - l — Z (O Tangent, -Y
» [ Mates v e
Concentric at Point ~
. =1
@ References  Constraints  Parameters  Notes
@ B¢ €ee |
Tree Linear Stack Up e ngin Feature
v [ caster (Default) 0 axle_support (Default);1 / hole2, SCREW &}

v 7] Linear Stack Up
fm Horizontal coaxiality

Constrained Feature

0 x flange screw, M10 x 1.5 x 20 --20N);1 / Threads cﬂ

Lo T

Refinements
> |3 top_plate (Default) Locate: X
v E,JE' axle_support (Default);1
> [l sxle_support Defaut) Orient: | -0.00000, 0.00000, -1.00000 =
£ 1o top_plate (Default);1.1
v EIJEI hex flange screw (B18.2.3.4M - He
> [ hex flange screw (B18.2.3.4M
@ 0 top_plate (Default);1.1 =] o 0 Q

> to axle_support (Default);1.1
2 to axle_support (Default);1.2
v oF hexflange screw (B18.2.3.4M - He
> [B hex flange screw (B18.2.3.4M
@ to top_plate (Default);1.1
> A% to axle_support (Default);1.1
225 1o axle_support (Default);1.2

Model | MotionStudy 1 |
SOLIDWORKS Premium 2023 SP5.0 Under Defined  Editina Assemblv Over: 0 Under: 0 (Closed) | Svnehronized Custom - @&
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3D Tolerance Analysis

» Dedicated software packages
(e.g. CETOL 60) allow you to:

» Model assembly conditions

= Add in GD&T definitions

= Worst case using this method is
2.6mm (compared to 1.35mm)
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3D GD&T Definitions

= How do we account for these
kinds of variation?

= What does a position tolerance
mean?

= Does it control angular variation
as well as position?

= Which datums is it referencing?

» Does the pin that fits inside it
always go in straight?
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GD&T in CETOL 60

4x ©10.00
4|0.25|A|B|C

85.00

R10.00

)

0.

l

12.50

1"

0.2 A

130.00] U290 |
~[0.2]A ~
1

v [j; top_plate {Default)
2 Ap—{A]
v & BpB]
>
v & o]
> 0.1]A[8]
v 47 mount, AXLE SUPPORT-R
B
v & holel, SCREW
> [@] 10.000:0.005
' @ o]
v @ hole2, SCREW
[2] 1000
@
v 47 mount, AXLE SUPPORT-L
B
v (9 hole3, SCREW
[&] 10.00
@ 2
v & hole4, SCREW
> 10.000+0,005
. @ ]
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GDA&T Distributions

v (& holel, SCREW

> 10.000+0.005
v
— TX
M RX
— TY
M RY

L,
O

12

+— TX

Nominal: 72.5 mm

Distribution  Eguivalent  Parameters  Notes

72.375 72625

72.500

Apply variation rule to parent object
Type: Normal
Mean: 72.5000000000000
Std Dev: 0.0360843921
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Metrology in 1D Stack Ups

= Statistical analysis requires Standard Deviation (0)

N =

OAsM —

(INgE
S
N

= Metrology data provides four moments of distribution

= Mean

= Standard Deviation

" Skewness < These two make 1D
= Kurtosis <« stack ups challenging
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Adding Metrology Data

Location (mm) |Quantity Hole Position, Sample Size 150 Statistical Moment | Value
72.25 2 45 o Mean 72.52
72.30 4 11 Standard Deviation 0.09
72.35 7 40 1 Skewness -0.55
72.40 11 35 | Kurtosis 0.31
72.45 17 20 I
72.50 27 Z s | Design Target
72.55 11 ‘E | Mean — —
72.60 26 g % I
72.65 10 15 |
72.70 3 10 |
72.75 1 |

s I
] |

72.25 7230 7235 7240 7245 7250 7F255 T260 7265 T2LT70 TL75

Location (mm)
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Metrology Results in CETOL 60

S RPAR D O « CETOL Properties {0}

+— TX ?

Nominal: 72.5 mm

Distribution Equivalent Parameters  Notes

BUepe

EYEIE

12375 72,625
72.500

() Apply variation rule to parent object

Type: Lambda
© @ Mean: 72.5200000000000

Std Dev: 0.0900000000
\ / Skewness: -0.5500000000000

Kurtosis: 3.3100000000000
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Results and Contributors

= True worst case Is 3.3mm misalignment
» Production sees a 1% scrap rate

= CETOL 60 highlights key contributors

= Float between screw and bracket hole
has largest effect on variation

= What If Analysis

= Alter tolerances to visualise change in
results
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5 View Results

i Horizontal coaxiality

Distribution
Type = Lambda

Mean = -0.0000
Std Dev = 0.3946
Skew = 0.0000
Kurt = 2.8431

3.33229

-3.33229

-1.000
0.000

Quality Metrics
Cpk = 0.8448
Sigma = 2.5956

%Yield = 99.0557

i %8 |= & |Best Fit v

Details Requirements. Sensitivities Contributions Parameters Notes

Display: Statistical Contributions.

Name Contribution

~ | Based on: Toleran

ices =

. 103:1.5 % 20 --20N);3 / to axle_support (Default);2.2
Float

w10 % 1.5 % 20 --20N);1 / to axle_support (Default);1.2
Float

top_plate (Default);1 / Pattern1:hole3, SCREW
to Pattern1

top_plate (Default);1 / Pattern1:hole1, SCREW
to Patterni

w10 % 1.5 % 20 --20N);2 / to axle_support (Default);1.2
Float

.10 % 1.5 x 20 --20N);4 / to axle_support (Default);2.2
Float

top_plate (Default);1 / Pattern1:hole2, SCREW
to Patterni

33.82%

2783 %

Close
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Conclusions

3D tolerance analysis using CETOL 60 provides further insight not
available using 1D stack ups

M

etrology data can be included for every variable from any sample size

Design iteration and model rework limited once the model is built

. (8 ENGINSOFT



Matt Savage
m.savage@enginsoftuk.com

www.tolerance-analysis.co.uk
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