
Tolerancing and Dimensioning
Doing things right the first time adds 
nothing to the cost of your product of 
service. Doing things wrong is what 

costs money. – Philip B. Crosby
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Why bother?

• Interchangeable Parts

Colt Peace Maker Springfield 1856

Eli Whitney’s Cotton Mill Early 1900’s assembly line
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Tolerancing and Dimensioning Goals
• Tolerancing

– Allow individual parts to assemble and properly operate together as a 
single system

• Dimensioning
– Exercise in Precise Communication

• Typically a graphical representation of the part or assembly that provides a clear 
depiction and description of:

– Geometry
» Shape

– Size
» Dimensions
» Tolerances
» Description (material, finish, etc.)

– Intent is clear
» Size and location of all features is mutual understood

• Standards
• ANSI
• ISO
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Tolerancing

• Motivation: Cannot make a part exactly the right size

– A certain amount of variation on each dimension must be 
tolerated

• Example: Size limits

– Unilateral/bilateral

– Limit

– Geometric
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Considerations
but avoid “over-the-wall” thinking

• Engineering Driven
– Any tolerance necessary to ensure the perceived 

functional requirements of a product – “over-the-
wall”

• Process Driven
– Based entirely on the capability of the manufacturing 

process – manufacturing dictates design 
requirements to engineering

• Inspection Driven
– Expected measurement/gauging technique dictates 

dimensioning scheme and tolerancing
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Engineering Driven

Tolerance Stackup process
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Tolerance Stack up

• Adding/subtracting tolerances

– Worst Case

– Good for:

• Design verification

• Catastrophic failure

• Low number of parts 
(3-5)

• Statistical

– Sum variance
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Engineering Driven

• Performance Requirements
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Process Driven

• Tolerance Grades
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Process Driven
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Process Driven
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Surface Deviations 

Form, Waviness, Roughness
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Process Driven
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Surface Finish
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Inspection Driven

Gauging Techniques

Coordinate Measuring Machine
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Taguchi – Customer perception missing

• Monetary losses occur with any deviation from 
the nominal. – Genichi Taguchi

𝐿 =
𝑎

𝑏2
𝑥 − 𝑇 2 + 𝜎2

Introducing quality concepts 

at the design stage is more 

valuable than through 

inspection after manufacture
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“Standard Rule-of-Thumb” Tolerances

1 decimal place X.X ± 0.2”

2 decimal places X.XX ± 0.01”

3 decimal places X.XXX ± 0.005”

4 decimal places X.XXXX ± 0.0005”

But be careful with this table, if you are working on a part that measures 3.5” nominal the best tolerance you can 
expect from milling is 0.005”

• Prescribe the largest tolerances you can afford
• Budget trade-off

• Tighter tolerances = more performance (usually)
• Looser tolerances = less expensive manufacturing (usually)
• But of course there is Taguchi…

• Generally, most parts require only a few features to be held to 
high accuracy
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Quality

• Meets the need of the customer and thereby 
provides product satisfaction

• Freedom from deficiencies – absence of defects.

• Standards

– ISO 9000 series
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Design for Quality
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Six Sigma

• There is a direct correlation between the number of 
product defects, wasted operating costs, and the 
level of customer satisfaction.

• The Six Sigma measures the capability of the 
process to perform defect-free work.
– DFQ Objective: defects per unit

• Component

• Piece of Material

• Line of Code

• Administrative form

• Time Frame

• Distance

Single critical-to-quality (CTQ) characteristic
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Cp

• 𝐶𝑝 ≡ Capability index or Concurrent Engineering 

Index: Design / Manufacturing

– 𝐶𝑝 =
𝑆𝑝𝑒𝑐 𝐿𝑖𝑚𝑖𝑡𝑠

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐶𝑎𝑝𝑎𝑏𝑖𝑙𝑖𝑡𝑦
=

𝑈𝑆𝐿−𝐿𝑆𝐿

±𝑎𝜎

• Automotive: 𝐶𝑝 = 1.33

- Crankshaft

- Diameter ≈ 2" ± 0.0003“
- ⇒ 𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐶𝑎𝑝𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 0.00025“

Ford motor company 305 BOSS:

Rod and main bores manufacturing tolerances 

±.0003”.

⇒ 𝜎 =
𝑇

𝑎𝐶𝑝
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Cp

• 𝐶𝑝 ≡ Capability index or Concurrent Engineering 

Index: Design / Manufacturing

– 𝐶𝑝 =
𝑆𝑝𝑒𝑐 𝐿𝑖𝑚𝑖𝑡𝑠

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐶𝑎𝑝𝑎𝑏𝑖𝑙𝑖𝑡𝑦
=

𝑈𝑆𝐿−𝐿𝑆𝐿

±𝑎𝜎

• Automotive: 𝐶𝑝 = 1.33
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Cpk

• 𝐶𝑝𝑘 ≡ Process capability index adjusted for 

centering

• 𝐶𝑝𝑘 = 𝐶𝑝(1 − 𝑘)

– 𝑘 ≡ ratio of the amount the center has moved off 
target divided by the amount from the center to the 
nearest specification limit
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Some Statistical Quality measures
• 𝐶𝑝 =

𝑈−𝐿

6𝜎
, measure of the spread of the population about the average

• 𝐶𝑝𝑘 = min 𝐶𝑝𝑙 , 𝐶𝑝𝑢 , measure of both the location and spread of the 
population

– 𝐶𝑝𝑙 =
𝜇−𝐿

3𝜎

– 𝐶𝑝𝑢 =
𝑈−𝜇

3𝜎

• 𝐶𝑐 = max 𝐶𝑐𝑙 , 𝐶𝑐𝑢 , measure of the location of the average of the 
population form the target value

– 𝐶𝑐𝑙 =
𝜏−𝜇

𝜏−𝐿

– 𝐶𝑐𝑢 =
𝜇−𝜏

𝑈−𝜏

• 𝐶𝑝𝑚 =
𝑈−𝐿

6 𝜎2+ 𝜇−𝜏 2
, root-mean-square (RMS) deviation index (closely 

related to a Taguchi quadratic cost function)
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Six Sigma

Sigma Defects per Million Cost of Poor 
Quality

6 Sigma 3.4 <10% of sales World Class

5 Sigma 233 10-15% of sales

4 Sigma 6210 15-20% of sales Industry Average

3 Sigma 66,807 20-30% of sales

2 Sigma 308,537 30-40% of sales Noncompetitive

1 Sigma 690,000
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Fits
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Fits General
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Fits Shaft Driven
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Fits Hole Driven
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Fits ANSI
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Fits ISO
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Dimensioning

• Complete information about both size and shape
• Size: Dimensions

• Shape: Drawings (Usually orthographic)
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GD&T
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Definitions

• Maximum Material Condition (MMC)

– The dimension tolerance limit that produces a part 
that contains the most amount of material for that 
dimension.

• Least Material Condition (LMC)

– The dimension tolerance limit that produces a part 
that contains the least amount of material possible 
for that dimension.
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Definitions
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Tolerancing Fits

• Clearance

– Mating parts always have space or clearance when 
assembled

• Interference

– Mating parts always interfere when assembled

• Transition

– Mating parts will sometimes be interference and 
sometimes be clearance when assembled
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Why?
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Motivation

Design Intent

• External boundary 6.35 mm ± 0.025 mm “square”

• Hub inside diameter on “center” of the square within 

± 0.025 mm
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Linear Strategy
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Linear Strategy
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Linear Strategy

3.175 6.375-3.175=3.2
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Linear Strategy

3.15 6.375-3.15=3.225
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Linear Strategy

• ANSI: Rule #1 (Taylor Principle) - When only a size tolerance is specified for an 
individual feature of size the form of this feature shall not extend beyond a 
boundary (envelope) of perfect form at maximum material condition (MMC).

• ISO: Principle of Independence
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Linear Strategy

• Paragraph 2.7.3 of Y14.5 addresses the 
“relationship between individual features,” and 
states:

The limits of size do not control the orientation or 
location relationship between individual features. 
Features shown perpendicular, coaxial, or symmetrical 
to each other must be controlled for location or 
orientation to avoid incomplete drawing requirements.
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Full Geometric



ME 482 – Spring 2020 55/63A Trimble

Datum

6 DOF
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Theory Vs Reality

Axis

Plane
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Datums and Design Intent
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Datum Choices

A B

B A
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As built
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Datum Intent

A

B

B

A
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Some Controls
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Flatness
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Circularity
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Location
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4 Pin Example
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Tolerance Zone
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4 Pin Example
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4 Pin Example
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4 Pin Example
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4 Pin Example Summary


