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Review of Coupling Methods
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Kinematic Coupling Overview

A When a component is constrained by a number
of points equal to the number of degrees of
freedom, It Is said to be exactly constrained

I # Points of Contact = # Degrees of Freedom
Constrained

A Low-Medium Force Precision Applications
A Do Not Allow Sealing Contact
A Moderate Stiffness

A Moderate Cost

A Excellent repeatability
I 1/4 micron common
I On order of surface Finish
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Key Hertz Relations

A Contact Pressure is proportional to:
i Force to the 1/3 power
i Radius to the2/3" power
i Modulus to the 2/3 power
A Deflection is proportional to:
i Force to the 2/8 power
i Radius to theg1/3" power
i Modulus to the¢2/3™ power
A Contact ellipse diameter is proportional to:
i Force to the 1/8 power
i Radius to the 1/3 power
i Modulus to the¢1/3" power

A CAREFUL TO NOT ALLOW THE CONTACT ELLIPSE
WITHIN ONE DIAMETER OF THE EDGE OF A SURF

Precision Engineering I N - m::f:tc:z?eus
Research Group II Technology



"\ Precision Engineering
"ﬂg Y Research Group

Standard KC

—@ Equivalent ball diameter (Dbeq)

Bdlb’Groove 1
. Instant center 1,2 ; Instant center 1, 3 |

Coupling
Triangle
7\ Coupling

\ Diameter

Coupling
Ball/ Centroid

Groove 2

Ball/

Groove 3

60.0°!

Plam.s contfumna
contact force
vectors

Instant
|/ center 2,3

© 2013 MIT PERG

l - Massachusetts
Institute of
Technology



CanoeBall Kinematic Interface for
High Load Applications

ACKS da/ ly2S L f f ¢ AKI 1.1]
acts like a 1ndiamball

A 100 times the stiffness
g t2FIR 2F VY

A 10 times load capacity
of crowned cone

A Large Shallowertzian
zone (very repeatable)

A US Patent 5,711,647
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Compliant Kinematic Couplings

Not Flexed

Flexed

A Clamping Load/Friction/Mated Surface
A Joint Location

A Compliant Members

A Kinematic Interface
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Compliant Kinematic Couplings

A Characteristics
I Low Cost
I Smallc Medium Stroke
I Precision & 10 um

A Applications/Process
I Assembly Lines

I Stamping, Forging, Forming
Equipment Die Alignment

I Semiconductor Manufacturing
Equipment

I Casting Dies
A Cost
i $10¢ 200
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Compliant Kinematic Couplings

A Characteristics
I Medium Cost
I Long Stroke
I Precision 2.5 um

A Applications/Process
I Assembly Lines
| Casting
N 72 2N _\ I Fixtures
N5 AN A Cost
[ia*"f//\ “ 1 $2000
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Three Tooth

Semikinematic
6 point mating
3-5 micron repeatabllity

Layton Hale (LLNL) added
crowns to 1 set teeth yielding
1 micron repeatability
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Wafer Transport

* How to precisely locate a plastic wafer carrying structure (FOUP) on a tool, so a robot can
precisely load/unload wafers?
» Exactly constrain it of course with an interface that contacts the FOUP at 6 unique points!
* Success requires management of contact stresses, and standards upon which manufacturers agree
» SEMI E57-1296 kinematic coupling standard for wafer transport pods

Kinematic coupling Base of the FOUP

pins on loadport based
on SEMI E57 standard

300mm Wafer carrier
(FOUP) precisely
positioned on kinematic
coupling pins on loadport

Production equipment
loadports based on
SEMI E15.1 standard

‘—-’ Mating kinematic coupling grooves on

the FOUP, permitting precise alignment
on load ports, so robots can precisely
access 300 mm wafers
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COMPONENTS

Ford 2.3 L A6 Duratec™

Block Bedplate
ASSEMBLY ERROR
Assembly Bolts 5, MAX = 5 microns
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Quasl Kinematic Coupling9KC¥

A What is a QKC & why is it
Important

i Attain SubMicron
Repeatability

I Use Less Restrictive
Tolerances

I Have More Flexibility in
Assigning
Precision Tolerances
A Impact

I Better Precision At Lower
Cost

I Extension of Practical HVYM
Precision

I Eliminate Precision Pinned
Joints (0.510 microns)

I Reduce Number of Parts
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QKC&Physmal Components

A Arc Contact ]

1 \/ Spherical
A Submicron PreC|S|on Protrusion

A Stiffness Increase/ < \ "\ JGroove Seat
\ \@K

A Sealing Contact side
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