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OUTLINE 
ÅKinematic Coupling Overview 

ÅHertz Contact Review 

ÅTypes 
ïStandard 

ïCanoe (High Load) 

ïCompliant 

ïThree Tooth 

ÅCase Studies 
ïServo Controlled 

ïFord (DuratecTM) QKC 

ÅElastic Averaging 
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Review of Coupling Methods 
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Kinematic Coupling Overview  
ÅWhen a component is constrained by a number 

of points equal to the number of degrees of 
freedom, it is said to be exactly constrained. 
ï# Points of Contact = # Degrees of Freedom 

Constrained 

ÅLow-Medium Force Precision Applications 
ÅDo Not Allow Sealing Contact 
ÅModerate Stiffness 
ÅModerate Cost 
ÅExcellent repeatability  
ï1/4 micron common 
ïOn order of surface Finish 
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Key Hertz Relations 
ÅContact Pressure is proportional to: 
ïForce to the 1/3rd power 
ïRadius to the ς2/3rd power 
ïModulus to the 2/3rd power 

ÅDeflection is proportional to: 
ïForce to the 2/3rd power 
ïRadius to the ς1/3rd power 
ïModulus to the ς2/3rd power 

ÅContact ellipse diameter is proportional to: 
ïForce to the 1/3rd power 
ïRadius to the 1/3rd power 
ïModulus to the ς1/3rd power 

ÅCAREFUL TO NOT ALLOW THE CONTACT ELLIPSE TO BE 
WITHIN ONE DIAMETER OF THE EDGE OF A SURFACE! 
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Standard KC 
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Canoe-Ball Kinematic Interface for 
High Load Applications 

Å¢ƘŜ ά/ŀƴƻŜ .ŀƭƭέ ǎƘŀǇŜ 
acts like a 1m diam ball 

Å100 times the stiffness 
ϧ ƭƻŀŘ ƻŦ ƴƻǊƳŀƭ мέ ōŀƭƭ 

Å10 times load capacity 
of crowned cone 

ÅLarge Shallow Hertzian 
zone (very repeatable) 

ÅUS Patent 5,711,647 
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Compliant Kinematic Couplings 

ÅClamping Load/Friction/Mated Surface 

ÅJoint Location 

ÅCompliant Members 

ÅKinematic Interface 
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Compliant Kinematic Couplings 
ÅCharacteristics 
ïLow Cost 

ïSmall ς Medium Stroke 

ïPrecision 5 ς 10 um 

ÅApplications/Process 
ïAssembly Lines 

ïStamping, Forging, Forming 
Equipment Die Alignment 

ïSemiconductor Manufacturing 
Equipment 

ïCasting Dies 

ÅCost 
ï$10 ς 200  
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Compliant Kinematic Couplings 

ÅCharacteristics 

ïMedium Cost 

ïLong Stroke 

ïPrecision 2.5 um 

ÅApplications/Process 

ïAssembly Lines 

ïCasting 

ïFixtures 

ÅCost 

ï$2000  
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Three Tooth 
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ÅSemi-kinematic 

Å6 point mating 

Å3-5 micron repeatability 

ÅLayton Hale (LLNL) added 
crowns to 1 set teeth yielding 
1 micron repeatability 



Precision Engineering 
Research Group 

Wafer Transport 
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Ford 2.3 L V-6 DuratecTM 
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Quasi Kinematic Couplings (QKCs) 
ÅWhat is a QKC & why is it 

important 
ïAttain Sub-Micron 

Repeatability 
ïUse Less Restrictive 

Tolerances 
ïHave More Flexibility in 

Assigning  
   Precision Tolerances 

Å Impact 
ïBetter Precision At Lower 

Cost 
ïExtension of Practical HVM 

Precision 
ïEliminate Precision Pinned 

Joints (0.5 -10 microns) 
ïReduce Number of Parts 
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QKCs Physical Components 
ÅArc Contact 

ÅSub-micron Precision 

ÅStiffness Increase 

ÅSealing Contact 
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