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Fundamental Concepts in:Precision Design - .

m  Does it contain the correct number of kinematic
constraints?

m  Where are the metrology and force loops and how are
they shared?

m  Are there any heat sources and, if so, what are their
likely effects?

m |s the design symmetrical and are the alignment
principles obeyed?

m  What other source of error are likely to be encountered
and can they be reduced by using compensation or
nulling?
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Basic point constraints e,

m  Asingle degree of freedom constraint provided by a sphere on a

flat. The freedoms of the Cartesian coordinate system are also
shown.
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Two lemmas S .

m  Any unconstrained rigid body has six degrees of
freedom.

m  The number of contact points between any two
perfectly rigid bodies is equal to the number of their
mutual constraints.
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Number of contact points- .

= |dealized kinematic
constraints
two balls rigidly
connected and
resting on aflat

aballin avee
grove

asingle ball in a
trihedral hole
two balls rigid by
attached with
one resting in a

groove and the o ] -
other on aflat
three rigidly
attached balls on
aflat
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Trihedral contacts . 82
m  Methods for achieving trihedral contacts

& -

[

Idealized constraint geemetries ;
= |dealized constraint geometries for the contact of rigidly connected
spheres on a combination of flats, grooves and trihedral holes

Const- | Configuration
raints

il Ball on flat

2 Link on flat

Ball in groove

3 Ball in trihedral hole

Link with one ball in groove and other on flat

Three links of balls suitably distributed on a flat

4 Link with one ball in trihedral hole and the other on a flat
Link with two balls both in a vee groove

Link of three balls with two on a flat and one in a groove
Link of four balls suitably distributed on two inclined flats

5 Link of two balls with one in a trihedral hole and the other in a vee groove
Link of three balls with two in vee grooves and one on a flat

Link of four balls with one in a vee grooves and three on a flat

Link of five balls suitably distributed on two inclined flats
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Single degree of freedomymovement v Screw and diameter measuring instrument
= Asingle degree of freedom movement consisting of five point m schematic
contacts on a straight prismatic vee slide diagram
x [ representi
g ng two
orthogonal
_ﬁ views of a
- screw and
- diameter
i "! measuring
[ instrument
u
x
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Klnematlc clamps 4 oy Rotary _mOtIOI’] - 4 P
& T & = Kinematic representation of a system having five constraints
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m A variety of rolling element bearings and their respective freedom
axes
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Measurement and force loop

m  Schematic diagram of a simple surface measuring
instrument

Simple surface measurj@--instru ment

= An alternative design for the simple surface measuring

instrument
=
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Abbe offset S S I
= Measuring displacement with an Abbe offset s ULM600
[ ¥ 0 600mm
! - 1 460
] mm
— — R 0.05 um
SR ™ -
0.15 pm
0.2 +
d,(1—cos@ .
80: 0( )—asm9 L mm /1000 pm
cosd
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Abbe's Principle T s LR Nulling: T

= When measuring the displacement of a specified point,
it is not sufficient to have the axis of the probe parallel
to the direction of motion, the axis should also be
aligned with (pass through) the point.

m Ernst Abbe, 1840 1905
founder of the Carl Zeiss
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m  Scanning tunneling microscope
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Mechanical compensation
R
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m  Examples of constant frequency oscillators for clocks
and watches; a) constant inertia, b) constant length

m  Piezoelectric actuator with inbuilt capacitance position
sensing (reproduced with kind permission of
= Queensgate Instruments)
i [
mplicullis,
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Piezoelectric actuator : .

L]

Reversal Method o

m  Error inversion method

Nanohardness instrument: Lt ER
m  Schematic representation of proposed nanohardness
instrument. The hatched sections carry the high
tabilit g
- - stability o
Riat
L ;—-I —
Tllnismnlinler
S1(x) = R(X) +1(x)
SZ(X): R(X)—t(X) 2 el Ll
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Abbe Principle

complying with the Abbe principle

= An alternative layout for the instrument, better
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Flexure Design for Positioning and Control

= Asimple flexure design
m  The pros and cons of flexure design
The advantages of flexures
The disadvantages of flexures
m  Linear spring mechanisms
Simple and compound leaf spring mechanisms
Notch type spring mechanisms
Kinematic analysis of linear spring mechanisms
Additional considerations with compound spring designs
= Angular motion flexures
= Dynamic characteristics of flexure mechanisms
= Case studies
X-ray interferometry
The measurement of friction between a diamond stylus and specimen
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A Simple Cantilever Beam
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Deflection of a cantilever beam
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Simple leaf type linear spring

m  Simple leaf type linear spring; schematic representation
of flexure distortion shown in side view

L
s=—
2
gend =0
owe
12ElI
2005/4/25 27 2005/4/25 28
Compound linear spring.. Notch hinge

" -
m  Compound linear spring; schematic representation of
the mode of distortion
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Notch type compound linear spring Leaf type double compound rectilinear

‘ spring
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Slaved compound rectilinear spring 1.7 Advantages of flexures

m They are wear free.
m  Flexures can be manufactured from a single piece of

material.
m  Displacements are smooth and continuous at all levels.
] m Insensitive to bulk temperature changes and to
temperature gradients in some planes
e m Displacements can be accurately predicted.

m  Failure mechanisms due to fatigue or overloading can
be easily detected.
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Disadvantages of flexures 7
m The force for a given deflection is dependent upon the
elastic modulus of the flexure.
m  There will be hysteresis due to dislocation movement in
most materials.
m  Flexures are restricted to small displacements.
= Out of plane stiffness tends to be relatively low.
m  They cannot tolerate large loads.
= Unless precautions are taken, accidental overloads can g ; 5
lead to fatigue. - . .
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Traceaf_{_a-le Nanometrolggg‘ b T 5

m  Advances in traceable nanometrology at the National
Physical Laboratory

= NPL (www.npl.co.uk) 1900

The National Physical Laboratory is the United Kingdom’s
national standards laboratory. From the supermarket to the
hospital, from manufacturing to information technology,
accurate measurement is essential to a civilised way of life.
The work of the NPL as the UK authority for physical
measurement standards and metrology (the science of
measurement) is therefore vital to us all.
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NanoSurf IV
Metrological
AFM
Combined
optical and x-
ray
interferometer
(COXI)
Small-scale
CMM

Figure 1, Renge of ibe insiramenis med 2l NPL (the scale b in
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NanoSurf IV

1.3 nm

Figure 1. Schematic dugram of ManoSurf [V
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Metrological AMF

= AFM

DOF
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Small-scale CMM

s SCMM
CMM
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50 mm x 50 mm x 50

mm
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50 nm

6DOF
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