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[ Concep u‘ﬂ‘#‘tural configurations fo cMhe tools
and measu# achines

[ Structural Deﬁ%@é]uirement%-
0 Structural Configurétn

[ Other Structural Syste e.rations
O Summary

O
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( ; Structural Configurations S
O The stru@orovides the means by@l‘*@ll
componen ought together.
It is important t mize therm%gg elastic structural
loops.

s e
O Extreme care must be é ‘) namic performance.

[ Metrology frames and méf techniques can be used
to compensate for s \@t K ral deformation errors.

It pays to make th gn as 5099 possible before
advanced techhi are applied.

7 Next inde@& . @»

O
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(; Structural Configurations S

W Beware echnology you are usi IS It time to

move to a dvanced technology?!
[ Since the struc deflned at arllest stage (the
stick figure conce electlon critical.

[ Once the design detall Jits hard to change the
shape of the machlne

@
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[ Accura

[ Stiffness ‘}/)' S
/ Static stiffn%

e NS
_ DimDpyi:ZmIC stiffne é@ )
7 Thermal expansion \\Q .
S Y,
N <
J %
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SC:;ess Requirements: Static Stiffnss‘s
O Engineeq@monly ask “how stiff s d\it be?”
O A minimuntspédified static stiffness is auseful but not
sufficient specificatign. %.
[ Static stiffness an %in ust be specified.

[ Static stiffness requir t n be predicted.

J Damping can be speci esigned into a machine.
RN ‘?%O
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Sti s Requirements: Dynamic Stiffsess

O Dynamic,@"fpgss Is a necessary and ickent

specificati j‘
[ Dynamic stiffn
~ Stiffness of théﬁ sur d using an
excitation force WI ncy equal to the
damped natural fre cyQf the structure.
[ Dynamic stlffness C n aid to be equal to the
static stiffness diw y the am Iication (Q) at

resonance. ‘\%
'& . a‘
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Sti s Requirements: Dynamic Stiffsess
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C ; Damping Requirements S

 Material Mpnt damping factors are$ t to predict
and are to yway

[ For high speed h accurac hines:

~ Damping mech ms m
structure in order t

t beXlesigned into the
alistic damping levels.

[ The damped natural fre
which maximum amgk

nd the frequency at
ccurs are

Wy = m l m%mk
[ The ampllflcat he damped niuralgrequency and

the peak frea%H y can thus be show
p

Hk— = mm ~
Pm 2€ ]_ KMMWC 2
ofades o
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Damping Requirements

 For unit@r less, { must be grea %0.707.
n

[ Cast iron & a damping factor of 0%0015.
[ Epoxy granite ve a dampi or of 0.01-0.05

[ All the stuff bolted truefure (e.g., slides on
bearings) helps to da e tem. To achieve more
damping, a tuned mass or a shear damper

should be used. @
MRS
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(zfects of Changing System Mas;
A Addina pésk &‘b‘
H{w) ‘})‘
Z
2.0
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( ; Effects of Adding Stiffness S
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( ; Effects of Adding Damping S
H(w) % . &Cb&
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C ; Damping Requirements S

[ Passive d'} &
~ Materi qﬁ‘ INnt- |.|sI|p dampi g
4 Constralne S, tuned m mpers.

[ Active é
~ Servo-controlled d
[ Hybrid

[ Semi-active
~ Semi-active C Iled damp

S
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C ; Thermal Expansion S

W Passive@ature control:

~ Minimi isolate heat sources.

~ Minimize c tof thern'ﬂégpansmn

~ Maximize ther Ifsi

~ Insulate critical cod

~ Use indirect Ilghtl

<~ Use PVC curt |e the achine from

infrared sou
[ Active temper ﬁ‘g@ontrol ° ¢
e g
= %

,% dhwang@cqu.edu.cn
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( ; Thermal Expansion S
[ Passive rature control: 4$%
J Active tem e@r'e control:
~ Air shower %'
~ Circulating tem gf( e trofled fluid.

X .
& e
N <
J %
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( ; Structural Configurations S
. Commo‘?@guraﬂons include: &‘b
Z Open f n@? G type).

~ Closed fra rtal type).
[ New configuration
~ Spherical (NIST's 1\5
~ Tetrahedral (Lmd orm).
~ Ingersoll M|II| ne ,oct edral hexapod

(Stewart platf

~ Cube stru \e Hexel Corpora‘uo%gxapod)

[ Other majo uctural components

J Conn i etween elements C?O
ok ’% §
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(; Structural Configurations S

[ Other m 'e,}uctural components ir@ :
~ Ccomp curvatures.
4 Counterwel

[ Connectivity bet 871 must also be
considered:

<~ Kinematic de5|gn
~ Elastically avera eS|

é&\% - ¢
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Open Frame Structures
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Closed Frame Structures

A Moderateiyo
.. S ek

erately strong
sthuctural loop (like a
Mmicrometer!).

Primary/follower
actuator often required
f e bridge.

\\\\\\\\\

O ler to obtain

comm enters of
Q% mass, &ess, friction
PILab *%%‘%g%ﬁﬁ dhwang@cqu.edu.cn § 2 E:
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Tetrahedral Structures

with kinematic
d motor (not shown}

N Damping beams

High viscosity oil
interface

Spindie block

Solid fitn bearing
interface

Vee slideway with kinematical
supported carriage
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Q;tahedral Hexapod Configuratios
[ Ingersol g Machine's Octahedra@%od
(enclosed Gtéy?a tplatform):
[ Hexapod Struc &—\ Surgical Applicati
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Ocz Structural System Consideratigs
) Compen@curvatures &‘b‘
3 Counterw f@'
[ Foundation su;@ %.

[ Vibration isolation .
3 Structural connectivityé
[ Precision finishing op

N
R %60
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( ; Foundation Support S

O If the fo n under the machine |j$%an
Isolated sI
4 Nelghborln@ Ines can V|brat|on In your
machine.
O If the machine sits on é int mount, then the

stability of the floor |s
<~ BUT many conta floor increase damping!

© »QQO ?a

Pl
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( ; Foundation Support S

O If them rests on more than thr WS, then
movement floor can deform the chine:

# The use of soft" mouu%én reduce these
effects. /

[ Concrete is hydrophili n'ges shape as it
absorbs water, so it m aled.

[ A deep foundation's ho be relatively isothermal,
while the top In aiqo hange'te rature.
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C ; Vibration Isolation S
A precis@chine must often be mosgtes™on
vibration | @o minimize vertical horizontal

vibration trans from the%.
O The isolators sh I)é” laced in the plane of the work
to minimize roll-acce eg eCts.

~ This often requires

# A good example :
%

N <
~ %
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Vibration Isolation

H Passiv@cbU
[ Active: Servo-controlled

d s

emp-active: Semi-active
(]
ntrolled dampers

Research Grade Optical &: o
The Vibration damper ( er) is an elas er-based system that
limits and damps th of a table supported -2000 vibration

ators/Ithrges VW QB e¥ies%253Cbr%253EVibration+Dam| our./id.4385/

dhwang@cqu.edu.cn
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Isolators. 4%)
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( ; Summary (1/4) S
[ After a ration is chosen from &%nceptual
designs, a tmple rules of thumb to“ollow include:

P
~ Keep the pl@' ons of the m rectangle in
mind. /
= This usually yie urally stiff and
aesthetically ple signs.

A

RS
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( ; Summary (2/4) S
S

[ After a ration is chosen from 9% nceptual
designs, a tmple rules of thumb to“ollow include:

~ Keep the pl@' ons of the m rectangle in

mind. /

= This usually yie urally stiff and
aesthetically ple signs.

< Utilize symmetry wme ossible.
= Asymmetri ctures bfﬁave internal
gradienf‘s\ h are an indigator gf potential
probl% é‘
R ‘?«ga
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( ; Summary (3/4) S

W I\/Iinimlz ructural loop and use ections

whenever

~ Rememb %nciple beh@e strength and
stiffness of a (G'é
= Also remember& %

near the neutral ax4s,
tﬁ be stiffened with ribs or

~ Large plate sectlgg}ogw

other means t them frop#vibrating like

r'strains are greatest

drumheads:

= Whe @Qg use active dampu%ystems

Z I\/IammrQ"I e thermal diffusivity of e(?achlne and
eat input.
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( ; Summary (4/4) S

[ Start at | tip or workplace with es of
cutting fore€s acceleration require

<~ Work back rough the grxgtural system and
determine forc n members.

d moment
~# Use guesstimates 6 bearlng and actuator
limitations to help tural components.

[ Locate the work voI enter of mass and in the
plane of support °

&\% |
?® [p

AR
*Fr gna
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