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@ What 1s Precision Engineering?

SMEAS

Precision Engineering is defined as painstaking (5 )
attention to detail and requires knowledge of a wide variety
of measurement, fabrication, and control 1ssues.

Increasing the precision--the accuracy and repeatability--of a
mechanism or process 1s critical to our country's competitive
position 1n the world of high technology.

Professor McKeown, Cranfield University, UK

National Taiwan University Mechanical Engineering Precision Metrology Lab.
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@ Prediction of Accuracy Limits by Taniguchi in 1980
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The Eleven Principles and Techniques for the Design of High Precision
Machines (McKeown, 1986)

1. Structure: symmetry; dynamic stiff; high damping; secular
stability; thermal stability; independent of foundation; seismic
isolation

2. Kinematic/Semi-Kinematic Design: rigid body kinematics;
three point support

3. Abbé¢ Principle (or options)

4. “Direct sensing” Displacement Transducers: scale or laser
interferometer

5. Metrology Frames: 1solate measuring system from force paths
and machine distortion

6. Bearings: high accuracy; high averaging/low rumble; low
thermal effects; low limiting friction; high damping

National Taiwan University Mechanical Engineering Precision Metrology Lab.



10.

11.

Drives/Carriages: through axes of reaction; “non-influencing”
couplings and clamps

Thermal Effects: eliminate/minimise thermal inputs and drift;
stabilisation/compensation

Servo-Drives and Control (CNC): high
stiffness/response/response/bandwidth; zero following errors;
dynamic position-loop synchronisation

Error Budgeting: (1) geometrlcal angular stralghtness and

Of Lhuguual CITOT 1 10t10
deformations

Error Compensation: linear; planar; volumetric; quasi-static
and dynamic

National Taiwan University Mechanical Engineering Precision Metrology Lab.
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@ Rotational angle affected by the spindle tilt

SMEAS

Measuring plane: encoder position

o Th o 1 . t .
Functional plane: Table top € measuring piane 1s not in

line with the functional plane

Q1: what is amount of (0 — 0’) if there is a spindle tilt of g,
in pitch

Q2: what is the angular error if the spindle tilt in roll of &

Q3: what is the overall error if both ¢, and & ; exist?

_____ I_. _I.:zl. ._I_._._._ -

h
"~ encoder
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H9Y 0 Zencoder®ri¥z *# & ~RLdE 5 X
AL & o

T E
B 7 v

’::I

A4
"\
v

National Taiwan University

Mechanical Engineering

Malarig 2 el 4 REL T AR S
EFFE£R2Z0 - O
d TRBEEIE S EAEEE L
Z 2 B %
-1 R=inf
;o = tan
it LI' Boogbr=g
, —1 RsinB

D=0 a =8 ta Rrozfi+e

6 _ tEII'l_1 Reinf

RroosBr+Ll oo

sLiencoder® #4452 ¢ st ~e L8 52

S Y RYEER "3 3 P

B2 & BB €¥encodere fp 2D 4%

Precision Metrology Lab.



VMEAS

|||||
‘\“
-

— ) - —

lllllll
-~
~

Precision Metrology Lab.

Mechanical Engineering

National Taiwan University



VMEAS

National Taiwan University Mechanical Engineering Precision Metrology Lab.



VMEAS

National Taiwan University Mechanical Engineering Precision Metrology Lab.



VMEAS

National Taiwan University Mechanical Engineering Precision Metrology Lab.



VMEAS

Precision Metrology Lab.

Mechanical Engineering

National Taiwan University



7 ¥ 5 4 R AL (1)

VMEAS

0z

. BALauE R 7 S B
Z-spindle- Ox

Measuring point ...~ > 2 2 ) X
5 R iR AL
Work table ORI ey ‘_ St?ale
Reader
head
— T Guideway
Ballscrew
o R ;
- 1 & R 7
i
".‘ . _)L N > Y y 2 VS Bv_
|
“.l Spindle TR i ﬁf’?#jﬁ” g
b
X-cmd is 4 3 e = ~
Position Velocity A =k j‘ Vs !: # =
controller [ controller "5 Cutter or probe ,E-z .:_r'_ - - F] e ,EI ) | L‘l’-—FP E
— 4
=
|
X fdb

PR BRI s RO, R Rlph R BBl - phs L, & H
SPGB R E - L)

National Taiwan University Mechanical Engineering Precisicn-Metrology Lab.



7 P B R B 4 e

i Abbé offset
error 2.4 um

Moving stage

Wo rk-piece\ |
3]
|

Linear encoder

rFy
Offset QOO0
&
= e ]
Linear encoder feedback
Work-piece Plane Laser Laser
P mirror beams interferometer
\ /
No offset * - I P ———

"&i

OO O

Laser interferometer position feedback

National Taiwan University

Mechanical Engineering

Collimated UV

Reticle Stage
Mirrors

--------

Wafer Stage
Mirrors

Laser Head

Measurement "‘“—-————___7/‘
Beams

Precision Metrology Lab.



¥ w2 o RME (2)

HP5529

-

HP a4

HP R i

[

National Taiwan University

[&] Mechmlc&?ng@eﬁg

Precisi411\/letrol% Lab.




National Taiwan University Mechanical Engineering Precision Metrology Lab.



, B R A A AR (B 0 A
VMEAS
WEALMBRRAT P AL TP ALES KRR

(5 RIL:» LT 7 27)

bl— S EHLE SRR DR

National Taiwan University Mechanical Engineering Precision Metrology Lab.




AARAL At & REL
fed-® 3 :

QPD-2

Guideway QPD‘I
Dial indicator
Extension arm
Magnetic
Guideway stand

Linear
guideway

i & #* X2 R P (Bryan Principle)
Bryan Principle: & & & & B|FF $3 hE R AR AT BB A

National Taiwan University Mechanical Engineering Precision Metrology Lab.



Light beam 1
ezt

Four-guadrant photodiobe

Direction of
displacement

TR dhR & 4§ R H B AR B

National Taiwan University Mechanical Engineering Precision Metrology Lab.



69 b =3 ST 7R

SMEAS

3 B, TFAR EERRE KR

GBI E & RE T R

:

|

I

I

|

240k
. DVD
Pentagon prism Knife edge

Guide way  Slider E
1
' trrrr
Guide way Guide way i -E E
by
Laser Diode
(LD) ,[Yﬁh
Xih |
(,:I':'.
\

I

Pentagon
Prism

National Taiwan University Mechanical Engineering Precision Metrology Lab.

QPD

LD

---------- S—-—



2 BT TR S e o LA

WO R AR
T pldhe TR A 4P £ 80 umre

5X(X):—Y XEZ(X) Y: gk B ¢ e by i

€z (x): )}% # P ciiYaw error

PR KR
ok ;Lt]:‘gr'ﬁ:;_{,. Wi s &
)ibti.l }ilﬂ‘z%ﬁ_ﬁ_

e AL 3

WL 7R R A &Y

National Taiwan University Mechanical Engineering Precision Metrology Lab.



VMEAS

HP5529 . |
—
HPade  HPA M —
Y v
L ]

]

@ FED B E A RaYaw & B

National Taiwan University Mechanical Engineering Precision Metrology Lab.



VMEAS

PC-NC X.Y.Z - . Machining
»| NC controller Machine tool p—»

A

program

F

3-axis positional sensor |«

o
II__F
\
!
[
' l Spindle
X-cmd Position Veloci i"
e > v t| §|Cutter or probe
'y controller controller
L
—
L
X Afdb

National Taiwan University Mechanical Engineering Precision Metrology Lab.



— E' ) B’_ > A e
@ Bl =9 25 52008 b
SMEAS
PC-NC X.Y.Z ¥ oonfrallor | v I\-*Iiclumug
program [~ v ACliie e
o iy gl T
3-axis positional sensor  [e———
)
y
i
i
[
"-_.l Spindle
|
X-cmd Position Velocity "‘ Cutter or probe
ry controller controller i
-
L
XAdb

TELRPEL L
BpBE R v A4 1 BLYn 4 A I AR D



VMEAS

yohe —"'X‘ i NC controll Machine tool Machining
5l . - | " {_
Program ' controller > : |
r—- bl 1 Pitch
i «— 3-axi1s position sensor Yaw
Abbe error Roll
I | compensation | - — — — — — — — — — — -
l . :
I P <«— 3-axusangle sensor e |
[ l

LRA: S EH A RRRIE L LA E

National Taiwan University Mechanical Engineering Precision Metrology Lab.



7 P B SE LA O B

Z A BROPIE

Reflective mirror

Corner cube reflector

Pitch Yaw Autocollimator

National Taiwan University Mechanical Engineering Precision Metrology Lab.




@ Experiment of Z-Offset Effect on Y axis
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