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Abbe’s Principle

[ In the Ia@s, Dr. Ernst Abbe (184 and Dr.

Carl Zeiss 888) worked togethe create one of
the world’s for &precision opties companies (Carl

Zeiss, Inc. W)
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Abbe’s Principle

3 The Abb@@Eciple (Abbe’s errors) re %om

observati @ut measurement erro
Z “If errors in ax are to ba%ded, the
measuring sys st be pla®ded coaxially with the

axis along which t)&' 1@ ément is to be

measured on the workniece.”

E. Abbe, Journal foy@&%\ental Information® Vomw%—& 1890.
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( ; Series Layout S
o, >

A,=d—d =d(1- c%& &
Ex: If d=100 ﬁxq) 6 ,then A, _45x¢m’n
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Abbe Length Measuri
Universal Length M%%
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( ; Parallel Layout S

1 A meas S}t error that results whe eré IS an
angular mi wﬁ ent between the des line of
measurement actual linecohmeasurement.
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Locating Components (1/2)

B Geometq’%gular errors are ampllf@/%e distance
from the s

~ Measure n @» source, an we the bearings

and actuatorn work!
1 Thermal: Temperatureg er to measure further
from the source

~ Measure near the,imc
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( ; Locating Components (2/2) S

B Thinking@be errors, the system FRg (Function
Requirem s)?a powerful catalyst to"aelp develop

DPs (Design P rs), wheredogation of motion axes
IS depicted sch ' g

~ EX:. Stick figures w tndicating motions are
a powerful simple me depicting strategy or
concepts.

4
[} & E
: “/ /—’ /\.
f J< o i > / \+—7 e : ‘ f ] é ” !

e

V.

Eﬁ\igéﬁﬁg dhwang@cqu.edu.cn

E Yo =)
*F! O8]
Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

Cascading Errors

3 A small ao@;ﬁr deflection in one part %chine
S

quickly gr {?subsequent layers o chine are
it

stacked uponii 60» %.
1 Designs must con Zf not only limear deflections, but
& dlting Abbe Errors...

angular deflections an

S~

. f—
Motion of a column as @

and deflects the g
which 1t rides
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( ; Cosine and Sine Errors S

3 When a lar error is amplified by agistance, to
create an o?,a machine’s position,for example, the
strict definitio

&Oh error is a g’nio; cosine error
1 Cosine errors ha ch less effedt than Abbe errors,

' 'c,’ularly in large system.

but they are still impor

N
— . %
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Abbe’s Principle

[ The Ab C|ple emphasizes the sigRl 'g:bﬁce of sine
errors in a rement system.

1 In the context 0 the conc @ changing angle
(or angular moti

3 In addition, a sine erro ude a constant angular
misalignment common d to as a squareness
error.

@

PIL *%’szni g dhwang@cqu.edu.cn
a nd Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

C ; Abbe’s Principle S
1 Usually @ersignificame IS the cosine'error, which
occurs wh y?e distance measurementsand the scale
are not parallel./ osine func]jo%is. second order for
small angles w}%ﬂne functi s first order.
Typically, the constant ‘
significant for a cosineerjg

ear error caused by the

7 In other words, you w@t
combination of a rlying an r error and a
dimensional ofjsg ween the being measured

and the meas

vice. o
3 Abbe offse the consequential errda’s‘ulting are
pervaz’v Nnall'kinds of instruments and é ipment.
EE TR
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C ; Abbe’s Principle S

J Be awar@be s error, attempt to @‘k‘é it, or

compensa

[ Suggestions fr Q%
~ Functional poi In lile with the

measuring line
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ases Contravening Abbe’s Princi

0 To abide,{?lﬁbe’s Principle (Series @Will enlarge
e chite.
<oy

the size of @'rgth Measuring Ma

S
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ases Contravening Abbe’s Princi

1 Itis gen difficult or impossible t@ y Abbe’s

Principle f s of motion on am Ine without
Incurring additi xpense for ti.dimensional

Measuring Mac /
T é CMM: Coordinate
l Measuring Machines

Temperature Compensal
Al Function to Meet Use
Fleld Environment
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Ea;s Contravening Abbe’s Princig
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Es; Study: Universal Tool Microscge
J How to w@\ze Abbe’s Error throug@%
~ Layout of ays
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zs; Study: Universal Tool Microscge

‘} | | 1 How i 1ze
f‘ . Abbe’srror by

|
W ?&yout of Slideways
— Position of Linear
~ °  Scales (Sensors)
L RN —\ s A
HNs ? tx@ﬁﬁ@&%%@ﬁ“nm
| ‘7&7}7 . JUSIU, SHAXC B 43
L] wew ¢
A CHER) “

SRR AY RS BVE EAIERE 4 08, SIRNEREERZJRE(??)

PILab *%(% 2 = %ﬁ_@ dhwang@cqu.edu.cn

Precision and Intelligence Laborator y

[‘EEE S .
(2
MEBS: Y %E%ﬁﬁ%d 8K, %IEWI&%&%@?)



mailto:dhwang@cqu.edu.cn

Eo?tions of Linear Position Sensg

1 The sen ust be carefully integr@% the
system des«'&g& °

A There are two p/ igal options:éo
~ Fixed scale an Vipg read head, or vice versa
9

Z Inboard or Outboa

O
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ogations of Linear Position Sens

1 Inboard J}@ﬂng (b“

o
Cuthoard sensor ]nhmrdsctm()l?-cwam ol heat generated

location loaction Wrapddly recirculating balls Carriage table

‘t AN

\

Linear guide
(linear recirculating
ball bearing )

I

N

°
Sensor scale reference 0 Bearing rail reference
mounting edges mounting edges
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ogations of Linear Position Sens

m Outboar@lting

location [oaction

\ AN

A s

R

I

2t

o
Cutboard sensor ]nhmu'd::u:t\()licmu'c ol heat generated

rapgddly recirculating balls

>

A

Linear guide
(linear recirculating
ball bearing )

N

N
Sensor scale reference

mounting edges

N

Y 20 ER MBS E SR ES 2
P|Lah #eEH W
Precision and Intelligence Laboratory

o

g "o
Bearing rail reference

mounting edges

dhwang@cqu.edu.cn



mailto:dhwang@cqu.edu.cn

tions of Linear Position Sens

&%or at

%
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oz A
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Outboard o
=11]
sensor S
location =
2
G
@]
=
. o

5= lon &

o

Inboard
sensor
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tions of Linear Position Sens
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tions of Linear Position Sens

3 For a m g center table, place t@%‘bﬁead away

from the b
1 Place a heat sh tween the%@rew nut and the
scale.

Be wring block

BallscTew nut

R“\m‘ﬂgﬂ
l-

®
% : Sensor scale
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ogations of Linear Position Sens

3 For a Iatb?}[iage, one wants the sc c()h"e close to
€

the spindl

Grﬁ ne
S’f .
Too t{‘rmn ted
on a crossli °

Spindle

Linear encoder

11111111111
::::::::::::

. 9 - -
Linear bearings
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Eo?tions of Linear Position Sensg

1 Sensor ent causing a cosine er
7
1

Target

X .
O Alignment surfac%\gﬂchined in@other precision
surfaces (e.g. .@a gs) can thus be v%ry useful!!
Alexander H. S ms Precision Machine Design, e&':e Hall, Inc.,
1992 Q 0
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UniverEaI;Tool Microscope (19JA): é))\[l'ﬂﬁéﬁ‘]%&ﬁ%
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Unifeysal Tool Microscope: BEHpr R
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Unﬁ' e;sal Tool Microscope: *ﬁﬁﬁﬁ'i@ﬁ%
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( ; Outline g
>

1 Bryan’s sal &
3 Generalize ’s Principle
# Functional hould be i@,ﬂvith the
measuring line ¢/~
<~ Zero Angular Moti t I.ide
~ Compensating for Error

& %

N 2
J %
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Bryan’s Proposal

A “The di ent measuring syste %ﬁ?ﬂﬂﬁ?\?fﬁ)
should be i y?with the functional po™t whose

displacement i\ﬁfb measured%is IS not possible,
either the slide é t transfer displacement must
be free of angular moti ular motion data must
be used to calculate th ,{: quences of the offset.”

The path of the effective@pf a dispkacemgent measuring system

should be colinear wjth th of the fun&l point whose

displacementis to b N%Jred. o

J. B. Bryan, The &arinciple Revisited: An Up@mterpretaﬁon,

Precision En%@n ~Vol. 1, No. 3, 129-132, 1979. @
PlLah mesresedus %O

sion and Intelligence Laboratory
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Bryan’s Proposal

1 The keyy@ of Bryan’s this proposa lﬂbthe case,

when we c pensate the angular mation of the
measuring devi ertain har eto make it have
no angular moti compens the Abbe error by
software, should be omplying with the
Abbe’s principle.

1 The original Abbe’s P ' s modified by Bryan to
allow the use of n technigueg-to reduce the sine
error to an accep level eith

e controlll de to have zerbd awr motion or
Z by me g the angular motion a

&m pensating
fo l@ e error. 0
PILab *%QEHQ(H r ;%L b%tory dhwang@cqu.edu.cn § i.,:,:g
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Generalized Abbe’s Principle

B Exten3| bbe s Principle (the Ge %d Abbe’s
PrlnC|pIe)
4 FunctlonaI% should be@e with the
measuring lin
~ Zero angular motl f slide;

<~ Measuring the an
for the sine erroK

° % )

%&\QO &
N L
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( gro Angular Motion of the Slides
m E$,%l%(0 &‘b‘
[ Ex. Laser 2‘]@&%
e R

Q>
N
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ro Angular Motion of the Slide

7 EZI&EL\E!\EA%_{‘O‘P . &‘b‘

Atreratat Signal Conditior
Sensor System °
{-—. . 1N ~__—

Controller

BRI
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Power

Actugtor _
o Iver

L L Ll LS Jr Yl

PILab *ﬁﬁgﬁgﬁéﬁﬁﬁ dhwang@cqu.edu.cn @

Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

(gro Angular Motion of the Slides

1 Configu

| @
2

a\ B 8 VI I s

BRIELESSH

1
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)
e foedd
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ro Angular Motion of the Slide

EIDetaiIedv@@ atic &(b‘
‘ﬁj‘ ® |Laser Small

A—A
T TARGUlar ngular_ ngaI
s Motign of | TR easuring ditioning @
AN . > tem
A | e sfide,_| |NEE=
= T | T [Resd ¢
/iy \ Controller
\
N
S \ Power
N o iver
N
o a‘
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1 Sensor

/~ Laser S# ngluar Measurin Sys%n
[ Piezoelectric E nd Piezoele%ﬁ\ctuator

Electrodes Plezqelectrlc_
Ceramic Material

! I 2

S\
=

(?ro Angular Motion of the Slides

Fixed End

1 Controller@
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Laser Small Angluar Measuring System.ppt

ro Angular Motion of the Slide
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q;mpensating for the Abbe’s err;g

P ¥ N

DEppensteiﬂ’ér ciple S

~# Real-Time ted Abbe Bﬁ\'
= 1 m Projecti (Ee th-Measuring Machine

1 Measuring the angular I0MaNnd compensating for the
sine error

O
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c;mpensating for the Abbe’s err;g
Z ﬁﬁ&%@i&%@%iﬁ/%‘ B

4,

49
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Eppenstein’s Principle

[ The fun@pomt IS not in line wﬂf@ asuring

line

1 Real-time error§@r ted the Ab%p-or with
Eppensteln S pri é

&vc

(‘L_-"

Optical Micrometer

—E .-

\\i\ili-\\;. :

\Iim ﬁ
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Eppenstein’s Principle

7 1m Proj@Length Measuring I\/Iag@cb‘

N 1

2 ' 0
N, 7«2\) OIHl\lilI\l)

: 1 , ® N
0 50
_ - - ] [?°|%OIIP|EILP|2:°|3P|41n
’ 8
A\ c)
1 Yol
19 18
4
8
! L T
[
50 51
16 o o = 20
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C ; Eppenstein’s Principle S

Length Measuring I\/Iag@

&% 5. | 7«2\+> 0|;1>

0

B0 20 [p 0 10 20 30 40 50
/|||11|04l||1||||1|1

c)

| A e 2y
/Settingtome\& s,lo | j

. T = 20
Z Installing %& ce Y S NEE KL

# Readi ’
R <
%
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C ‘é Eppenstein’s Principle S

] oy

. o 0 10 20 30 40 50
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C ; Eppenstein’s Principle S
¢0 . %&ﬁ

«2»% E
AL,

N AL, =1-(Icos@-hsin9)
AL, =s;s,=Ftand
AL = AL, - AL,
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Compensate Abbe’s Error

‘ — 128307
= T iHE
—T D/A¥ %3
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C ; Bryan’s Principle S
1 Bryan’s P?}gle &‘b‘
~ For str gh@eés measuring system

«é».
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Bryan’s Principle

[ Bryan c es the output of an autg& ter (H#EE

jx)wnh re on the feet of a slide naving over a

surface and an nic dlsnla eMent indicator
Indicating betw raIIeI and ference surface in

various positions WI sthe slide.

1 The purpose of the exerc IS,.t0 measure the
straightness of surfacé@ lar motion to

demonstrate the several variables of the
measurement sy% n the resw&

1 Bryan points %ple often mlstaka}%fsume that
one point rge mass, like a mac ool, moves in
the saghé er as other points on the

R
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C ; Bryan’s Principle S

1 A simila 5‘Sﬁkes are made for the SAI@
straightne j‘ .

1 “Slide straightr@* ror is the Irear movement
that an indicator's en it is either stationary and

reading against a perf LSt % fedge supported on a
moving slide or moved pythe Slide along a perfect

straightedge which is)s‘@ .

N

RN ?
060
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Bryan’s Principle

Ang( B B
I'T'I{HIOI'I M :_,.p-"--l—n-l

Sfruighfnes\s\—‘//

P . _f,r A A A PV A
Za— \
I ‘I ) ][ o

Auto
collimator

PILab *%?SEP@ = "%ﬁﬁ dhwang@cqu.edu.cn

Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

Q FWEEAL: o2 R S
Vo N >
oy

RN’

Yy &
PIL *Fi MR dhwang@cqu.edu.cn
Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

HHEENC ot BEEX

c
©
S
S
@
>
ol
S
)
C
©
=
<
S

d Intelligence L

Precision and Intelligence Labora

PiLab


mailto:dhwang@cqu.edu.cn

Bryan’s Principle

|
e S
Angul ® ,
i ‘ ) s /) \
, Straightness

Auto
collimator

Fig 2 sthkaightedge, no anguiar metion [2‘ )
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Bryan’s Principle

oo
\\~ Straightness

B A A LA 4

Auto
collimator

Fig 3 Sagtionary straightedge, oscillating angular motion

2
3 %
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