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Development of Straightness Measurement System for Flat Workpieces

Hyun-Soo Kim*, Moon-Joo Jang*, Seong-Wook Hong**, Chun-Hong Park***

ABSTRACT

This paper presents a straightness measurement system for flat and long workpieces. The measurement system

consists of a laser, a CCD camera and processing system, a carrier system with a stylus, and some optical units.

The carrier system accompanies the stylus, which displaces a retroreflector along the surface protile. The optical

unit is used to optically amplify the displacement of retroreflector. The CCD camera and processing system

finally identifies the vertical displacement of the stylus unit. The developed system is applied to a ground surface

and a LM guide unit. The experimental results show that the developed system can measure the straightness of

flat surfaces and moving systems.
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Fig. 1 The conceptual diagram of the straightness
measurement system

Fig. 2 Schematic of the straightness measurement
system

Fig. 3 The developed straightness measurement
system

Fig. 4 The moving carrier unit with a stylus
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Fig. 5 The developed moving unit
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Fig. 7 Motion effects of retroreflector
(a) Horizontal motion & Yaw (b)Roll

; O« (@
\.Stmghmcasmr(‘l) '
;O Straightness error(H)

(O General error

:

o

Fig. 8 Variation of measured image due
o various errors

109

2 AT A A
A elgsh WS inausm ait.
M olgof o]g of 2 %

xio.]g_
g wel RO 4
iﬁé DC 3LE] o

ol I (Rotary encoder)7}

01 %H B

Ful
ei7k
o8 55w
g 9l
AT & glom, ol

o}t %}-,g H,o] §] 7\1

Agel o

£
o] A

A

(e}

=) L
i

_1__

o} Fig. 5+

Al

TAE

al o
=

2.2 HUkAAo] M A
1101] )\1 /HBLa} ‘/’(] zl A= 3|
Aol W HRE 7] flsto
DA YA g 51
24 BAE ol A,
5488

12

AFA A ol 4]
wba o] 47
oA deld 44

Ae ofubab Az A }% ow

28 g ey @™ o8 v
Aol Eabg ©S Folv) el A (Solid
type) H.t} j‘c’iﬁﬂ(Hollow vpe)S AL gEh= o) F
ok ANEAA ol ol £ & Rolm W §
ZAE oA o] F A7 A ;%.:xé.ﬁé’.g 22 W9
ojsl F F kel Awjr A :

2| & ol gsto] ThEE e 3

SAukAt Aol A Q. phALE

SRR FCRER.
s 2 gAE Ao o ¢
| 49 exkg
A A S

i

N

& %
%z} T %lr:%. fzkfzi, WM\—
i FE3= BV glong
IR

3
s

E Ed ¥
2 2H(Pitch error), 5738 %132

oﬁi 8

n é‘

N
- J‘]ﬁ‘ o

ﬁ
to
i

Z}(Horizontal



. 4% . g

: S AYFGE A A19d A3

straightness error), 3] 42 2HRoll error) &<
T ™ o2 Q& JuitAlE AA 72 WS
qdestr ®3tn 54 o4E 28 5 9«1‘:}- o]
oAA 3 Zrate] A @R e 3§
88| AnE A AL vusE o —Dr’\

g

2

¥ ofw O{N

&

Fig & WA o35 3
Fegdl g 24 oo 3
=A8e Ad 53

N

%

i

S ot (T gy rLim

oy by do o e do b yE

ok
I
o

e

Fig. 8& CCDoﬂH
d WgE w45
A% ¢k )

o>,

N
-Q
Wi
2
%
o]

L = ol
o

!-‘-(3‘—"

X]‘(Yaw)t)r FHz
error)7} A& B¢ 34748 &2l mebA
sz =212 9 }W% AN F4le] £ Ws gt

b Feoh ¥ ATlA AHgE CeD el 2

1%? 640(H)x 480(V)°]™ CCD 2 AHCell)e] =71
8.4um(H)x 9.8m(V)o)th.

23 ANE = FHxo 28 ALY
B AT e A% 24 34X BEA
982 98 AUAE BRY ARG BRAA T

2 AN EOE sutaldul. A28 HolE 93
Mg AD BHEES ARsiion, 94 #4 2 25

& &) cCh Fhviet A& H = (Frame grabber)®
o] g3l Mo HAGA ol o o]FHA
T EEe HYS s, day 7 ddo=
= AD BT YR AUS ARGt 23 ojF
AdE 737 YelME AD = JE FhR-E
g o] g3t day g HEsT.
Fig. 9% 70 o4& 2] F 3y
Ao oA WA A WEE gl A Fo]
AvkAL Al S 3 ﬁH}EM g dA=of oA &
e gde velhdiz ok &3 olFd 3t
FAE] WY HuE Jue A Wtz vEh
“tﬂ, gl FAAL Axter] A a5 I
S AZ3 FE g(Threshold)o2 )X s& & F

il

110

A A 2uds5E H8sa0
24 MAE B X9 dx 5Y

ke AAE SAFA Y F4 e sl=
Aol A SN & o dolAFe] AL ol
a2, o) =9 CCD 7hoet Abele] AE =4
a7 Gl ze] wigg 71¢E el siN =
ol 7heshd, & AZEdo] M FH A=

CCD A FAHE AN A% FaelFo o
248 vk

Fig. 9 Main window of a software for
straightness measurement system
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Fig. 11 A experimental setup for straightness
measurement of a ground workpiece

80
E soL
]
£ a0l .
o ~
s N
& 20}
£
£ .
S N
2 of N
&=
&
20 b
L R "
0 100 200 300 400

Ground workpisce(mm}
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Fig. 13 Experimental setup for measuring straight-
ness of a LM unit
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Fig. 18 Experimental setup for measuring
flatness and straightness errors by
using LM unit
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