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## 4270224021 : MAJOR MECHANICAL ENGINEERING

KEY WORD: CMM / COORDINATE MEASURING MACHINE / ARTICULATE ARM
KITTISAK  BOONYANGKOON : A SIX-AXIS ARTICULATE MACHINE FOR THREE-
DIMENSION COORDINATE MEASURING. THESIS ADVISOR : ASSOC. PROF. VIBOON
SANGVERAPHUNSIRI, Ph.D., THESIS CO-ADVISOR : LECT. WITAYA WANNASUPHOPRA
SIT, Ph.D., 112 pp. ISBN 974-17-9824-5.

The design of a six-axis articulate machine for three-dimension coordinate measuring is
studied in this research. The study includes mechanism design, kinematics design, and
calibration technique. The coordinate measuring machine is developed for the reverse
engineering application. The target accuracy is approximately better than 100 micrometers for
500x500x300 cubic-millimeter workspace. The very high resolution optical rotary encoder
installed at each arm joint is used for measuring the joint angles. By knowing the joint angles,
probe length, and the structure of the homogeneous transformation, the unknown parameters of
the arm configuration can be solved numerically by using nonlinear regression. The unknown
parameters are for obtaining the homogeneous transformation of the arm using in the
measurement. The measured coordinate data can be interfaced with commercial CAD packages

(such as CATIA) by using a neutral file format, CGO_ASCII format.

The accuracy of the machine is tested by measuring the distance of the two calibrating
sphere locations, using the center point of the sphere as the reference point. The 300 points are
used in the calibration procedure, and the other 50 points for evaluating the accuracy. The result

shown that accuracy of 100 micrometer is promising.
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Field of study._.____Mechanical Engineering Advisor’s signature

Academic year___2002 Co-advisor’s signature
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(rotation/translation)

2) Incremental encoder

1
Track 1 0

¥

HEENEEnEni

1
Track 2 0

one per rev. encoder

Y

Reference 1

3} Absolute encoder
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Optical encoders

Inductosyn

Resolvers

Synchros

Potentiometers Angular

resolution

| | | | | | I | I | | | I | | l |
26 97 98 93 210 211 212 213 914 915 918 217 918 519 920 921 92
1/2* Revolution

o
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3.2.1 ¥AnN1339981 Fluia tas

anflutialafaazlsznaudediudounanay 3 dou (wanslilugly 3.4) duld
ui wiasAanglldw (Circular Spline), Wanalddu (Flexspline) wazniauuasis

\Was (Wave Generator)

Circular Spline

A solid steal ring with internal taath

Flexspline

A Hlaxible asteel cylinder with
exiernal teath and a flanged
mownting ring.

Wave Generator

The Wave Ganerator (s a thin-raced ball bearing
fitted onio an elliptical plug serving as a high
efficiency torgque canverier.

917 3.4 uLAANTUAIUUANTY 3 TevansTudinlag

iafAanallduasiansuizadfenduanman . uiazifuiesagdnuly

o [ ai | é’ dld 1 1 o dl =< 1%

(Internal Teeth) Tngmnnaznmsmiilududiuntiauuuagdun wavazilsznavtindgi
ﬁummﬁq (Housing) 20972 U LD

wanaldduazifuviamantiouniianngavgy amnsaaaugddeldian

tae uazaziilunesagnieuan (External Teeth) saur) viowan Tnadanadiumiiy

azfutiulauien Wdmsutiadniuiwandeannasaan (Output Shaft) 4uNAILNANE

ldduazidanninmartasmanalilaudndeswingu  wazanuaniuasanangllduasi

AunndeandiveamafAoaialidua 2 WAu

)}

I's s ° Y o o 1 0 o v = = o |
wnuwefismesasnmihnduideanidaudgaies Nanwazidugiods

a

Tnemzddaununani lsadiumwandsindadiduunumangiad wdoazigniue

a

e®_

o o 17

7017 wnuidauiiafuueniaziusaunumaniounsgianguld iautihndudad

o o

Ausmanalldunazasaugniluanld



24

lusruumsinaueesansliilalad  fmeffaaallduidgniauiuegiui
azaudnFusana ldulnaasiifaniauue fsimesfigan i fusamana ludusin
wiifusaduedewliiuileses wanalldudnaufuiuilesaeisesAcang
ludusiaiiadlnaaanisdaings usiiilnsannsuuiuseandnallduiitosndmes
Aosnaldueg 2 iy dniudlemnaumefinaefmularunioeumdnaludul
azmyuliludianiemssiudnuiies 2 At (ﬁummﬂfﬂugﬂ‘ﬁ' 3.5) FaATlEn
fnsmaszrdnandnallduniy wWkeuuefismefvindy 1 fe AanuluiueaWang

lUf U889

917 3.5 HAAINATUANNIINTUIBNEN TN LA AT



UNN 4

AAUANARNS (Kinematics)

- . . @) ey A Y , P
AAUANART (Klnematlcs) Lﬂuﬂq@W?V]qqWQHL?@\Tm@\Tﬂq?Lﬂ@ﬂTﬂV(ﬂ Imﬂim@ul@lﬁ@q

NATALINNTENAUTIZULAAUANEAFAZNAN DA RN ZTANUAIAUNLG AHLIEY ANNLG

'
o

[ 6 o dg( L% o 1 dI dl %3 o
wazayiususungaullaassiaulsaiiumis aeainnsanazldudnnisaaumianslunig
ANUIDINATUMUIT899 A aNReILaIUNA  (Manipulator) TuszuudinAsTeugly
a1u190u leaNnnNImTadalatmse  WAFINITDA U IS AN AL TR LILNA T T

[ % ¥

AiauLLYase (Joint Coordinate) tngldinmsndniswilad (Transformation Matrix)

a I8 A a rdl enﬁl 1 a o dl o a
WwATNENITUL Ag ﬁ@LNM?ﬂ%WIﬂHﬂW?LLﬂ@Q bIA Lﬁl'ﬂ?sﬁﬂﬂﬂﬂuLLﬂuWﬂﬂﬁuﬂiﬂﬂ\‘l'ﬂﬂLLﬂu

%

At (319 4.1) dauansluannassialiil [3]

=)

PP=LTP [4.1]
Wa P AawARasinuLaliLnunte A

5P AaAAasINIUUA LN UNGA B

AT RawssndnIsiilasesunuiig B auiuunuiin A

;-"I:.l

U7 4.1 wamsnisutlaanamafainunuiia B Tudaunuinin A (3]



26

wesngnisilasn 1 lunisud aesruuidarasuaunanuy N dasaznuisounlalasg
v L e &
TunausAsstell

3 £ o a o 1 v 1 o 1 dg/
AUWTN FAINUUALAUNTA (Frame) Ja9uFaziaman Nuansallil

o @ - asl/ [ ] al', ?/
1. fvualiuny Z; Tldnuununyuaesdasted i 1)
2. nvualiunu X, Tlllufidnieisenniuwny Z, wazunu Z,,, videdn

i+1

4 l o o <6 ¥ * 2 a o o A a
wnuiegdniu Alduny X, TllluiAnieisainiuszunuifiaain
WD 2

3. mvualiunu Y, gldluiienenisngdaasn

' dzJ o i :l/ S o o 3 v
gﬂmiﬂu%mmm@mamamLmuWﬂmmmmnm@m\imu

Axis | 1 Als |

>/_\ Links {1

917 4.2 uAPNAIBEININNTFTTLLUNUATA [3]



27

'
al o [

TUNEDI ANUAAFAIULIIFN] gaadamalFullnusail
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Q; = {NTEWINUNU Z, fuunu Z

1 leedpauuny X,

d, =szgzmeainunu X, e X, Tnedaniuunu Z,
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Tnel
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Sa; =sing,;
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[ cH, -sO, 0 a,
0 0 1d
T = 4 [4.7]
-s4, —-cg, 0 O
0 0 o0
co, —-sf, 0 0
0 0 -1 0
7= [4.8]
s c6, 0 O
0 0 0 1
¢, -s6, 0 0O
0 0 1 0
T = [4.9]
-sfg, —-cf, 0 O
0 0 0 1
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ANNANNIIN 4.3 AL M LNFAINTNITUL AUBILNYTA 6 WEUAULAUA O Aa
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el
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M3 :_523(C4C5C6_5486)_C2385C6 [4.14]

M, =C1[Co5(—C4CsSs —S4C6) +555556] +5,(C4Cs —5,C555)  [4.15]
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I =—323(—C4C556—SACG)—C235556 [4.17]
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