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ABSTRACT

The main objective of this thesis is to study the 3-Dimension Coordinate Measuring Machine (3-D CMM)
which is one of high efficient measuring elements. After that, this 3-D CMM is improved and developed so that it
can connect to a computer via its three main components: 1)} Contact probe, 2) Drive motor circuit and 3) Main
control circuit. To let this 3-D CMM can efficiently measure the roughness of surface of any material in the Cartesian
coordinate system (X, Y, Z coordinate), the specific computer program which is developed with the Visual Basic is

used to control the movement of it.
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Application
Touch softwares
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L 4 b 3
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2.1.3.5 Centering Microscope & CCTV Monitor System
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221  stiaveammBlewed mmBhuesmedutimudnuazmainsaadild 3 Yiziom e
1. Permanent Magnet Stepping Motor (PM Stepping Motor)
2. Variable Reluctance Stepping Motor (VR Stepping Motor)

3. Hybrid Stepping Motor
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2} Multitask Variable Reluctance Stepping Motor
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2.2.1.3 Hybrid Stepping Motor
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2.3.2 Status Port
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Bit7 Busy iiJe Active nuefanSumesaz hifudeya
4 o o i y
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Bit5 Paper End (18 Active H1ntf WS wumes lufinszau
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Bit4 Select 1119 Active HU0DURBANTINABT
4 = 4 = -
Bit3 nError ii® Active nuedanTwaniiindsiawaina (Active Low)
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M50 2.1 ayUdnvazdygimveineinium

Standard Parallel Port (SPP)

Enhanced Parallel Port (EPP)

Extended Capabilities Port (ECP)

Single Centronics | DB-25 Single DB-25 Single DB-25
name (36-pin) | (25-pin) Name {25-pin) name (25-pin)
Strobe 1 1 Write 1 Host CLK l
Data 0 2 2 Data 0 2 Data 0 2
Data | 3 3 Data 1 3 Data | 3
Data2 4 4 Data 2 4 Data 2 4
Data 3 5 5 Data 3 5 Data 3 5
Data 4 6 6 Data 4 6 Data 4 6
Data 5 7 7 Data 5 7 Data 5 7
Data 6 8 8 Data 6 8 Data 6 8
Data 7 9 9 Data 7 9 Data 7 9
Acknowledge 10 10 Interrupt 10 Periph CLK 10
Busy 11 11 Wait 11 Periph CLK il
Paper End 12 12 Spare 12 Ack Reverse 12
Select 13 13 Spare 13 X-Flag 13
Auto Line
Feed 14 14 Data Strobe 14 Host ACK 14
Error 31 15 Spare 15 Periph Request 15
Initialize Reverse
Printer 32 16 Reset 16 Request 16
Select Input 36 17 Address Strobe 17 1284 Active 17
Strobe Retum 19 18 Ground 18 Ground i8
Data 0 Return 20 19 Ground 19 Ground 19
Data I Return 2t 19 Ground 20 Ground 20
Data 2 Return 22 20 Ground 21 Ground 21
Data 3 Return 23 20 Ground 22 Ground 22
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Standard Parallel Port (SPP) Enhenced Parallel Port (EPP) | Extended Capabilities Port (ECP)
Single Centronics | DB-25 Single DB-25 Single DB-25
name (36-pin} (25-pin) Name {25-pin} name {25-pin)
Data 4 Return 24 21 Ground 23 Ground 23
Data 5 Return 25 21 Ground 24 Ground 24
Data 6 Return 26 22 Ground 25 Ground 25
Data 7 Retumn 27 22
Acknowledge
Return 28 24
Busy Return 29 23
Paper End
Retumn 28 24
Select Return 28 24
Auto Line Feed
Return 30 25
Error Return 29 23
Initialize Printer
Return 30 25
Select Input
Return 30 25
Shield 33 N/C
N/C 34 N/C
N/C 35 N/C
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43 HoamINnAnel

431  prammanuRane’a (Error)

¥ g ¥
tunsdniuguitedimismtimuadmaunidilflummaasazdnnaldnngasdie lui

N o= | K/S(anz—(ZIf)m /(Zx)}z

N = $1uunisildlumsmanos

no=  TMIUAIDENMINAABY

K = #alsznevvesnimndesu
= anuRmAwAey

y o Fd
x a1 lA9nnisnaney

w A o 4 o o Y
fidsamTTeAuATINTBIH 99.7 % unzeeuIdia A maneu1d 5% wasRszAua NUesY

»
99.7 % 921481 K = 3 1inmifiwines 14 N = 10 iimsnaaas 1 dradil

#1519 4.1 uaadnn W nnsnaaewnt X

afa Mg (mm) | MA3alE mm) | Aamdanain @eaysd)

1 20.00 20,0600 0.0600
2 20.00 19.9754 0.0246
3 20.00 19.9754 0.0246
4 20.00 20.0600 0.0600
5 20.00 19.9754 0.0246
6 20.00 19.9754 0.0246
7 20.00 20.0600 0.0600
8 20.00 20.0600 0.0600
9 20.00 19.8837 0.1163
10 20.00 19.9754 0.0246
Sum of Absolute Deviations 0.4793
Median Absolute Deviations (MAD) 0.0479
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P 4 Wy o ¥ o - o A4 4
9NN 4.1 vzru laiimsneans Taoldnsnaasss o 10 IVAINTNADDINNITIARDUN

Jaaruunu X 1uez 1aR1 MAD = 0.0479 mm

AN 4.2 waAsan 1dsnn1TNARBINY Y

afs ANTIATFIU (mm) Miin18 (mm) | AnuBanane (Fnerwyysal)

1 20.00 19.9680 0.0320
2 20.00 20.0320 0.0320
3 20.00 20.1600 0.1600
4 20.00 19.9040 0.0060
5 20.00 20.0320 0.0320
6 20.00 20.0960 0.0960
7 20.00 20.0320 0.0320
g 20.00 19.9040 0.0060
9 20.00 20.0320 0.0320
10 20.00 19.9680 0.0320
Sum of Absclute Deviations 0.4600
Median Absolute Deviations (MAD) 0.0460

- o ¥r_oa ¥ o < o 4 a4
IRITIIN 4.2 %mﬂmwmmsmnm‘[ﬂUhmmmamu’m 10 ATINBINTINARDINNTIAADUTN

El
Samunuiuny Y ez 1981 MAD = 0.0460 mm
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A15197 4.3 HAAA N IR INAABUINU Z

aty AMIATEIU (mm) AA5ald (mm) | anudanan (fieruysal)

1 17.25 17.2965 0.0465
2 17.25 17.2965 0.0465
3 17.25 17.2965 0.0465
4 17.25 17.2803 0.0303
5 17.25 17.2803 0.0303
6 17.25 17.2965 0.0465
7 17.25 17.2803 0.0303
8 17.25 17.2965 0.0465
9 17.25 17.2803 0.0303
10 17.25 17.2965 0.0465
Sum of Absolute Deviations 0.4002

Median Absolute Deviations (MAD) 0.0400

5 o " e o o E i od
91NN1514N 4.3 ﬂ:mu'lﬁ'nmmiwﬂaﬂﬂﬂuﬁnﬁﬂﬂammmu 10 AT3v09n1INARBINNSIARBUR

IARMUINY Z ﬁuﬁ315ﬁ1 MAD = 0.0400 mm

432  mammmaunzaidumiain (Repeatabllity)

1IngAs

3= [(Z X -1/ N(i X2 -]

¥
1##1 Repeatability veaunu X, Y, Z Aqil
&
ie
S = 1 Repeatability

=] ¥
A 1ANnMmInaaey

e
i

$1MIUAIBE NS NATEY

z
[
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A151904.4 A1 Repeatability

A1 Repeatability

X= 0.05708
Y= 0.07797
£= 0.00814
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