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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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2.13.1  Hard Probe System 92 19/1#3 89 Manual Floating CMM sty
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2.1.3.3  Scanning Probe System
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gﬂﬁ 2.6 ﬁaﬁ'uﬁ'tytymtmu Scanning Probe System

2.1.3.4  Auto-Probe-Change System
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2.1.3.5 Centering Microscope & CCTV Monitor System
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2.1.44 puugedreUNea (Horizontal Type)
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1. Permanent Magnet Stepping Motor (PM Stepping Motor)
2. Variable Reluctance Stepping Motor (VR Stepping Motor)
3. Hybrid Stepping Motor

2.2.1.1 Permanent Magnet Stepping Motor (PM ing Motor
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;ﬂﬁ 2.18 GNEMULMINIUUVBY Single Stack Variable Reluctance Stepping Motor



2} Multitask Variable Reluctance Stepping Motor
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2.3.2 Status Port
ﬂ T oo A . o ¥ ] 1 = ¥ 3
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PR
Port TiAgi
3 - o Far
Bit7 Busy (ile Active manufanSumesez lufudaya
§ - 3 d a
Bit6 nAck 1318 Active MINUHINT1ADI WS DUR 191U (Active Low)
Bit5 Paper End ({9 Active MINufanSuwes ifinszaiu
. 4 . = o
Bit4 Select 18 Active HUWTNADANTUADS
4 = o -
Bit3 nError 1if8 Active M3NEDINT e IiAdaRANAA (Active Low)

Bit2, Bitl, Bito 1u1%

233 Control Port
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Bit3 nSelect Printer 118 Active nupiadonniuines

Bit2 ninitialize 118 Active #u0R 9T immn3uand
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Bit0 nStrobe 1ii9 Active HanuBamavanlvinTumasng il doyadmiuda
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Standard Parallel Port (SPP)

Enhanced Paraltel 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 1
Data 0 2 2 Data 0 2 Data 0 2
Data | 3 3 Data 1 3 Data 1 3
Data 2 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 g 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 Return 19 18 Ground 18 Ground ig8
Data 0 Return 20 19 Ground 9 Ground 19
Data } Return 21 19 Ground 20 Ground 20
Data 2 Return 22 20 Ground 21 Ground 21
Data 3 Return 23 20 Ground 22 Ground 22

2




713199 2.1 AgUanymz

[

dyy

TMVDINBI AV (D)

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 Return 27 22
Acknowledge
Return 28 24
Busy Return 29 23
Paper End
Return 28 24
Select Return 28 24
Auto Line Feed
Return 30 25
Error Retumn 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 HNanINAney
431  psmmanuAanen (Error)

¥ ¥
tumsdnnmgudledimismsimuadnauniilflumsmasswzdnnaldnngndee lud

N = | K/S(anz—(zxf)m /(Zx)}z

N = $mounisildlumsnanes

no= TIUAIPENMTNADEY

K = #nlszneuvesnrudosiv
= anuemARAa

'y o Ed
X A1 lA9INNINAAeS

w A o 4 { o A4 o
fidoamsTeauaIIISeIH 99.7 % uazssuianuasmaden’ld 5% wasfszAuanudeiu

4
99.7 % 921471 K = 3 11nmifiuanes Jaa1 N = 10 1imanaaes 1dnaseil

= | g
A1THN 4,1 J.!.?(ﬂﬂﬂ’m‘lﬂ‘ﬂ'lﬂﬂ"l‘i'ﬂﬂﬁﬂﬁuﬂu X

afa | Ammagn Gom) | A1AIR mm | aomdianaa (maysed)

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 4 4
2INAIT1N 4.1 ez 1 Iimsnaane Tasldnismaassduau 10 AITVAINTIVNADDINAITIABRBUN

'l
Jaamuaunu X 11uvz 1481 MAD = 0.0479 mm

A5 4.2 waasait 1AsINmInAIBIAY Y

pe2 ANATTU (mm) | AIAlA (mm) | Aawfanana (Arauysel)
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
8 20.00 19.9040 0.0060
9 20.00 20.0320 0.0320
10 20.00 19.9680 0.0320
Sum of Absolute Deviations 0.4600
Median Absolute Deviations (MAD) 0.0460

~ 2 Bg¥r e ¥ ° 3 a d A
INATNEN 4.2 %xmu'lmwmmimaaﬂﬂn'l‘nmsmammu'm 10 AFMEINTNATDINMITIAADUN

¥
Saauuuannu Y 1iuez 1481 MAD = 0.0460 mm
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A15197 4.3 HAAIA N IHINMINAABUINU Z

ady AmIgIU (mm) | MA3R1R mm) | Anudanain (fictuysal)

1 17.25 17.2965 (.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
B 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

4 2 Wy s 3 a & o 4 4
210915199 4.3 3zmu 19 hmsnaasd lasldmanaanisuiu 10 AT1vesmsvaassnnsadoun

AR NN WNY Z ﬁuvx'lﬁﬁ“n MAD = 0.0400 mm

432  mIammmsunzs iRy (Repeatability)

MngAs

3= [(zn“xf —1/N(ixf Wi -1}

¥
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A
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S = #1 Repeatability

Voo 4
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IUIUAIDE NI NAABY
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A131904.4 A1 Repeatability

A1 Repeatability

X= 0.05708
Y= 0.07797
£= 0.00814
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