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MAYTARWEE JANTWONG : DESIGN AND PROTOTYPING
FLATNESS MEASURING DEVICE USING 2-AXIS ROBOT.
THESISADVISOR : ASSOC. PROF. FLT. LT. KONTORN

CHAMNIPRASART, Ph.D., 103 PP.

FLATNESS MEASUREMENT/CARTESIAN ROBOT/PLC

In the manufacturing of electrical devices, the flatness of the metal sheet
which is a component of the devices is strictly controlled in the production line.
Generdly, the flatness of the metal sheet can be measured using dial gauge, a human
needs to hold and move the gauge to the measuring position on the sheet. The probe
of the dial gauge needs to touch the sheet surface, causing scratches on the surface.
This paper presents the design and prototyping a flatness measuring device using two-
axis robot. This device mainly consists of atouch screen user interface, programmable
logic controller (PLC), a two-axis Cartesian robot, and a laser probe for the flatness
measurement. The prototype system starts to work by recelving the start command
from the user via the touch screen. The PLC executes the program based on a logic
control and transmit the output signal to drive and control a servo motor of the robot.
Then, the robot arms move to 280 specified positions, and the laser probe that attaches
at the end of robot arm scans and measures the height of the metal sheet at each
positions. The flathess is expressed as the subtraction of the minimum height from the
maximum height. This prototype was tested by measuring the flatness of ten standard
metal sheets. The flatness measured using the prototype was also compared with that

measured using dial gauge. As the results of the experiment, the prototype measures



the flatness without touching the sheet surface. Using the arithmetic tolerance stack
up analysis and the measurement system analysis, the error of flatness measurement
of the prototype is 0.04153 mm which is within the control limit of 0.2 mm.
Moreover, the prototype can reduce the measurement error about 16.58% compared

with the dial gauge measurement.
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2.1 Synchronous servo motor
2.2 Induction servo motor
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Appraiser PART
/ Trial # 1 2 3 4 5 6 T 8 9 10
1 158.190 | 158.100 158.000 | 158.720 | 158.130 | 158.200 | 158120 | 158.180 | 158.240 | 158.190
A 2 158.170 | 158.170 158.170 | 158.780 | 158.220 | 158.280 | 138140 | 158.120 | 158.210 | 158.170
3 158.100 | 158.130 158.170 | 158.730 | 158.230 | 158.260 | 158170 | 158.130 | 158.270 | 158.140
1 158.180 | 158.170 158.190 | 158.790 | 158.210 | 158.210 | 158150 | 158.190 | 158.260 | 158.150
B 2 158.100 | 158.120 158.120 | 158.700 | 158.200 | 158.270 | 158.140 | 158.180 | 158.280 | 158.170
3 158.130-| 158.150 158.180 | 158.710 | 158.180 | 158.290 | 158180 | 158.110 | 158.210 | 158.110
1 158.110 1| 158.090 158.210 | 158.710 | 158.170 | 158.220 | 158130 | 158.110 | 158.250 | 158.170
C 2 158.170 | 158.130 158130 | 158.790 -| 158.220 | 158380 | 158.140 | 158.150 | 158.290 | 158.140
3 158.190 | 158.130 158.170 | 158.710 | 158.230 | 158.270 | 138170 | 158.190 | 158.240 | 158.110




Servo Driver Linear Axis X

Servo Driver Linear Axis Y

Jig plate

Linear Guide Axis X

Laser Displacement
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Photo abowe shows specification with matar
sie-mounted to the keft (ML Option].

Model Series

Type

Encoder Type

Motor type

Lead

Stroke

Applicable controller
Cable length

Options

RCP3-SA4R-1-35P-5-150-P3-P-MR
RCP3
SA4R
Incremental
35P
5:5 mm.
150 mm.
PCON -CA
Im.

Right-mounthed motor
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A13197 3.3 aNHALUDI  Servo Driver Linear 120 mm.

Item

Description

Drive System

Ball screw, g8mm, rolled C10

Positioning repeatability

+0.02mm

Lost Motion

0.1mm or less

Base

Material: Aluminum, special alumite treated

Allowable static moment

Ma: 6.8 N'm, Mb: 9.7 N-m, Mc: 13.3 N'm

Allowable dynamic moment (*) Ma: 3.04 N-m, Mb: 4.31 N-m, Mc: 5.00 N-m

Allowable overhang

120mm or less in Ma, Mb and Mc directions

Ambient operating temperature, humidity 0 to 400C, 85% RH or less (Non-condensing)

A A g < Ay A A 9 . .
mamaauﬂuum UNUY AdUU Q1U3ﬂﬂﬂﬂﬂlaﬂﬂ1‘ﬂ Servo Driver Linear U84

a o A =~ A I 1 A A = [ csy
VTHN TAT 109910 UANNNEIR T UDE 19NN A U510aZ1DIAAdl

Actuator Specifications

A137197 3.4 aNHAULUDY  Servo Driver Linear 1N Y

RCP3-SA5R-1-42P-6-200-P3-P-MR

Model Series RCP3

Type SAS5R

Encoder Type Incremental

Motor type 42 Pulse motor

Lead 6 mm.

Stroke 200 mm.

Applicable controller PCON -CA

Cable length Im.

Options Right-mounthed motor




Item Description

Drive System Ball screw @10mm C10 grade

Positioning repeatability +0.02mm

Lost Motion 0.1mm or less

Base Material: Aluminum (special alumite treated)
Allowable static moment Ma: 10.2N-m Mb: 14.6N-m Mc: 8.53N'm
Allowable dynamic moment Ma: 3.92N'm Mb: 5.58N-m Mc: 8.53N'm
Allowable overhang 130mm or less

Ambient operating temperature, 0to40°C, 85% RH or less (non-condensing)

humidity
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317 3.7 TOUCH SCREEN 34 DOP-B05S111

U

Aaaufa TOUCH SCREEN

A15197 3.6 AaNHAULVDI TOUCH SCREEN

Brand Name DELTA

Display Size 5.6 inch

Model Number DOP-B05S111
Resolution 320 x 234

ROM 128 MB

Operating System Delta Real Time OS
Power consumption 3.0W

Operation Voltage DC+24V

Backup Battery 3V

a a o
5. Tlsunsuitiaanannou Insataes (PLC)
[ wy a o dyd A 9 a a
aatiuauaveidvaenly(PLO)nsarugu Tdsunsuiuiiiaaedn
4 1A 9 o 9 4 I'4
AouInsaaes (PLC) JzuUMIAIUANUAANIzYIznauAleglnTainedIueaIsanls
1 4 @ 3 v 4 o
(Hardware) 1¥U 5188 (Relay) @3@41381 (Time) #21714381 (Counter) 4AZDUY N15HINUVDS

sTuUAIUANIElingAIenY o 2 d01ug Ao dn1azida fu an1izla WSeUUD ON LAz OFF

u






Product name

Model

I/O capacity/ Mountable Units
(Expansion Racks)

Program capacity

Data memory capacity

LD instruction execution time

Current consumption (A) 5V

CJ2M CPU Units

CJ2M-CPU15

2,560 points/ 40 Units

(3 Expansion Racks max.)

60K steps

160K words DM: 32K words, EM: 32K
Words 4 banks)

0.04 ps.

0.5

él




A15197 3.8 anywzVod 11 Laser displacement

22

Model

LK-HO025

Mounting mode

Diffuse reflection

Reference distance 20 mm.
Measurement range +3 mm.

Type Red semiconductor laser
Light source Wave length | 655 nm.

Output 4.8 mW.

Linearity

+0.02 % of F.S. (F.S.=6 mm.)

Repeatability

0.02 um
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Laser Displacement n¥outiay
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34 ﬂ]iﬂﬂﬁﬂﬂ?‘i]?’h‘izﬂﬂﬂ1igjﬂ

] ~ a J

atuig IR zyszuumsia (Measurement System Analysis ;
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A a v d"
HBANIINITUIGU
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Jd o a J @ a 4 1
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Ra +T‘;B +§C

R wDaTiE0C 3.1)

Tao R A9 AUNAYTINUBINGUAIDE
R AD AUNDITINVDINGUAIDI NN A
A !
R A9 AUNAYTINVDINGNA0E1991 B
B !
R, Ao mmausmueinguaiedni C
¥
N Ao SwiuiinuaveInguaaegy
Xpirr =X 1pp ypax — XAPP Min (3.2)
Taon Xpipp A9 HAA1IUDIAUNAY
ey A ! d’ 1 QU 1 d' 1 d'
Xapp Max 10 AUNAYTINVDINGUAIBINNAWINTIA
e 1 — 1 o 1 a 19 {
Xapp min. A0 AURAUTMUBINqUAI0E19NTIATDeNgR
RHE ~X - 33
p PartMax PurtMin 33
Tasf R Ao MmNde

_p - [ = e A A
XpartMax N0 AMRAYITINYDIFTUNUNANINNGA
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T = 1 r.;. Qy d’ "9 d‘
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Equipment variation (EV)
Appraiser variation (AV)

Repeatability and reproducibility (GRR)
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Part variation (PV)

Total variation (TV)

] L4 Y]
Aanuulsiuveaginsainisda Equipment variation (EV)
I & A 9 a A o Qy Qy = o o =) Y]
Wumnasmsgluuuninm glsziiv e daruanudumedny (asdanyuzineInu)
Y = @ 1 4 3
Taold Gage 1RINULINNINHHIATS

EV = K4R (3.4)

{ @ o @
Tagi EV  #eo anwmlsduvesgilnsainisia

[ 4

3 1 o A I
K1  asduainmsn duilszand andunus

R A9 AUNAYTINVOINGUAIDGN

v Y
J I

A I = ]
1 K1 umasnvueg

[

VIUIUVDINTNAAD

H 4
M3 3.9 MM K1 duilszans ”L‘T‘I’Tﬁllwuﬁ

Trials K1
2 0.8862
3 0.5908

Ysziiumsnlasunilasuosynna Appraiser variation (AV)

I A Aaa = o A ' Y A [ @ = [
Wumsdszuniauadsveinsianuana1eany Luﬂuﬂﬂa3ﬂQ1uaﬂymglﬂﬂjﬂu(lu

AIURBINU

EVZ2

AV = J?XDIFF K3)? — — (3.5)

nr



: " - .
Taon AV ae dsziumsulasumlasvesyana

frr= = 1 1 ~

Xpipr 09 WAANIVDIAUNTY

@ 4 @
EV  fAo anuuilsduvesginsainmsia
< ' o a v o d
K2  deodumainesi duilsednd anduius
F4
n A9 IMUIUNINUAVDINGNAIDY1S

9
Ao Mg InguA10619

Y Y
MIMEUALNITIAYT Repeatability and reproducibility (GRR)

GRR = J Ey® +hv?

1 Y Y
Tagl  GRR A0 M3 azn1sIng
@ 4 @
EV  fe anuulsiuveigilnsainisia

AV Ao dsziumsnlasumlasvesyana

4 2 "\
Msulasunilaaves¥uarl Part variation (PV)

. £ 0 ' oA =
?JTJLL‘]_l‘Uﬁ’J‘L!‘Vi‘LlQi]$Qﬂﬂ?ﬁﬂﬂiﬂﬂﬂ?iﬂm%iﬁlﬂﬂﬂuﬂaEJﬁ'TJ“L! (Rp) Tae K3 Agh

E4
v

2
YUOGAUTIUIUVDIFUIIU
PV = (Rp) (K3)
Tagh P fe dsziiumsnlasunilasvesynna
R, fe siidy

v J

I~ 1 @ a @
K3 s Wuminasn dulscans andunus

29

(3.6)

(3.7)
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A5 3.10 A3 K3 dulszAnG anduiiug
Parts K3
2 0.7071
3 0.5231
4 0.4467
5 0.4030
6 0.3742
7 0.3534
8 0.3375
9 0.3249
10 0.3146

Wa5IUN1TUU AU UDINTL 1IN Total variation (TV)

TV =+ GRR2 + PV?2

Tagh TV Ao ibzmiumanlasumlasvesyan
Y Y
GRR  fe aisiiswasmsiag

PV fe dsziumsn)dsunasvesynna
J 3 J o . %
WoFEuATINMILIFUYINTLVIUNT % Total variation (TV)
J 3 J o 4 @
nlesiyuannuulsduvesgilnsainisia
%EV = 100(EV/TV)
<3 a {
wesiFudilszitiumsnlasunilasvesyana
% AV = 100(AV/TV)

J 3 J o g’ @ 09/
wosiFuamsmgaz s Iag

(3.8)

(3.9)

(3.10)
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%GRR = 100(GRR/TV) 3.11)

<3 a {
wesiFudilszitiumsnlasunilasvesyana
%PV = 100(PV/TV) (3.12)
J 3 4 1 Qy
o duAnUAINTOUENIELANNLANANYDIFUITN

NDC = 1.41 (PV/ GRR) (3.13)

35 ayl
Y 1 o 1 J 3 4 o g‘
%']ﬂﬁiJﬂ13@11!1Juﬁ11]13ﬂﬁ1ﬂ’]ﬂ13llﬂ3Wu"’U@\’iﬂﬁgU’]uﬂWﬁL!ﬁgﬂuﬂ'ﬂﬁL“ﬁu@ﬂ’l'i“l/nclﬂ
9 ] ]
nazMsIadIvenszuIUNIMSIaANNIIY  ediudyuaugndes yeunTedIAnIW

aAawv K Y o = @ [ oAy v A 9 A '
1 Gluﬁ']u’)‘ﬂﬁli]\'illﬂ1/1WﬂWiﬂﬂﬁ@QLﬂfJ’Jﬂ‘]JﬂWi'JﬂﬂTVIVlﬂEﬂWﬂ!ﬂ‘if]\?ﬁuLL‘U‘U!WfJﬁWﬂWﬂ’JﬁJ

= 3 =)

AMAAROUYDUNTOINDTA azATIITOUNANIINAADIN IdaTInUNgERN AN Y

A = 1

a A 1 F c?/' = =} 1 1 ) v =\ ] o =
i]‘iﬂ‘l’i‘ifJllﬂJ‘Wi’e]ll“I/NL‘]JiEJ‘]JWIEJ‘UﬂWﬂ’JnJLLiJuEH"UfNﬂJHHfJﬂ‘ULﬂi DIUDIMUANUUNUIULASY

A A A
ANUUUFDDDNINNTA






Appralser Part
1 Trlal # 1 2 3 4 5 6 7 a 9 10

1 158 900 | 158.100 | 158.300 | 158.720 | 15B6.150 158300 158.120 |158.180 | 158.240 | 15B6.180

£ 2 158 770 | 158 400 | 158170 | 158.880 | 158.520 158280 153240 | 158120 |158.210 | 158.170
3 158.500 | 158.130 | 158.170 | 158.730 | 158.230 158.260 158.170 | 158.130 | 158.270 | 158.140

1 158.480 | 158.170 | 158.190 | 158.790 | 158.210 158.210 158.150 | 158.190 | 158.280 | 158.150

=] 2 158.500 | 158.500 | 158.120 | 158.800 | 158.200 158.270 158.240 | 158.200 | 158.280 | 158.170
3 168.780 | 158.150 | 158180 | 158.710 | 158180 158290 153.130 | 158.110 | 158.300 | 158.200

[ ] 1 158.300 | 158.080 | 158210 | 158.710 | 158170 158300 153130 | 158.110 | 158.250 | 158.170
%) 2 158 470 | 158130 | 158130 | 158.580 | 156.320 158.280 158.170 | 158.150 | 158.280 | 156.140
3 158 200 | 158130 | 158170 | 158.710 | 156.230 158270 158.190 | 158.180 | 158.240 | 158.110

Appraiser Part
! Trial # 1 2 3 4 5 8 T B 9 10

« | Average 158757 | 158.210 | 158213 | 158.7710 | 158,200 158.230 | 158177 | 158.142 | 158.240 | 158,167

‘.,; Range 0.300 0.300 0.130 0.050 0.370 0.040 0.120 0.060 0.0s0 0.050
o | Average 135.587 | 158.27 158.163 | 158B8.767 | 158.197 138.257 | 158.180 | 156.167 | 153.280 | 158.173

IE Range 0.300 0.380 0.070 0.080 0.030 0.080 €.0e0 0.090 0.c40 0.050
¢y | Average 158.323 | 158117 | 756.170 | 158.570 | 158.240 158.283 | 158153 | 156.150 | 158.260 | 158.140

& | Range 0.270 0.040 0.080 0.120 0.150 0.030 0.060 0.080 0.050 0.060
Part Average 158.5568 | 188200 | 158.182 | 168.7168 | 158248 158273 | 18B177 158.153 | 158.280 | 158.180

= F—A +EB +§C
R =
N
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=]

o AURABTINVDINGUATIDEIL IVNNAD 0.1203 Tadmas

_ 0.148+0.119+0.094
i 3

3|

= 0.1203 daawwas

Xpirr = X pp pax — Xapp Min (4.2)

Taeh

]
= 1

Xapp max N8 AUNAYTMUDINGNAIDGWNAMN AN

158.3197 Jadag

=ty = 1 d' 1 Y 1 d'd Y d' | %
X app min 1O AURAYIINVDINGUAIDEINUAIUDING AN
158.2517 Uaawag

X A0 WHAAAUDIAURAYNIND 0.0680 HAALUAT

Xpipp = 158319 - 158.2517 =0.0680 iladuuns

Rp a XPartMax - XPaﬁMin (4.3)

Taeh

) =af

R 8 AMNAUNIND 0.5622 Haaluag

P
] v
1 =1 = ' v a

Y [
9 ANRAYIINVDITUNUNAMINNGANIND158.716 UAAUAT

q

D Db

XP(I?‘EM&X

=

froccect 1 H : { 1 { J 2 ) a
Xpartmin N0 AUNAOTINVOIFUNUNAT0ONGA MIND158.132 Taauns

a

R,= 158.716-158.153= 0.5622 iaaiuns

[ 4 [
ANuulsiuveaginsainisda Equipment variation (EV)
I &2 A 9 a A o Qy Qy = o [V
WHumasmazduuuniian glszwiu Wedarunuru@eInu (Lazanyue

= o 9 = [y 1 = c?/‘
19801) Tagly Gage 1AEINUIINNINIIATI

EV=RK; (4.4)

=).

Tag

o o @ " W A A
EV ﬁ’f] ﬂ?TNLLﬂiNHﬂJ@QQﬂﬂﬁﬂlﬂ?i?ﬂ MINY 0.0711 Uaaasg

A < J @ a v o I 1o a a
K1 719 111191991519 dUU5EENT anauNUS 91NV 0.5908 UaaltuAag
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AD AUNAYITINVDINGUAIDGINAD 0.120 Tadiuas

=]

4

A < ' AR '
1 K1 dlusnanyueg

[

VIMUIUVDINTNAADY

5190 4.3 M9Ina31 K1 duilseant avduiug
Trials K1
2 0.8862
3 0.5908

EV = 0.120X0.5908 = 0.0711 Naaluas

Ysziiumsnlasuuilasvosnana Appraiser variation (AV)

<3| A Aa A o A 1 [ A @ [ = @
Wumsdszuniauadeveinsianuanaeny lll’t')‘]_Jﬂﬂﬁ?ﬂ\ﬂuaﬂ‘]ﬁﬂw!ﬂﬂ')ﬂuﬁlu

AIURBINU
A EV2
AV = (XDIFF Kz)z N -?’T.T' (45)
Taeh
= a d' 1 @ a A
AV o Usziumsnlasumlasvesyana Mi10.0331 Jaaiwns
Xp:1fp A9 HAAIVOIANNDY (NNY 0.068 aalINT
= % 4 ] 1 o Aa A
EV Ao A mualsAuv0I9nainIT I IMN10.0711 Naaas
A I 1 o a v o (Y
K2 A9 17UA191NA1519 FNUTLANT aNAUNUT 1N1010.5231
Y
n A9 I UAVDINGUAIDEIN 11N 10

Y
Ap NuIUMIMFINgUAI00WMINY 3

0.0711%

—] - —;
AV (0.068X0.5231) e 0.0331

MINEUATNITIAG Repeatability and reproducibility (GRR)

GRR =+ EV? + AV? (4.6)



Tagh
A o g’ o :l Vo A A
GRR A9 MINIFEWALNITIALGT NNV 0.0784 WAALUAT
= o 4 @ 1w a A
EV Ao AnuulsAuvesginsaimsda My 0.0711 Hadmas
AV Ao Usziiumsnlasumlasveaynnaminfuo.0331 Nadwnas

GRR =/ 0.0711% + 0.03312 =0.0784 JadLua3

A 2 e
msrlasuulasues¥uaIu Part variation (PV)

1 & o ] 1 a 1 A
g'ﬂl!‘U‘Uﬁ’)uﬂu\‘1i]$QﬂﬂWﬂuﬂIﬂﬂﬂﬁﬂm%’Nﬂlﬂﬁﬂuﬂﬁﬁlﬁﬁlu (Rp) Tag K3 AN
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4 4
YUGAUTIMIUUDIFUIIY
PV = (Rp) (K3) 4.7)
Taen PV fo Usziumsnldsunlasuesyanaming 0.1760 Tadwas
R, Ao MduviIfiy 0.562 Hadaas
[ 1 @ a v v Jd 1w a A
K3 Ao 1HuA19INM5 19 dU52ANT anduius iy 0.3146 Jaawns

A5 44 A19INAI K3 Fulszans avduiug
Parts K3
2 0.7071
3 0.5231
4 0.4467
5 0.4030
6 0.3742
7 0.3534
8 0.3375
9 0.3249
10 0.3146
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PV = (0.562)(0.3146) = 0.1769

HasINMILYaRNUYBINIZUIUMS Total variation (TV)

TV =+ GRR® + PV? (4.8)
Tagn
TV Ao Usziumanlasumlasvesyanamiiy 0.1935 dadwas
Y Y
GRR Ao MamdazmMsiadn iy 0.0784 daduas
PV fAo Usziumsnldsunlasuesyanaminy 0.1769 dadmas

A 4 @ . .
WoFuATINMITLITAUVDINTLUIUNST % Total variation (TV)

TV =+/0.07842 + 0.1769% =0.1935 NaaluAs
A 4 @ 4 ]
nlesiudanulsiuvesgingainiida
%EV = 100 (EV/TV) (4.9)

%EV =100 (0.0711 / 0.1935) = 36.74%

wesidudilsziiiumsnlasunilasvesyana
% AV =100 (AV/TV) (4.10)
% AV = 100 (0.0331/0.1935) = 17.12%
J 3 4 o g’ [ 09/
nesiguamsiidazmsindg
%GRR = 100 (GRR/TV) (4.11)

%GRR =100 (0.0784 / 0.1935) = 40.53%

wesidudilsziiiumsnlasunilasvesyana

%PV =100 (PV/TV) (4.12)



J 3 4 ' Qy . . .
oS IFUAN NV INTOUSNLIZANULANANNUDITUI Y (Number of district categories)

100 (0.1769 /0.1935) = 91.42%

NDC = 1.41 (PV / GRR)

NDC = 1.41(0.177/0.0784) =3.18

M0 4.5 agdgaslumsiivim (Reumsnaae)

agdgaslumsiom paf lavnmafiuom
0.148 + 0.119 + 0.094
L. =0.1203
3
2. 158.3197 —158.2517=0.0680
3. o 158.716 — 158.153 = 0.5622
4. = 0.120:= 908 = 0.0711
5 S 0.1 7.50r -
. e = — = = 0.0%gq=
, v ’ h112  _
AV = J;)?Du-';-' Kz)* T ﬂ0'068x0.5231)‘ T T10x3 0.0331
.| el V0.0711--F 0.0331-" = 0.0784
i s
7| EEE =S (0.562) (0.3146)=0.1769
:r::;”_ _('fe > <V.l(:‘ -:_ i Lo 3% = Bl

8| T v 0.0784-+ 0.1769.—=0.1935
9.| %EV = 100(EV/TV) 100 (0.0711 /0.1935) = 36.74%
10 % AV = 100(AV/TV) 100 (0.0331 /0.1935) = 17.12%
11 %GRR = 100(GRR/TV) 100 (0.0784 / 0.1935) = 40.53%
12 %PV = 100(PV/TV) 100 (0.1769 / 0.1935) = 91.42%
13 NDC = 1.41 (PV / GRR) 1.41 (0.177/0.0784) = 3.18
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(4.13)
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No. Description Mean Tolerance (mm.)

1 A 20 +0.010

2 B 10 +0.010

3 C 57 +0.020
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Q13197 4.6 A1 Tolerance YDAUATDIINTAULUL (41D)

No. Description Mean Tolerance (mm.)
4 D 18 +0.010
5 E 48 +0.020
6 F 20 +0.010
7 G 39 +0.010
8 H 28 +0.010
9 I 8 +0.010
10 J 24 +0.010
11 K 24 +0.010
12 L = +0.005

Total 296 +0.135
R 0.04153

Equation RSS formula

RSS = VT12+T2% + -« Tn2 (4.14)

RSS = \F.m? +0.012 + 0.02% + 0.012 + 0.022 + 0.01% +
0.01%2 + 0.012 + 0.01? + 0.01? + 0.01% + 0.0052

RSS i \f 0.0001 +0.0001 + 0.0004 + 0.0001 + 0.0004 + 0.0001
~ N +0.0001 + 0.0001 + 0.0001 + 0.0001 + 0.0001 + 0.000025

RSS = 0.04153 mm.

4.6 agﬂm'ﬁmswﬁﬂ'mamﬂmmﬂéeuazaw%qﬁmam (Arithmetic Stack)
WedinsgHaInuARIAIARD LA AMTIANAY (Arithmetic  Stack) vz 1114

0.04153 mm, ﬁqﬁyusumﬂmmﬂmﬂmﬁaumaqm?aﬁﬂmmsms:nmﬁqmﬂmiﬂizﬂamz@gj

3£¥119295.95847 14 296.0415 mm. 39311831 Tolerance vouAToeTnsdUUL LTI

91101 0.04153 mm.
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PV = (0.630)(0.3146) = 0.1982

NasINMSUanuueInIZUIUNIS Total variation (TV)

TV = GRR® + PV? (4.8)
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Terminal Signal
Description
No. name
1 in put *000.00 o ® BTN START
2 in put *000.01 ® PN BTN STOP
3 in put *000.02 ® ® BTN RESET
5
= 4 in put *00003 | o ° BTNEMG
E .
g 5 t *000.04 SES DOOR
g 1n pu . ._
2 ; %
o 6 n put 000.05 ® ® SPARE
7 in put *000.06 SPARE
E ¢ L
8 in put *000.07 ° ® SPARE
9 in put *000.08 0 ® SPARE
10 in put *000.09 & ® SPARE
11 in put *000.10 ® ' SPARE
12 in put *000.11 & Py SPARE
13 in put *000.12 ® ° SPARE
14 in put *000.13 0- ° SPARE
15 in put *000.14 ® ® SPARE
16 in put *000.15 ® ® SPARE
Assoc.Prof flt.Lt.Dr.Kontorn
Designer Maytarwee Jantwong Adviser
Chamniprasart
Suranaree University of Technology
Scale Title Drawing No.
NTS PLC I/O terminals in put 1

3191 2.1 Yoyamamaiinved PLC 1/O terminals in put
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Terminal
Signal Description
No.
name
1 out put *100.00 ® ® BTL START
2 out put *100.01 ® @ BTL STOP
3 out put *100.02 ® - BTL RESET
3 4 output | *100.03 | o @ | BTLEMG
=]
‘o 5 t put *100.04 PL CHECK
Té out pu . .
g 6 tput | *100.05 PL 0K
g out pu ° PY
e 7 output | *100.06 | @ ° PL NG
@)
d 8 out put *100.07 P Py SPARE
9 out put *100.08 ) °® BUZZER
10 out put *100.09 °® PN LK TIM
11 out put *100.10 ® ® LK RESET
12 out put *100.11 0 ° SPARE
13 out put *100.12 ® °® SPARE
14 out put *100.13 ® @ SPARE
15 out put *100.14 ® @ SPARE
16 out put *100.15 ® ® SPARE
Maytarwee
Designer Adviser | Assoc.Prof.flt.Lt.Dr.Kontorn Chamniprasart
Jantwong
Suranaree University of Technology
Scale  NTS Title PLC I/O terminals out put Drawing No. 2

17 v.2 doyanunAlinues PLC 1/O terminals out put
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Terminal ignal
Description
No. name
1 COM | COM for input ® ® JUMP
Laser remote interlock
2 RMT JUMP
input i ®
ZERO | Auto-zero
3 LK ZERO 1
1 (synchronous) input ® ®
Reset (synchronous)
4 RSTI LK RSTI
input . .
TIMING (synchronous)
8 5 TIML | LK TIMI
3 mput & .
g CcoM
5 6 COM for output LK COMO
v 0 $ @
General comparator
7 GO LK GO
output @ ®
System alarm or
8 ALR LK ALR
measured value alarm % ®
9 LSR1 | 1 Laser control input 1 ® ® LK LSRI
10 LSR2 | 1 Laser control input 2 - PY LK LSR2
DC24 | 24 VDC input for power
11 DC24+
+ supply @ ®
DC24 | 0V input for power
12 DC24-
4 supply ® ®
Assoc.Prof flt.Lt.Dr.Kontorn
Designer Maytarwee Jantwong Adviser
Chamniprasart
Suranaree University of Technology
Scale Title Drawing
NTS LK-G5000 Series No. 2

710 @3 doyamamaiinues LK-G5000 Series




Input form 24-VDC input Line driver inputs

Input current 6.0mA typical ‘ 5.5mA typical 13 mA typical 10mA typical
Input Voltage 24 VDC +10%/-15% RS-422A line Ddriver

range AM26LS31 or equivalent
Input impedance 3.6kQ2 ‘ 4.0kQ - ‘ -
Number of circuit 1 common , 1 Circuit

On Voltage 17.4 VDC min , 3mA Min -

Off Voltage 1 mA max .at 5 VDC max -

On response 8 ms max.(The in put time constant can be set to 0,0.5,1,2,4,8,16,0r32ms.)
Off response 8 ms max.(The in put time constant can be set to 0,0.5,1,2,4,8,16,0r32ms.)

319 v.4 Yoyamaumatiaves PLC CJ2M CPU Unit Pulse I/O Module

Rated voltage 5to0 24 VDC

Allowable voltage range 4.75 t0 26.4 VDC
Maximum switching current 0.3A/outputs; 1.8 A/Unit
Number of circuits 6 outputs(6outputs/common)
Maximum inrush current 3.0A/output, 10 ms max.
Leakage current 0.1lmA max

Residual voltage 0.6 V max

ON response time 0.1ms max

OFF response time 0.1ms max

Fuse None

External power supply 10.2 to 26.4 VDC 20 mA min

719 v.5 Foyamamatianves PLC Output Specifications



24VDC 1 Al 24VDC 2 Bl
INOO/IN10 LD+ 3 A2 INOI/INII LD+ 4 B2
OV/LD- 5 A3 OV/LD- 6 B3
— 24VDC 7 A4 24VDC 8 B4
INO2/IN12 LD+ 9 AS INOI/IN13 LD+ 10 B5
OV/LD- 11 A6 OV/LD- 12 B6
24 VDC 13 A7 24 VDC 14 B7
INO4/IN14 LD+ 15 A8 INOI/IN15 LD+ 16 BS
OV/LD- 17 A9 OV/LD- 18 BY
24VDC 19 AL0 24 VDC 20 BI0
INOG/IN16 LD+ 21 All INOI/IN17 LD+ %) Bl
OV/LD- 3 Al2 OV/LD- 24 BI2
24VDC 25 Al3 24 VDC 26 BI3
INOG/IN18 LD+ 27 Al4 INOI/INT9 LD+ 28 Bl4
OV/LD- 29 AlS OV/LD- 30 BIS
OUT00/OUTI0 - 31 Al6 OUTO1/OUTI1 - 2 BI6
OUT00/0UTI2 - 33 Al7 OUT03/0UT13 - 34 B17
| OUT00/OUT14 [ 35 AlS OUT05/0UT15 - 36 BIS
i POWER 4 37 Al9 POWER - 38 B19
SUPPLY SUPPLY
INPUT +VFOR INPUT +VEOR
OUTPUTS OUTPUTS

COM - 39 A20 COM - 40 B20
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The 11th SEATUC Symposium

DESIGN AND PROTOTYPING FLATNESS MEASURING DEVICE
USING 2-AXIS ROBOT

Maytarwee Jantwong ", Pichitra Uangpairojm, Kontorn CIla‘:mlni]:ul'asart“‘1

MSchool of Mechanical Engineering, Institute of Engineering,
Suranaree University of Technology, Thailand

Email: kontorni@sut.ac.th

ABSTRACT

In the manufacturing of electrical devices, the
flatness of the metal sheet which is a component of the
devices is strictly controlled in the production line.
(Generally, the flatness of the metal sheet can be
measured using dial gauge, a human needs to hold and
move the gauge to the measuring position on the sheet.
The probe of the dial gauge needs to touch the sheet
surface, causing scratches on the surface. This paper
presents the design and prototyping a flatness measuring
device using two-axis robot. This device mainly consists
of a touch screen user interface, programmable logic
controller (PLC), a two-axis Cartesian robot, and a laser
probe for the flatness measurement. The prototype
system starts to work by receiving the start command
from the user via the touch screen. The PLC executes the
program based on a logic control and transmit the cutput
signal to drive and control a servo motor of the robot
Then, the robot arms move to 280 specified positions,
and the laser probe that attaches at the end of robot amm
scans and measures the height of the metal sheet at each
positions. The flatness is expressed as the subtraction of
the minimum height from the maximum height. This
prototype was tested by measuring the flatness of ten
standard metal sheets. The flatness measured using the
prototype was also compared with that measured using
dial gauge As the results of the experiment, the
prototype measures the flatness without touching the
sheet surface. Using the arithmetic tolerance stack up
analysis and the measurement system analysis, the error
of flatness measurement of the prototype is 0.04133 mm
which is within the eantrol limit of 0.2 mm, Moreover,
the prototype can reduce the measurement error about
16.58% compared with the dial gauge measurement.

KEYWORDS: flatness measurement, Cartesian
robot, PLC.

1. INTRODUCTION

Currently, measuring flatness of the workpiece
15 manually conducted by dragging tools to measure
performance. Data obtained from the measurements are
inaceurate at times, When testing a Gage R & R
employees are using a third specimen 10 pieces and each
repeated 10 times per one piece. Kitisak (2005)showed
that 40.53%, the percentage of GR & R has more than
3070 of the ecriteria. Accuracy of measurement tools
(Equipment Variation: EV) is equal to 36.74% of the
employees and measure (Appraiser Vanation: AV) was
17.12%, causing the error of measuring the high voltage
is applied to the instrument without equal, ATAG (2002).
Gage R & R is the measurement process or tool (Tool)
like the one used for the analysis of measurement
(Measurement System Analysis: MSA), the standards of
the automobile industry of the North American company
called automata Active Industries. Tree Action Group
{Automative Industry Action Group: ATAG) is used as a
standard of measurement instrumentation, ATAG (2002).

Moreover, the level of the metal s also
commonly measured using a laser probe in the
electronics industry. The measuring system with laser
technology is very promising for high-accuracy tasks.
However, the price of the measuring system is very
expensive because the system and machine are imported
from abroad.

This research by creating a set of tools to
measure the level of work with robots. Two cores instead
a way of measuring the Manual by applying the write
control programmable logie controller (PLC) to control
the meter series laser (Laser displacement) has prepared
a check-up, The two-axis robot infantry controlled by
PLC. To detect faulty parts. To get a quality job. And
reduce the number-of broken down So we developed a
set of tools to measure the level of work. To reduce
deviate of the measurement process. And  build
confidence in the data. The system will need to be
measured for various purposes. So it must be analyzed
whether measurement systems. Any credible Proper
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implementation or not. Most analysts are looking to
replicate it. The main factors of error is often the tools
and people. There are also other factors. Another analysis
of the measurements can be analyzed out. Details of the
three MSA reference manual of AIAG (2002} in 1996, a
group of North  American automobile  industry
automation company called Tiffany Jewelry Industry
Action Group (Automotive Industry Action Group:
ATAG) has set the standard for measuring the
performance of the engine. various A standard
procuction car. Whose members come from auto
manufacturers such as DaimlerChrysler, Ford Motor
Company, General Motor Corporation and a content
aggregator to measure the MSA.

For the ATAG MSA manual used in this project has been
amended three times, then took the contents of Gage R &
R (Gage Repeatability and Reproducibility) used because
the Gage R & R. this is a way to analyze the accuracy of
the measurement. The analysis tool measurement
templates are created. To be convinced that this tool is
built to work well.

2. EXPERIMENT

This research presents a check to the flat by two
robot axis control with PLC. Measured on a flat piece of
sheet that measures .25 mm to change the position of
the measuring points are determined by a preset and
adjustable speed 280 points. In accordance with the time
to make the most efficient in the measurement. A series
of laser measurement Will make the measurement only
By the laser beam through the specimen holder until Jig.
Which is controlled by a servo motor (Serva motor) 2
determines maintain walking along the X, ¥, seroll to
gauge the level of a job as a preset point given 280 points
and programmable logic. Controllers (PLC) to keep the
flatness of the workpiece. By making contact with the
screen  touch screen 1s the communication between
people and machines. Will display in the Graphic Panel
can be connected to the PLC and can also display Replies
other. On the touch sereen to command it. The conirol
method and procedure of measuring tools will help to
measure the level of convenience and faster,

2.1 Measurement Flatness by hand

The azimuth is measured using the dial gauge
mounted on Stand magnet on the table. Measuring plane
Employees, specimens were put on the table
measurement. And put to work in the field to measure
the azimuth towed by a dial gaupe in parallel to each
other. Reset the machine Dial gauges to-measure. The
value has to be measured at the level of dial gauges with
the highest and the lowest, according to Figure 1 meter
flat Dial Gauge Stand magnet (Dial Gauge) is applied,
the difference is equal. a flat piece of work Then save the

plane down in a notebook measuring the current level of
the target. The staff is three people specimen 10 pieces
and each repeated 10 times per one piece from point 1 to
point 2 and point 9 record results based on Figure 2
shows how to measure dial gauges with. measurement of
1-9 points (Dial gauge).

Fig 1 meter flat Dial Gauge Stand magnet (Dial Gauge).

Dial gauges to measure the housing collapse on
the bed (Horizontal) pins at the end of a job. To measure
the distance of no more than 0.14 mm, 0.001 mm, and
the resolution accuracy + 0.003 mm when using a dial

gauge must be equipped with a gripping tie.

Fig 2 shows how to measure the dial gauge to the
measurement of 1-9 points (Dial Gauge).
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2.2 Measurement Flatness with 2-axis robot.

The idea is to design machines. To install the Axis
Robot Y-axis is the axis that moves up and down, Robot
M-axis 15 the axis that moves left and right, each working
separately to each. In order to control the meter series
laser (Laser displacement) Model Model LK-HO235
series, the Keyence makes laser measurement. Will make
the measurement only. By the laser beam through the
specimen holder until Tig. Which is controlled by a servo
motor (Servo motor) Model Model Series RCP3 brand
TAI 2 determines maintain walking along the X, Y. scroll
to gauge the level of a job as a preset point given 280
points and applications. Preble memory Logic controller
(PLC) model model CIZM-CPULS Omron brand value
of a flat piece of work. By calculating the difference
between the value of measuring the level of Laser
displacement Most minus the valuve of measuring the
level of Laser displacement at least 280 points to
caleulate and display the screen touch screen touch
screen measurement method. the level of staff Place the
pleces and press Start, robot parts, according to Figure 4,
employees start by press START to start at the end of the
unheated parts used to display the screen touch screen
store employees. record Measuring the level of work
Staff were measured using three test pieces to 10 pieces,
and each repeated 10 times per one piece with the flat of
a meter. Based on a five-point check point using a 280
meter flat with robots,

Fig 3 how to put the pieces of the plane was a robot.

Fig 4 employees Start by pressing START.

Fig 5 checkpomnt 280 meter point on the plane with the
robot.

The design and components of robots, two axes
have the following components: Component A is Servo
Drive Linear Axis X has driven in the X-direction
component B is Servo Drive Linear Axis Y has driven in
the Y-axis piece C is. Laser Displacement is responsible
for measuring the level of the work piece material D is E
is part of a stationary clamping piece F is the pedestal of
a meter flat

2.3 Analysis of the Temple (Measurement
System Analysis: MSA).

Caleulate Gage R & R (Gage Repeatability and
Reproducibility) analyzes the varniation in measurement
system that is newsworthy. The ability to accept
variations that occur or not. Under the terms of the
measurement process itself. Or it may be called. The test
for the accuracy of the measwrement The result can
diagnose errors that occur. The instrumentation or by
order of the equation, Kitisak (20035), ATAG (2002).
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2.3.1. Calculate the control limits of the
range. (UCLg)
(UCLy) = (RxDy) (1)
( R) Instead, the average range of the m sub-groups.D,
The multiplier K for border control in distributed
measurement chart The unlnown o This procedure
describes the information received that is greater than the
scope of the control range. (/L) Or by using the Range
R Each group will have the same value. [ﬁ) Then
multiply by the small group size. The operung to the
tableD, by the(U/CL;) The limits on control (Upper
Control Limit), which is part of the chart image to the
average spread (Control Chart for for Measures of
Dispersion) control method to calculate the extent of the
spread & with the following equation. The extent of the
control limits on the formula, Adisak (1997)

D, =132 D, =14+3%2 2
- iy iy

2.3.2 calculate the variation of the equipment
(Equipment  Variation) or repeatability of the
instrument. {Repeatability) using a range of values
multiplied by the total variation of the device. The
formula is as follows, Adisak (1997}

EV =K,R 3
The EV is the variability of the measurement device is
K1. A square of the correlation coefficient Ris the
average of the samples K1 is a constant that depends on
the number of trials. Tara K1 from the correlation values
according to Table 1 of Schedule K1 comelation
coefficient.

Table 1 of the Schedule K1 correlation coefficient

Trials Kl
2, 0.8862
3 0.5908

Table 2 of the texthook K3 correlation.

Parts K3
8 0.3375
9 0.3249
10 0.3146

Table 3the Gage R& R

Gage R&R The definition of acceptable

2.3.3 calculate the variability of
measurements (Appraiser Variation) or the hike.
(Reproducibility) from the following formula, Kitisak

2005),
P ——
. 2z
AV = \Ilt Korer K2)* — Lo (4

nr
The AV is the rate of change is Xppp. The EV is the
result of the measurement device K2 is varied A square
of the correlation coefficient n subconsciously. All of the
r is not. The number of replicate samples, Kitisak (2005).

2.3.4 repeated and repeated. Repeatability
and reproducibility (GRR)
GRR = VEVI ¥ AVZ ()
The GER is repeated and repeated EV is, The variation
of the measurement device AV is the rate of change,
Kitisak (2003)

2.3.5 Changes of the workpiece Part
variation (PV) forms part will beDetermined by
multiplying the average of the (Rp) K3 with fixed
depending on the number of pieces,

PV = (R;,) (Kj) )
Where P is the rate of change isR,, K3 is the Range As
the table Correlation Table 2, according to the textbook
from K3 correlation, Kitisak {2005).

2.3.6 Total translations of conjugationprocess
¢s Total variation (TV)
TV =+ GRR? + PV2 [€))
The TV is a rate of change of the GRR is repeated and
repeated. PV is the rate of change of the party, Kitisak
(2005).

2.3.7. Calculate the percentage of the total
variable using the following formula, Kitisak (2005)

%eEquipment Variation “oEV = 1O0INEVITV)  (8)
YeAppraiser Variation % AV = I0AVITV)  (9)

%Gage R&R %GRR = 100(GRR/TV) (10)
9%Part Variation %PV = 100(PV/TV)  (11)

2.3.8. Determining the type of information to
fistinguish it (Number of district categories) using the

PTV < 10% | The measurement system can be

established.

10% < P/T or | May be acceptable, depending on the

PV <30% | miportance of the application. The
cost of the measure As well as other
factors

BT P/TV = | Can not accept the system can be

30%% measured. [t is necessary to identify

the causes of variability, and reduced
or eliminate

follow:'ng formula: Mumber of district categories to
distinguish the percentage of specimens, Kitisak (2005).

NDC = 1.41 (PV/ GRR) (12)

Generally accepted criteria to define the repeater
pan Mobility and Marine Produce City Mobility. With
the grace of the specilied tolerances (Precision to
Tolerance Ratio: P/ T) and the variation of the procedure
include (Precision to Total Variation: P/ TV) mounting
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with the following formula, Kitisak (2005%and ATAG
(2002) .

Process analysis of variability in the
measurement system that 1s better able to accept such
vanations as they occur or not. Can find vanations of the
procedure by different methods under assumptions.
{Assumptions) and conditions below.

1. The study sample consisted of temples and temple
staff only.

2. In a collaboration between the workpiece and the staff
is not well.

3. The work has to be the same as the parameter.

4. To test the measure must be nondestructive.

5. Control measurement repeatability. Must be not too
much I can not study the vanation between specimens
and employees be measured.

2.4 Calibration Master, size 10 mm, Used to
compare the ability of a device that can be used or should
calibrate the device by experiment 10 times and collected
280 point inspection, according to Figure 5 checkpoint
280 meter point on the plane with the robot.

3. ANALYSIS

3.1 In the process of measuring the Manual
employees are all done manually. This causes problems
Many more The researchers went into the study and
found that the main problem of the measurement process.

Table 4 shows the calculated square meter flat in the

Manual.

The formula restlts
Equipment variation (EV) 0.0711
Appraiser variation (AV) 0.0331
Repeatability 0.0784
reproducibility (GRR}

Part variation (PV) 0.1769
Total variation (TV) 0.1935
%EV 36.74%
% AV 17.12%
YGRE 40.53%
%PV 91.42%
NDC (Number of district ERE
categorigs)

Measuring . the  level of .egach employee.
Measurement is the anniversary of the workpiece. May
cross the measurement 15 completer The cause of the
discrepancy is a problem in both cases. the researchers
conducted a second employee retention.

Range of Parts by Appraiser (Stacked)

.

—+—Raget

—a— Apge2

—i— Regad

Fig 6 error Measuring the level of the Manual.

It can be seen that the main problem that occurs
in the measurement of 3 percent repeatability and
measurement repeatability value at 40,53, as the basis for
judging the results of the analysis GRR if% GRR less
than 10%% acceptable if 10%. less than® GRE up to 30%
may be acceptable depending on priority, cost, etc. If
the® GRR over 30% admitted not need to be updated
NDC over five process GRR must be less than 10% to be
admitted. have I want to measure with high precision
measuring instruments, Kitisak (2005) and ALAG (2002)

3.2 In the process of measuring gauge flat
and two-axis robot.To test the system, measured using a
measuring plane {after the trial), the measurement of the
workpiece with a staff of three people and a sample of 10
specimens by measuring the level of design in the above
order. measure the level of work that has to live by the
values in table & square meter flat and a two-axis robot.

Table 5 shows the caleulated measure of a flat 2-axis

robot

The formula results
Equipment variation 0.0120
(EV)
Appraiser variation 0.0011
(AV)
Repeatability and 00121
reproducibility (GRR)
Part vaniation (FV) 01982
Taotal variation (TV) 0. 1986
%EWV 6.05 %
o AV 0.54 %
%GRR 6.07 %
%PV 9982%
NDC  (Number of 23.17
district categories)
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Futln My Pl it

o | ,/ \\\

Fig 7 Tolerance Measuring the level of a two-axis robot.

Measuring the level of a robot made to measure
flatness of the workpiece. Test by measurement Gage R
& R, with the acceptance criteria% GR & R has not
exceeded 30%, the results show that the%s GR & R was
6.07% during the instrumentation it. But it should be
very good does not exceed 10% | Kitisak (2003),AIAG
(2002)

3.3 cumulative numerical analysis
tolerances. (Arithmetic Tolerance Stack Up Analysis)
is the result of the measures. But the extent to which it is
bound to be the most valuable. If you can accept the
waste in the production process or part of a statistical
process control (Statistical Control) statistical analysis
tolerances (Statistical Tolerance Stack Up Analysis)
method is preferable. The calculation of cumulative
tolerances to use this method of determining the Root of
Sum of Square (RSS) value of individual tolerances of
the parts that affect the cumulative tolerances.

M

-
1

Fig 8 Font view meter flat Laser Displacement.

Fig 9 Right view meter flat Laser Displacement.

Table 6 Tolerance value of the underlying.

Mo. | Description Mean Tolerance
(mm )

1 A 20 +0.010
2 B 10 =0.010
3 2 57 +0.020
4 D 18 =0.010
5 E 48 = 0.020
6 F 20 +0.010
7 G 39 =0.010
8 H 28 +0.010
9 1 8 +0.010
10 Al 24 +0.010
11 K 24 +0.010
12 L - +0.005
Total 296 =0.135

RSS =T12 +T22 + - T1n? | 004153

The cumulative numerical analysis, tolerances
{Arithmetic. Stack) analysis, tolerances cumulative
rumerical (Arithmetic Stack) is caleulated + 0.04153
mm, Therefore, the error of measurement of flat, after the
assembly is between 29595847 to 296.0415 mm. It was
goncluded that the Tolerance of. the prototype is equal +
0.04153 mm.

3.4 Calibration Master, size 10 mm. Used to
compare the ability of a device that can be used or should
calibrate the device by experiment 10 times and collected
280 point mspection
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Fig 10 Calibration Master, size 10 mm

Flatness Test

VY .,
L T R
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Fig 11 The first test of the relationship between the test
and the flat = 0.0162 mm .
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Fig 12 Thetelationship between the frequency of tests
and the data first.

Flatness Test 1-10

el ]

Fig 13 shows the graph of a flat prece of Master 10
times.

Calibration Master, size 10 mm. Used to
compare the ability of the expenment 10 times and
collected 280 point inspection results show that the
information collected in the 10th. The result is + 0.01615
mm. The meter flat with robots, two-aas by graph 5
graph shows the flatness of the workpiece Master
MNumber 10 times the maximum 0.095 mm. And lows.
the graph -0.008mm. The fourth graph of the relationship
between the frequency of the first test and found that the
distribution of the data obtained from the measurement
of the level of Master specimen size 10 mm. Is credible.
Tools that measure the level of the test results is that the
error is  0.01615 mm , Kitisak (2005(, and AIAG
({2002

4. CONCLUSIONS

The machine measures the level in the theoretical
caleulations. The diserepancy is 0.04133 mm, but in practice
the average measurement experiments. Out that the value is
0.0323 mm, which results came out. Less than the calculated
values are. 9.23 micrometer Calculated for comparison between
the workpiece and a man 1s measured by measuring the level of
work we have concluded that The percentage redundant
measurement (% GR & R equipment that 1s acceptable at less
than 10% at 6.07%, while the man is at 40.53%. which is a
wvalue that has not up to the standards of the. repeated measurss
It held that the measure of infantry, This reliable and can
measure the level of work efficiency. The quick response to the
operation.of the system.
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