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ABSTRACT
In the 21st century, the companies have already marched toward the

internationalization and globalization. In order to maintain the competitiveness
of the products, the manufacturing technology and the quality of the product

must be constantly upgraded. The mechanical manufacturing industry has very

Important status in the Taiwan ; for example, the ranking for exporting the tool

machines has listed top ten of the world. However, the technology progresses
rapidly, the accuracy of the products has increased to micrometer and nanometer.
Following on the high precision products, the more precision measuring
instruments are developed to measure the products. In addition, the quality of
products, beside the manufacturing equipments, materials, and management
system, it more relies on the suitable measuring instruments to inspect the
product’s feature. and dimension Therefore, the measurement shall be reaching
the goal of accuracy, speed, stability-and reliability.

In this research, Taguchi’s dynamic-method was applied to find the optimal
condition to improve the measuring quality of the Coordinate Measuring
Machine. Brainstorming with professional engineers to find out the main

influenced factors, Taguchi parameter design approach was subsequently used to

decide optimum and robust factor combination via conducting an experiment ; ,

then we get the best and robust factor level combination through the
confirmation experiments. Based on the case study, this research obtains a better
the parameter level combination, and efficiently upgrades the accuracy of the

CMM measurement.

Keywords : Taguchi Methods, Dynamic Methods, Coordinated Measuring

Machine, CMM
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BT A S P A R s B R BT A K
Filtoa{phEReniE REAZFHSTWA L ehEAR 7 U IR3
FI* - 2E  FERRAAF Y FUETHETEDREL B L
E o 2 AN E A A Sl Bed T RammR A d S R
PP ETEALDEFEL > SFFL IE L7 3w H - FENE
ey TRY ASBAARASE R REOTIEFA oo AL S# T )
* ?rﬁ)” (Taylor) B B ;¢ 17 H 850 5

L (y)=k(y-m)?

N

Py R
TRy P pRE
L(y): &5 FHEyhibpBeapis iz
PR A Gl K ET D RNRR S LERGITL RER o
BT R S L Sl A BT Z R
1. % p ¥ (Nominal-the-best » NTB)
BEFEEG - FREEL PR 2 RR S T REE 2
éiﬁ%ﬁ°%é%%$ﬁ—B%@%’é%%?ﬁgéiﬁ%o
Placd i % <~ E R T BRE 2D R 4 T LY
B )5 T T EE R F T AT BRI
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L(y)=k(y-m)?

2. %] #1 (Smaller-the-better ; STB)

B TR AR AR 2 L e RIEL S YL SRR

HFZSTHEET - BREIUE > STHFEELAR] » Hik g

= L(y)=kp?
3. % ~ #+ (Larger-the=better5:LTB)

PETAE AR PR R YA BT
foH S BB TN o BT E AR
AR 2 AR > Bldep RBEFE S T P RAE S FRRAR
FORAAEL OBEELANRS cFARFEEY ST
> Ef e FARFHEETIEA Iz 5

L (y) =k (1/ y2)
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AR E R AT D WU AERTS KR EX R W
$oRE ARSI ORE A R BTHLRS - Bmi e

FIFF R e gpm > Qg = AT A ¢ H e o
%5 %1+ (Signal factor): §#HF P HFEsc® % F¥AK
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BEFF A ¥ d ARRFEAL T LA ERE D BE S B
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oML S 1A S 2 B (A 2003) ¢

B3k 3t (Systemdesign) @ * f£ & #2433 (concept design)
BULFFEY AR IRAREFET E S TREE ) kAR
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Bk R R R B LR A LE A - BT KRR
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R e R EK PR ARS8 T FRIEE

R
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~
A
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B A o I R Sl E ¥R A T
(ANOVA) % & 1+ R A O izt > L LRFPELT L -

3.3.3 SNitu v ariid it

AR o kP TR W - AR lmaE R
e e E AR A S E A AR AR W R R o Flte T L
B* Ak 43514 eni et (Signal-to-Noise ratio
SN ) BE > s FEARE TR E SN R 27 ST
PARE T R BFHAL 7 SN FREs 29 =i+

3 i

Za
o=

» BB E Nded 3-1 o

SN BB & T 54 (Fowlkes and Crereling, 1995) :
(1) SN 7 F &g B o

(2) SN oS F R hT 0@ 3 a b o

(3) SN » 12 dp st -

(4) SN & fi B P qrde iz 4 o

B Pk i 1Y 425 (two-stage optimization procedure) & = v 3
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(1) B+ v SN v 12 o8 333 chag g 4 o
(2) pFETmET P REF -
Bt 3 ERE L ST e (FRPE o 2003) ¢
1. # SN 2 T3afEng FFDF]F o 2 g i b~ i SN v endy i
F+ kB -
2. SN BE tHIHE s BEDFF - DTS o &

IR PEIE AL R AR B o B ) 8 SNt G e R

3. HON 1§ BF I BN B FATF o AR B

("

4. ¥ SN 2 T35 RG FEANF]T o TG L FF 0 AP 0L

P

B e kgl Pk R Bk ER b RS S AT F o

P RE R AR REL TR SNt a8 T A PR B E AR
RE- G f@okfFe s 7o m i L Ry g R S A
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Z 3.1 SN A A2 3-8 58 2 4 B P M 1%

S oy e SN st 2+ 5 3¢ B o S
EE 10%1ogi(y’/s”) TEAFTIRTHEAT PG
F = #F1  -10%logu(1/n i:i‘ 1/y%) -k

Rita Ry O TR DR L LB LR WA SR LT
RS FEE > BLomEFEASZS R AP RERLF » wi- T
FRPM G EDRE B NIRRT B S 2 b RS TR
Rw - Bl - TEhEFPN By FlF B2 FF R AF- BIEE
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factor)  ZELFIF 7 d @& * K (Fpp 4l & ey BT o

%17‘ ]+ "’E’ﬁaa]”" Fl+ By el o Bl BF Y o A A
A5 0 RN B B AF R T e 5 R B BN S B B 5N o
FEEV BV BE RSN G
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& ° B 5 Brown & sharpe (4c@®l 4.1 #777 ) @& * 3 =508 & PCDMIS 3.5

R o

Bl 4.1 &58 ’?f\?i:—":i 7‘?/?12‘ liz (Brown & sharpe)

4.2 =5 % 35 1

)

ZXABPEREPIE E /Pjﬁ? T2 ‘*"‘L T Kiﬁd P AT 2 i[aoﬁ;'J ?/:Qﬁ’t#};l

=

£ ET] PRSI RES & T PR E TR SRS PR R
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# 98~
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FAAH (D) AP E5 - xqmaN 28 (2) #+5 ¢
Bl F15 KB SNt & Gk 2 B FF 22k B - (3)
% 2 #c 4 7 (Analysis of ¥ariance ;s ANOVA) & %]+ E’v’ﬂﬁ}f;)e
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PIE ERFAREERELRRE L TEAMLY R F P EHR
T T T LR TS P PR
ﬁi"ﬁmrﬁj\ AT = BoRE (ML SM2~M3) 2 {285 HE B HE

PLF S RS HRE E R 4] T o

141 BEFS KEEEEARY EHE

FELF S K| MR E (o) | HEEHARE & (mm)

M, 1 0. 99997
M 50 50. 00009
Ms 100 99. 99997

G BB R84 - Mitutoyo, BM3-76-0, 0%, &4 F)
A e Bl

2L 5REELERIFMAR L RGFES Z R
T RE PP EARY ol T F Y mpéﬁ’»m%ﬁr’ 7 4 (stylus)
Nihd R AR £ oo 0 F B3 458 B (Touch trigger probe)
T+ BB E (sensor) #wjfw » Hffw + (Trigger force) s 2 =
L(X/Ye ) s AR B R AR B (ke b )T R
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fed TR S n ¥ SR RS EEA LR AL
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BN~ NLo« i 456 B3 7

Flief e RFEDEE ) P42

F 5 eF AT A

L /’
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T
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NDi ~ ND: ; ¥ - &

% 2% 50mm(F 4218 H0mmpEF > ff 5 5F R B

¢+ (D1~6mm) 5 i&

P o MFT G ATIE T 2GR FIHE K > Aok 4.2 7T o
& 40200 Fls 2 kR
33 F+ F|+ 38 P k2 — !
NW R Y B4R 4 B b 4
NL £ Kt 30 mm 50 mm
ND fj &2 s 1 mm 6 mm

LR F S Rk

Ed M E R E
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A "}%12{ ET?“F\ .':l', _'é;_ﬁ E’f’!ﬁiﬂ,"lj_@‘]; _kr.gl 4 3 T S

b 2 it B
(MOVESPEED) ( TOUCHSPEED ) (ACCELERATION)
=
B
|
B
Rl iER E v R 3 AL FE AR
(Temperature) (RETRACT ) (PREHIT)
Bl 4.3 2R ERE ZZEE FL 47 E
LB T e R
(1) \1% ARz 8 AE (Temperature ) = =x ~ip| & & - L F_7& 20

CIC2 2R T/ 2 X EH T HRITFR A 2§ 45T

ey &3 }%?ﬁ;/?l){”q BTk /_w‘)iz%* leé"%%ngli\zfﬁ%i

—\

o BERE EPBER o T AR HRETIES AR
AR EZ R RARE D MIRiT 28 20CH3C F AH D E 2 1T
CT~20C~23CE=-k#& o

(2) ¥+ B: % (MOVESPEED) » jfl 4% =45 e & > 100% 08 +

f&it =860mm/sec ; f§ 4+ AP SR B RIPFRARS o p W IR
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e iT 5Bk 5 100% AF7 L P EEEdcE > 2 ] Benz K EG
20% ~60% ~100% -
(3) F1+ C: #f¥:#& 5 (TOUCHSPEED) » 322 + 100%:3 ~ f&:i#
=860mm/sec » fe ¥ B 1 iy AFk 23 20% 5 Y (WL RE
Pty ) FERIIAZA RERLONP SR 22 R
Bl o fkm > RGEAFRGE F R Y 4%-D%PF » F IR ALIESIE |
(<Imm) > 2 8 RIENIRP B iR L > FPL IR F R Y 82 3%
PR pEHcE 0 A5 1% 2% ~3% = BoRE
(4) %]+ D 4ci# & (ACCELERATION) - &3 7 & * %-#c 4300 mm/sec? >
PR = Bl S 700 mm/sec® ~ 2500 mm/sec® ~ 4300
mm/sec’ e
(5) #F1+ E: & w§Edg (RETRACT) > £ wjEHEE <~ 7 1 1 (T4 5 e
o A RRPARFAEY IHBEFEF AT FoF 02 10mm
PR RE AR o AFTT RILFR Y S8 0. 5mm B % B TR
KEZ 0.5 mm~5 mm~ 10 mm e
(6) F1+ F: 3gpipedp (PREHIT) 25w FEHEAPF o FERLEESE & 7
IAFER L R RRPBEEFD 27 F - 25 EF P2
A B &g EALFEHY JF RSB STl pFEY 4 5

M ERREL o AT RRFRY S8 10 mm B H o TR =
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KEE 0.5mm~5 mm>~10 mm e

BAAIFS SRR Ak 4.4 AT e

% 4.3 F i TS ok

ol ¥+ F]+ 3 P £ i [ 5 S [
A Temperature (°C ) 17 20 23
B MOVESPEED (%) 20 60 100
C TOUCHSPEED (% ) 1 2 3
D ACCELERATION (mm/sec?) 700 2500 4300
E RETRACT (mm) 0.5 5 10
F PREHIT (mm) 0.5 5 10

4.8 T § NE &

e

AE BTG BEHFF A FF L2k A E BRI
T ERT o N R LA ES LisE LA o gttt 2 BReg 7

+ 0 23 2 RES st iplE R A REEUERE LR AP K-

fs 2. %% 4rdk 4.4 751 o
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4.5 {79 =%

LR S AR

kg

FEE TSR R ARAL  AF &

I

i

|~

’TIJ? TF):»B (_’%’_;,E!P"A‘/B )@f‘?l%g [ ?,Eﬁ_gf_ﬁg_lﬁljl ﬁik ﬁ iﬁiiﬁ#%% ’
VLA MR ERRZER TR I BTN R EJ B

HEPEIR-=*-F% (run) =5 12 £ PE > B+ 216 £ 2 PlEIR

NW 1 1 2
NL 1 2 1 2
i ¥+ ND 1 2 2 1
Run| e A B c D E F e M= 0.99997
1 1 1 1 1 1 1 1 1 1.00107 | 1.00054 | 1.00062 | 1.00209
2 1 1 2 2 2 2 2 2 0.99969 | 0.99803 | 0.99727 | 1.00055
3 1 1 3 3 3 3 3 3 0.99799 | 0.99693 | 0.99497 | 0.99695
4 1 2 1 1 2 2 3 3 1.00065 | 1.00166 | 1.00147 | 1.00202
5 1 2 2 2 3 3 1 1 1.00181 | 0.99994 | 0.99762 | 1.00114
6 1 2 3 3 1 1 2 2 0.99721 | 0.99764 | 0.99542 | 0.99844
7 1 3 1 2 1 3 2 3 0.99896 | 0.99823 | 0.99796 | 1.00019
8 1 3 2 3 2 1 3 1 0.99686 | 0.99663 | 0.99586 | 0.99749
9 1 3 3 1 3 2 1 2 1.00259 | 1.00599 | 1.00467 | 1.00451
10 2 1 1 3 3 2 2 1 0.99589 | 0.99673 | 0.99507 | 0.99745
11 2 1 2 1 1 3 3 2 1.00064 | 1.00087 | 1.00077 | 1.00263
12 2 1 3 2 2 1 1 3 0.99609 | 0.99613 | 0.99547 | 0.99615
13 2 2 1 2 3 1 3 2 1.00021 | 0.99834 | 0.99792 | 1.00054
14 2 2 2 3 1 2 1 3 0.99621 | 0.99594 | 0.99592 | 0.99674
15 2 2 3 1 2 3 2 1 1.00133 | 1.00162 | 1.00073 | 1.00236
16 2 3 1 3 2 3 1 2 0.99916 | 0.99823 | 0.99696 | 0.99899
17 2 3 2 1 3 1 2 3 1.00233 | 1.00673 | 1.00567 | 1.00497
18 2 3 3 2 1 2 3 1 0.99876 | 0.99933 | 0.99726 | 1.00079
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e 4 5 ’ﬁ & /E IE' ( 'g)
NW 1 2 2
NL

2
2 1

1

1 2 2
M,=50.00009 Ma= 99.99997
49.99968 | 50.00021 | 50.00194 § 99.99999
50.00012 | 50.00008 | 49.99779 | 49.99945 § 99.99885| 99.99908 | 99.99844
49.99522 | 49.99778 | 49.99549 | 49.99655 | 99.99595| 99.99628

49.99985

99.99911 | 99.99989

100.00203
50.00160

50.00057 | 50.00059 | 50.00244 | 99.99997 | 100.00079
50.00043 | 49.99935 | 49.99881 | 50.00063 § 100.00078| 99.99925 | 99.99692
49.99651 | 49.99733 | 99.99538| 99.99625

99.99986

99.99604

99.99776
49.99653

99.99952
49.99685

100.00095
49.99899

49.99924 | 49.99910 | 50.00041 | 99.99779 | 100.00041| 99.99705
49.99589 | 49.99804 | 49.99540 | 49.99741 | 99.99569 | 99.99831

99.99918

99.99512

99.99488
50.00077

50.00173 | 49.99950 | 50.00281 | 100.00020| 100.00110| 99.99949
49.99732 | 49.99778 | 49.99629 4|149:99575 | 99.99585| 99.99708 | 99.99634
100.00032| 100.00009
49:99595 . 99:99495 | 99.99268 | 99.99354
49.99891 |.49.99933 |} 100.00048| 99.99825

100.00147

99.99495

99.99777
50.00056

50.00050 | ,50:00071 | 50.00269
49.99492 | 49.99468+ 49.99389
50.00013 | 49.99955

100.00203

99.99786

100.00007

100.00203
49.99603

49.99775 1.49.99541 | 49.99733 | 99.99608 [ 99.99545 | 99.99442
50.00116 | 50.00071 | 50.00053 | 50.00161 §100.00159| 99.99991

99.99526

99.99712

99.99908
49.99799

50.00104 | 49.99760| 49.99941
50.00068 | 50.00135| 50.00078 | 50.00321f 99.99998
49.99929 | 49.99974 | 49.99840( 50.00081

99.99458

99.99998

100.00105
99.99839

99.99941

99.99775

100.00057
100.00048

99.99910 [100.00231
100.00011| 99.99755

99.99799

100.00137

Jo

' 2L 5
}\ 3

Ttz #eF g el
2 & SN - %

-t

SNtz Big
BEH LB AR ho T
k

r=nh XZ Mi2
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r = 4x (0.99997°+50.00009%+99.99997%) =50004.01176

K
sifre & (Linear combination) : Lj= 37 (Miy;)

1=1

L; = (0.99997x1.00107 )+(0.99997x1.00054 )+( 0.99997x1.00062 )+( 0.99997
x1.00209 ) + (50.00009x49.99985 ) + (50.00009x49.99968 ) + (50.00009
x50.00021 ) + (50.00009%x50.00194 ) + (99.99997x99.99999 ) + (99.99997

%99.99911 )+(199.99997x99.99989 )+(199.99997x100.00203 )=50004.19082

h
BEB= (3 LI

1

(1= 50004.19082 / 50004.01176 = 1.000003591

k- h

I = % fe(total sum of squares) : 'SSy= Z Z yij2

=1 =1

SS1,=1.00107%+1.00054+1.000622+1.00209%+49.99985+49.999682+50.00021>
+50.00194%+99.99999%+99.99911%+99.99989%+100.00203° =50004.38166

h
#l 2 I = Je(sum of squares for the slope) @ SSs=( 3 L)’ /T
=1

SSs1=(50004.19082) 2 /50004.01176 = 50004.38164
#4T o1 SSy =SSy SSs

SSy; =50004.38166 - 50004.38164 = 0.00001432

327 % X MSE = SSy/ (hk-1)

MSE;=0.00001432 / (4x3-1) =0.00000130
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53t 1 SN= 10 x logy ( B°/ MSE)

ly

SN; = 10 x logsg (1.000003591°/ 0.00000130) = 58.85539

246 Lg% ONVE BE

Run| e A | B C | D E F e SN B
1 1 1 1 1 1 1 1 1 58.85539 1.00000
2 1 1 2 2 2 2 2 2 58.27300 0.99999
3 1 1 3 3 3 3 3 3 52.22587 0.99996
4 1 2 1 1 2 2 3 3 58.01919 1.00001
5 1 2 2 2 3 3 1 1 57.32325 0.99999
6 1 2 3 3 1 1 2 2 54.42018 0.99995
7 1 3 1 2 1 3 2 3 56.80949 0.99999
8 1 3 2 3 2 1 3 1 52.29522 0.99996
9 1 3 3 1 3 2 i 2 50.57943 1.00001
10 | 2 1 1 3 3 2 2 1 51.93722 0.99996
1| 2 1 2 1 1 3 3 2 58.20451 1.00001
12 | 2 1 3 2 2 1 1 3 51.09893 0.99993
13 | 2 2 1 2 3 1 3 2 58.90051 0.99999
14 | 2 2 2 3 1 2 1 3 52.30141 0.99995
15 | 2 2 3 1 2 3 2 1 58.76026 1.00001
16 | 2 3 1 3 2 3 1 2 56.15958 0.99999
17 | 2 3 2 1 3 1 2 3 49.55068 1.00001
18 | 2 3 3 2 1 2 3 1 56.83489 0.99999
18 | 2 3 3 2 1 2 3 1 58.85539 1.00000

BEOVEEFFREE (SN ) 2 47700 & F]F kAN

2 oark A B2 SN v T3 ok o B A 4eB 4.4 2 & F]F ke SN
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RS N e

SN A B C D E F
sk — | 5509915 | 56.78023 | 55.66157 | 56.23760 | 54.18682 | 54.38633
k1 56.62080 | 54.65801 | 56.54001 | 55.76770 | 54.65752 | 54.95847
4'¢ 5370488 | 53.98659 | 53.22324 | 53.41950 | 56.58049 | 56.08003

LER'S 2.91591 2.79364 3.31676 2.81815 2.39367 1.69369
SN
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% 2 FG kBB EE Hank
B A B C D E F
’}ilﬁ'@— 0.999975 | 0.999990 | 1.000009 | 0.999982 | 0.999974 | 0.999979
AR = 1 0.999982 | 0.999985 | 0.999981 | 0.999981 | 0.999986 | 0.999986
’}ii?.:_ 0.999992 | 0.999975 | 0.999961 | 0.999987 | 0.999991 | 0.999988
8% | 1.65%10% | 1.47*10% 4.796*10%| 5.2*10% |1.708*10 |6.753*10°
3
1.0002 r
1.0001 r
1 |-
MAS WBB ! o0 i3 'ﬁ.ﬁ.ES *=* TP 53
C3
0.9999 -
0.9998 S
2] 73
Bl 4.5 & ]+ -KE B Ercsk B

IK%SN“‘ g & 0 SNt ﬁ—': @i& (:}F—‘Ji,

A281C2D1E3F3 °

v

FlFokREPLEEH

&

sk B 0 E 4 ISNE R A 2 KBS

2% H e b

EREAERERERS .

2

n

(<

= % =
’P’«r.fﬂ-d-

ok > AWz Bl pER

v AXARIT | \_}fﬁ'°4kr'

1) F RS kO SN

2 WREB KR L

RO F AAF MR o 83T | e




A gl kg 0 KT F 2k BV A R ]G ki e

>
=

&0 FARE A 2 AP R KT B E 2 S E > T AL

DB FTF o A4S T - HAERE BFSEHIER LS

o
=
o

R A1 (ANOVA) » R - g Z BLen= 2 > 538 ANOVA 7 1=k
FAL AL NEFFOERPE(TR) o9 T ALERE TRAT A0

(Percent contribution) s i — F]3 #4%,T 3 frﬁﬂﬁ}}‘%’%ﬁz o ??/,%}i'ﬁ
A E R Rdg - FlF MR 2 Apsta 4 o AF RDANOVA 4oL 4.9 2

% 4.10 #75F o

Z 459 SN2 R e 47 £

2B Lk pd R SS MS F TS e ?EL;U%
A 2 25.52393 12.762- 15278383  11.046079 6.01%
B 2 2551808 12759 15274881  11.040229 6.01%
C 2 35.43604 17.718 21211675  20.958185 11.40%
D 2 27.35378 136769  1.6373711  12.875925 7.01%
E 2 19.29808 9.64904 1.155165  4.8202329 2.62%
F* 2 8.907703 445385  0.5332067
WA 5 41.76478 8.35296
(& L) 7 (50.6725) (7.2389) (123.06174) (66.95%)
B 17 183.8024 183.80239 100.00%

Ry ES LT el AN T AL
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% 4.10 B2 B2 #,A 74

2R KR pd R SS MS F &L 3 e ?ﬁ;&fi
A 2 8.29E-10 4.1E-10 1.5978734  4.826E-10 4.42%
B 2 6.69E-10 3.3E-10 1.2896426 3.228E-10 2.96%
C 2 6.96E-09 3.5E-09 13.417378 6.614E-09 60.61%
D* 2 8.92E-11 45E-11 0.1718702
E 2 8.97E-10 4.5E-10 1.7282416 5.503E-10 5.04%
F* 2 1.72E-10 8.6E-11 0.3317965
A 5 1.3E-09 2.6E-10
& EHFL) 9 1.6E-09 2E-10 2.943E-09 26.97%
4o 17 1.09E-08 1.091E-08 100.00%

TRy ES LT el A S T A HEL

B EA A AR T Y L eRR YR
ERla e Batiis o EAR2 (P SAAGER 0. 5mmif | ) Fl B A i
Fl+ 2 & 5 ABICDIESF, s & F T g FlF 2 8 2 SN o ikip % R ik
AT R BT 0 FIFASBSCoDEEdock 5 B F o FIL T k2 FD

K e & T SN 4T

SN=5N+ (A;SN) + (B1-SN) + (C,-SN) + (Dy-SN) + (Es-SN)
:ATZ+_Bl+62+_Dl+E3' (4x S_N)
— 55.62080+56.78023+56.54001+56.23760+56.58049- ( 4x55.14161)

=62.19273
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4.7 FEF &

TRBEI KNSR EAI IR AP AR TS kB SRR

ETTS
f‘

TR 20 FRGFERBE AT ERNT &KL N 25
# % B (Confidence Interval) e 4o% /g3 B ig % SN vb % & b i enfy
BREFFEIPN 27N PEPREFFFAB-C-D2 EHH ok
LppgeneF 2 F N BF et B FH B PR &7 F % L% i

RAE By F] S kB AL F R EATHRE o

FERF 2B SN v 13 ﬁ'F' T 2 B o i

= \/ Foi,ve X Ve x (1 /nefe+ 1/r)

H v
Favo= 28 F K& qgalip
a= B¥F-kE > Qif-kE=1l-1
V= EEHFAFEH2ZpI A
Ve= & BHFL %L
Nerr= 3 PTERLIP| B
Neff = B
1+ [* ki TroE 2 73 i fd &)
r = FELF Pk 2tk A #c
A BN PSR R 1L S (15 trials) dwEng s > Flt SN T35 o

959 13 ¥ & B A
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Cl= y/ A7 x7.2389 x ((1/(18/11) ) + 1/15)

v 5.59x 7.2389 x (11/18 + 1/15)

= y/ 27.42670

= 5.23705
7R AP 9506 iR R LR ML W H SN 2 R G
62.19274 + 5.23705
= 56.95569 ~ 67.42979
EAF 1D AR S 0 B R R TSNt @ 5 58.53044 0 F
itz R EFFERN O FF RS e
AT b iE T3 K B ST (ABCDIESF,) T 7 1D XA E & o

£ ER 180 & FplHchh o H B AR s SN o Aok 411 R o R A

Py FEHFEHE R R EongEiEC | BEAREE-REE | 5 A

1Et

V) RE - Fehend B L R Ayhed 412957 o 00 R AR

“W

& (AB3CsDEiF3) T » {7 16 =xF %% > = & 180 B & Pl dcdy -
A 1457 o B vt ibse g w e o2 kbl g e g o RSN e

Ei%’*i i‘g_,,_ % 10.60404 db; E B &R ETEEL E Ay P S ,;_j 778

95 » 4 iﬁ{iﬁﬁ}i;}{t% 8% » sl & % F1@4ok 4,15 -
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% 4.11 ﬁ’»‘i?}{ r\i%ﬁi <A251C2D1E3F2) ﬁ;&? :‘5@&%3‘ SNt

nw |1 1 2 2 1 1 2 2 1 1 2 2
N ! 2 1 2 1 2 1 2 1 2 1 2
no |1 2 2 1 1 2 2 1 1 2 2 1
Run M= 0.99997 M,=50.00009 M;=99.99997 SN
1 | 0.999380.99895 | 0.99794 | 1.00129 |49.99970 49.99856 |49.99786 [50.00109 J99.99934 |99.99883 [99.99738 [99.99968 |58.25584
2 | 0.99918[0.99885 | 0.99784 | 1.00148 }49.99990 |49.99896 [49.99863 [50.00059 J99.99974 |99.99903 [99.99758 | 99.99938 |58.98648
3 | 0.999580.99965 | 0.99864 | 1.00108 |19.99920 49.99926 49.99803 [50.00069 [99.99924 |99.99873 |99.99818 | 99.99978 |61.18028
4 | 0.99868|0.99955 | 099874 | 1.00118 [50.00000 |49.99936 [49.99783 50.00039 [99.99964 |99.99883 [99.99728 [100.00138]57.94948
5 | 0.999580.99945 | 0.99834 | 1.00138 |19.99970 49.99916 49.99873 [50.00129 99.99924 | 99.99943 |99.99818 [100.00038]59.86907
6 | 0.999380.99935 | 0.99824 | 0.99998 }19.99990 49.99956 49.99813 [50.00169 §99.99804 | 99.99933 |99.99828 | 99.99978 |59.32891
7 | 0.99898|0.99955 | 0.99784 | 1.00098 J50.00060 J49.99926 [49.99788 [50.00139 J99.99894 |99.99983 [99.99768 [100.00008]57.94562
8 | 0.998881.00005 | 0.99834 | 1.00088 |19.99940 49.99886 49.99773 [50.00139 |99.99874 | 99.99933 |99.99778 [100.00118]57.81465
9 | 0.999380.99925 [ 0.99834 | 1.00118 |19.99950 49.99826 49.99903 [50.00149 [99.99834 | 99.99863 |99.99788 100.00058|58.63557
10 | 0.99928]0.99915 | 0.99814 | 1.00148 |19.99890 49.99906 [49.99803 [50.00139 ]99.99894 |99.99853 |99.99808 [100.00078]58.01380
11 | 0.99928{0.99875 | 0.99824 | 1.00138 J50.00010 49.99966 [49.99823 [50.00119 J99.99924 |99.99933 [99.99778 [100.00128]57.91480
12 | 0.99948[0.99895 | 0.99814 | 1.00118 J50.00010 49.99886 [49.99843 [50.00129 |100.00004]99.99823 [99.99728 [100.00038]57.90382
13 | 0.99858]0.99905 | 0.99815 | 1.00118 |19.99960 [49.99927 [49.99856 [50.00059 ]99.99894 |99.99843 |99.99728 [100.00108]58.00723
14 | 0.99948|0.99945 | 0.99794 | 1.00088 J50.00010 49.99846 [49.99883 [50.00139 J99.99864 |99.99913 [99.99748 [100.00078]58.21210
15 | 0.99838[0.99925 | 0.99854 | 1.00148 |49.99950 }49.99926 [49.99753/50.00099 J99.99824 |99.99963 [99.99738 | 99.99988 |57.93895
B 58.53044

2 412 B 3K L5k (ABCDIESF, ) 5 B354 2 (P-4 5 &)y
nw | 1 1 2 2 1 i’ 2 2 1 1 2 2
NL 1 2 1 2 1 2 > 2 1 2 1 2
ND 1 2 2 1 1 2 2 1 1 2 2 1
Run M;=0.99997 M,=50.00009 M;=99.99997 Ay
1 10.00059 |0.00102 {0.00203 |0.00132 | 0.00039 | 0.00153 | 0.00223 | 0.00100 | 0.00063 | 0.00114 | 0.00259 | 0.00029 | 0.00123
2 [0.00079 |0.00112 0.00213 [0.00151 | 0.00019 | 0.00113 | 0.00146 | 0.00050 | 0.00023 | 0.00094 | 0.00239 | 0.00059 | 0.00108
3 [0.00039 |0.00032 0.00133 [0.00111 | 0.00089 | 0.00083 | 0.00206 | 0.00060 | 0.00073 | 0.00124 | 0.00179 | 0.00019 | 0.00096
4 10.00129 [0.00042 |0.00123 |0.00121 ] 0.00009 | 0.00073 | 0.00226 | 0.00030 | 0.00033 | 0.00114 | 0.00269 | 0.00141 | 0.00109
5 [0.00039 |0.00052 0.00163 [0.00141 | 0.00039 | 0.00093 | 0.00136 | 0.00120 | 0.00073 | 0.00054 | 0.00179 | 0.00041 | 0.00094
6 [0.00059 |0.00062 0.00173 [0.00001 J 0.00019 | 0.00053 | 0.00196 | 0.00160 | 0.00193 | 0.00064 | 0.00169 | 0.00019 ] 0.00097
7 [0.00099 |0.00042 0.00213 [0.00101 | 0.00051 | 0.00083 | 0.00221 | 0.00130 | 0.00108 | 0.00014 | 0.00229 | 0.00011 | 0.00108
8 [0.00109 |0.00008 [0.00163 [0.00091 | 0.00069 | 0.00123 | 0.00236 | 0.00130 | 0.00123 | 0.00064 | 0.00219 | 0.00121 J0.00121
9  [0.00059 |0.00072 |0.00163 [0.00121 | 0.00059 | 0.00183 | 0.00106 | 0.00140 | 0.00163 | 0.00134 | 0.00209 | 0.00061 | 0.00123
10 [0.00069 |0.00082 |0.00183 [0.00151 | 0.00119 | 0.00103 | 0.00206 | 0.00130 | 0.00103 | 0.00144 | 0.00189 | 0.00081 | 0.00130
11 [0.00069 |0.00122 |0.00173 [0.00141 | 0.00001 | 0.00043 | 0.00186 | 0.00110 | 0.00073 [ 0.00064 | 0.00219 | 0.00131 ] 0.00111
12 [0.00049 [0.00102 |0.00183 [0.00121 ] 0.00001 | 0.00123 | 0.00166 | 0.00120 | 0.00007 | 0.00174 | 0.00269 | 0.00041 | 0.00113
13 [0.00139 [0.00092 |0.00182 [0.00121 | 0.00049 | 0.00082 | 0.00153 | 0.00050 | 0.00103 | 0.00154 | 0.00269 | 0.00111 | 0.00125
14 [0.00049 [0.00052 [0.00203 [0.00091 | 0.00001 | 0.00163 | 0.00126 | 0.00130 | 0.00133 | 0.00084 | 0.00249 | 0.00081 | 0.00114
15 [0.00159 [0.00072 |0.00143 [0.00151 | 0.00059 | 0.00083 | 0.00256 | 0.00090 | 0.00173 | 0.00034 | 0.00259 | 0.00009 | 0.00124
HE 0.00113
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% 4.13 R4o% 7 %8k (AB3C3DEF3) # o Hicdy 2 SNt

NW 1 1 2 2 1 1 2 2 1 1 2 2
NL 1 2 1 2 1 2 1 2 1 2 1 2
ND 1 2 2 1 1 2 2 1 1 2 2 1
Run M= 0.99997 M>=50.00009 Ms= 99.99997 SN
1 [0.99723 [0.99111 [0.99707 | 0.99556 | 49.99666|49.99071 | 49.99649|49.99708] 99.99677 | 99.99073 | 99.99528 | 99.99656 |47.87978
2 | 0.99693 |0.99052 |0.99637 |0.99575 | 49.99786 |49.99012 | 49.99539 | 49.99678] 99.99617 | 99.98983 | 99.99498 99.99526 |47.30357
3 |0.99783 |0.99092 |0.99597 |0.99605 | 49.99556 |49.99041 | 49.99469 | 49.99628] 99.99667 | 99.98973 | 99.99678 99.99576 |47.34473
4 099643 |0.99122 |0.99637 [0.99745 | 49.99726 [49.99031 | 49.99659 | 49.99678] 99.99627 | 99.98943 | 99.99388 99.99666 |47.78742
5 |0.99723 |0.99152 |0.99598 |0.99515 | 49.99756 |49.99051 | 49.99599 | 49.99678] 99.99687 | 99.98963 | 99.99548 | 99.99656 |47.48774
6 |0.99653 |0.99121 |0.99657 | 0.99566 | 49.99626|49.99001 | 49.99679] 49.99728] 99.99817 | 99.99103 | 99.99458] 99.99566 [47.75173
7 | 0.99733 |0.99202 | 0.99667 |0.99615 | 49.99826 |49.98972 | 49.99559 | 49.99698] 99.99647 | 99.99033 | 99.99518 99.99666 |47.88753
8 |0.99793 |0.99222 |0.99637 |0.99645 | 49.99616 |49.99091 | 49.99549 ) 49.99678) 99.99717 | 99.99123 | 99.99528 99.99556 |48.64775
9 |0.99753 |0.99162 |0.99687 |0.99615 | 49.99726 |49.98991 | 49.99569 | 49.99708] 99.99667 | 99.99113 | 99.99378 99.99566 |48.17870
10 [0.99603 |0.99092 | 0.99788 |0.99665 | 49.99786 |49.99021 | 49.99589| 49.99638] 99.99537 | 99.98953 | 99.99568 | 99.99496 |47.81793
11 |0.99683 |0.99201 |0.99677 | 0.99616 | 49.99626|49.98981 | 49.99549| 49.99648] 99.99847 | 99.99003 | 99.99608 | 99.99586 |47.51054
12 |0.99703 |0.99182 |0.99757 | 0.99675 | 49.99656 |49.98952 | 49.99489| 49.99658 ] 99.99657 | 99.99053 | 99.99478 | 99.99526 |48.15517
13 |0.99683 |0.99172 | 0.99667 | 0.99725 | 49.99696 |49.98991 | 49.99519|49.99608] 99.99827 | 99.99113 | 99.99488 | 99.99576 |47.86845
14 |0.99663 |0.99092 |0.99757 | 0.99665 | 49.99706 |49.98991 | 49,99589| 49.99638 ] 99.99677 | 99.98953 | 99.99448 | 99.99616 |47.61268
15 |0.99683 |0.99242 | 0.99788 |0.99715 | 49.99706)49/09011 | 49.99529]49.99608 | 99.99587 | 99.99003 | 99.99428 | 99.99526 |48.81489
T s 47.87591
F 4.14 R4k 258k (ABsCsDoE F3 ) B B34 £ (B9 e #cdy
NW 1 1 2 2 1 1 2 2 1 1 2 2
NL 1 2 1 2 1 2 1 2 1 2 1 2
ND 1 2 2 1 1 2 2 1 1 2 2 1
Run M;=0.99997 M,=50.00009 M;= 99.99997 Ay
1 [0.00274 [0.00886 [0.00200 |0.00441 | 0.00343 | 0.00938 | 0.00360 | 0.00301 J0.00320 |0.00924 |0.00469 |0.00341 | 0.00401
2 |0.00304 {0.00945 |0.00360 [0.00422 | 0.00223 | 0.00997 | 0.00470 | 0.00331 J0.00380 |0.01014 [0.00499 |0.00471 | 0.00535
3 |0.00214 0.00905 |0.00400 [0.00392 | 0.00453 | 0.00968 | 0.00540 | 0.00381 J0.00330 [0.01024 [0.00319 |0.00421 | 0.00529
4 |0.00354 |0.00875 |0.00360 [0.00252 | 0.00283 | 0.00978 | 0.00350 | 0.00331 J0.00370 [0.01054 [0.00609 |0.00331 | 0.00512
5 |0.00274 |0.00845 |0.00399 [0.00482 | 0.00253 | 0.00958 | 0.00410 | 0.00331 J0.00310 [0.01034 [0.00449 |0.00341 | 0.00507
6 |0.00344 |0.00876 |0.00340 |0.00431 | 0.00383 | 0.00918 | 0.00330 | 0.00281 J0.00180 |0.00894 |0.00539 |0.00431 | 0.00496
7 |0.00264 |0.00795 |0.00330 [0.00382 | 0.00183 | 0.01037 | 0.00450 | 0.00311 J0.00350 |0.00964 [0.00479 |0.00331 | 0.00490
8 [0.00204 |0.00775 |0.00360 [0.00352 | 0.00393 | 0.00918 | 0.00460 | 0.00331 J0.00280 |0.00874 |0.00469 |0.00441 | 0.00488
9 |0.00244 |0.00835 |0.00310 [0.00382 | 0.00283 | 0.01018 | 0.00440 | 0.00301 J0.00330 |0.00884 [0.00619 |0.00431 | 0.00506
10 [0.00394 |0.00905 |0.00209 |0.00332 | 0.00223 | 0.00988 | 0.00420 | 0.00371 J0.00460 |0.02044 |0.00429 [0.00501 | 0.00523
11 [0.00314 [0.00796 |0.00320 |0.00381 | 0.00383 | 0.01028 | 0.00460 | 0.00361 J0.00150 |0.00994 |0.00389 [0.00411 | 0.00499
12 [0.00294 |0.00815 |0.00240 |0.00322 | 0.00353 | 0.02057 | 0.00520 | 0.00351 J0.00340 |0.00944 |0.00519 [0.00471 | 0.00519
13 [0.00314 |0.00825 |0.00330 |0.00272 | 0.00313 | 0.01018 | 0.00490 | 0.00401 J0.00170 |0.00884 |0.00509 [0.00421 | 0.00496
14 [0.00334 {0.00905 |0.00240 |0.00332 | 0.00303 | 0.02018 | 0.00420 | 0.00371 0.00320 |0.02044 |0.00549 [0.00381 | 0.00518
15 [0.00314 |0.00755 |0.00209 |0.00282 | 0.00303 | 0.00998 | 0.00480 | 0.00401 J0.00410 |0.00994 |0.00569 [0.00471 | 0.00516
+s 0.00508
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Fo 4.15 BRI EFER s L 2Tk v R

SN B INEA L2
(dB) (mm)
VEEE S SIS
ABoCaD,E1Fs 47.87591 | 0.999935074 0.00508
B it S Hok
A;B,C,D,E;F, 58.53044 | 0.999990438 0.00113
P ke 10.65454 | 0.000055364 -0.00395
2 v bl 22 % 0.0055 9% 78 9
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