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o, 7191 &(%)ol & Al

<3 2.4> 2FEIAH(Dependent variable SV,)
Source DF Sum of Squares  Mean Square JIGIE(%)
a 2 2.38 1.19 63.98"
b 2 0.50 0.25 13.44"
o 2 0.27 0.13 7.26
d 2 0.57 0.29 15.32"
Sum 3.72 100
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<¥% 2.5> H# 9 Ad(Dependent variable mean)

Source OF Sum of Squares  Mean Square JIHE (%)
a 2 72.38 36.19 48.48
b 2 3.77 1.88 2.53
c 2 20.52 10.26 13.75
d 2 52.29 26.30 35.23
Sum 148.96 100
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<X 2.6> AAAA =+ SNH| 9] H

a b c d Mean of SNLs
1 24.9535
2 25.9814
3 . 26.0972°
1 25.3441
2 25.8670°
3 . 25.8211
1 25.4338
2 25.8084
3 . 25.7899
1 25.3260
2 25.9037"
3 25.8024
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<E 27> AANA 8 FFae] Ho

a b c d Mean of Means
1 18.6583
2 21.6500
3 . 25.5833
1 22.8417
2 21.7500
3 . 21.3000
1 22.7583
2 19.8500
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9| Su A (Ly)
1 1 1 1 2 2 2 2
2 1 1 2
1 2 1 2 1 2 1

o T oo
—
\o)

Sujd(L,)

A9 B

¥H3-3) y SN, MD

15.6 9.5 16.9 19.9 19.6 19.6 20.0 19.1 17.5 24.0 2.65

15.0 16.2 19.4 19.2 19.7 19.8 24.2 21.9 19.4 255 1.98

16.3 16.7 19.1 15.6 22.6 18.2 23.3 20.4 19.0 25.3 2.33

18.3 17.4 18.9 18.6 21.0 18.9 23.2 24.7 20.1 25.9 2.13

18.7 17.6 18.4 21.1 20.6 21.4 20.5 21.3 20.0 25.9 1.28

10.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 24.9 26.1 3.70

11.0 15.0 19.0 24.0 31.0 39.0 48.0 60.0 30.9 26.1 13.63

21.0 13.0 16.0 19.0 30.0 39.0 21.0 48.0 25.9 26.2 9.85

)
A
1
1
1
2
2
2
3
3
3

OO N O[O | |W (DN
W= |w| N —=]w|[D|—
Hlw|ININD R Ww (N~ O
—lwNoNol~Rr|lw|lwiNn|l—~| g

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 26.0 0.00

# 9] A== Taguchi(1987)¢] dlolA HA7A5~99 2t & WG 34
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3.2 =34 (Desirability Function)
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4 )
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d=+,y— B N (3.2)
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<E 3.2> 7}FEH ] & <F 2.1>9 W 4, d,, DY AAAF

tis 1:1 3:1 5:1

d* d, D d" d, D d,* dy D
1 /0870 O 0 |0.65850 O 0 (0.49842 O 0
2 | 1 0.133330.36515| 1 0.133330.36515| 1  0.133330.36515
310934 0 0 0.81478 0 0 |0.71078 0 0
4 | 1 0.366670.60553] 1  0.3667 0.60553] 1  0.36667 0.60553
5 |0.660 0.33333 0.46904|0.28750 0.33333 0.30957|0.12523 0.33333 0.20431
6 0660 1 0.81240/0.28750 1  0.53619/0.12523 1  0.35388
71 0 1 0 0 1 0 0 1 0
8| 0 1 0 0 1 0 0 1 0
9 | 1 0.333330.57735| 1 0.333330.57735| 1  0.33333 0.57735

# 9] A== Taguchi(1987)¢] dlolA HA7A5~99 g & WA 34

ol <E 3.2> HEHA JFAE vpHEstAA 4L S0 g
(dy,dy,D)& AZ3 FEr}b o] w, HFHAZO TFHodFE ¢ ol=2=2, 4,9

1,3,5,69 478 kel 7kgAlol weh Wsksl= AL & 5 Aok 24y 13
_{l\_

Aol mel 42 B9 FRNSFF(D)] we VIELR, 7 AR
Tl FENSIF(D) FLHe 21¥E Ba, M 2 pel Bdue #
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<H 3.3> AAJNA s FEUSET] Fd(t=1,5=1)

a b c d Mean of DF
1 0.12172
2 0.62899°
3 . . . 0.19245
1 . . 0.20184
2 . . 0.27806
3 . . 0.46325"
1 0.27080
2 0.51601°
3 . 0.15635
1 0.34880
2 0.39252"
3 0.20184
aOlxpo Axy WP bAXpY ~EH Fd
o7 0.62899 %0 463
ug-g I 04 F
(DI (@]
504 503 1 0.27806
§0.3 r §0.2 T 20184
=02 | 0.19245) |=
0 ‘ 0
1 2 3 1 p) 3

<1 3.1> <19 3.2>
COIXtO AW WP de'xpe] =24 g
0.6 0.5
05 & .51601 04k
504 | S04 0.3925
Sog | 5 0.3488
c 0.2708 Soo -
0] - [Cha
= 0.2 0.15635 |= | 0.20184
01 0.1
0 0
1 2 3 1 2 3

<719 3.3> <19 3.4>
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Qo] <3 3.3>¥ <a¥ 3.1><a¥ 3.2><a9¥ 3.3><3¥ 34> HA
I FFHAY] 7FTAE 1112 FYsHA AAG Aoz o7 AAAARE=
xRS} FFRJAE YA @, BE A diE) 7H & SRS

F(D)O] e e £FL AW An £F0E A9 (Y A 27
)

WA, adze] FF& ZAAGY] A8 <F 3.3>F <™ 3.1 B4

1,2,39] Z+ =FolA 24F0] 0.62899% 714 % FTEEdS 3o
s 7HABR aflAte] HA A FF2 29F22 ZAAgd o=, b
AAE <FE 3.3>F <2 3.2>904 3FF°] 0463252 7MY w2 THT

S el FEHE THARRE blAE 3FTeR AR, v F
A3 WHo 7 <F 3.3>7 <2 3.3>, <™ 34>F HI, c9 dexte
FFS 2ATE 47 254F0A 0.516013 0.39252% 7+ 2 S
g el S THAER oA dIAe] HA AHE FES 25T

P

=, HaHAe 7o 7hA7F 543 F9 HHF vpEEE mediuml 2,

FYH FAE thickeZ, 93]+ ZolE medium, ¥ EE mediumzZ

PEghe Fokol vlme) RES S
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<E 3.4> AANA T8 TFUHFETo HA(t=3,5=1)

a b c d Mean of DF
1 0.12172
2 0.48376"
3 . . . 0.19245
1 . . 0.20184
2 . . 0.22491
3 . . 0.37118°
1 0.17873
2 0.51601°
3 . 0.10319
1 0.29564
2 0.30044°
3 0.20184
a¥ it &9 g2 bOIXpO Ay W
0.6 0.4
05 ¢ 0.48376 Ob3§ I S~
L w .
2047 G025 |
003 7 6 02 L
§ c I 0.22491
éo.z - 019045 | § 0-15 - 0.20184
0.12172 = 01
01T ' 0.05 |
0 0
1 2 3 1 2 3
<2d 35> <18 365
cUXo +EH & dOIXpO Ay W
0.6 0.35
05 51601 0.3
504 L 0622 - 0.20564  0.30044
%0.3 | 20.1'5 - 0.20184
=02 0.17873 2 01t
01 | 0.10319 0.05
0 0
1 2 3 1 2 3
<39 3.7> <29 3.8
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<X 3.5> AAAA 48 TIT

a b c d Mean of DF
1 0.12172
2 0.38791"
3 . 0.19245
1 0.20184
2 0.18982
3 . 0.31041°
1 0.11796
2 0.51601"
3 . 0.06810
1 0.26055"
2 0.23968
3 0.20184
aQxpo =E4H g bR +&H
0.5 0.35
0.3
y 04 Q.38791 U5 0.31041
o &0.
503 5 0.2
§0.2 0.19245/ | §0.15 1 0.20184 ¢ 1g0gp
=01 0.12172 =011
' 0.05 |-
0 0
1 2 3 1 2 3
<21¥ 3.9> <2¥ 3.10>
AT 27 B doxte £z B2
0.6 0.3
0.5 0.51601 0.25 - @\.\
50.4 5 02 2% (25068
800 § o4 |
= 0.11796 =
01 ' 0.0681 | | 005 |
0 0
1 2 1 2 3
<1 3.11> <9 3.12>
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ABSTRACT

The alternatives of SN-ratio in the Taguchi's Parameter

Design for 6-Sigma quality improvement

Hyun-Kyoung Kim

Dept. of Statistics

Graduate School

Sungshin Women's University

Taguchi's parameter design is a method which determines proper
choice of levels of controllable factors based on SN-ratio and Mean in
a process for manufacturing of a product. The principle of choice of
levels focuses to great extend on variability around a desired target
for the process response. Taguchi suggested SN-ratio as a summary
statistic for measuring variability. The purpose of the SN-ratio in
Taguchi's approach is to provide an easy-to-use performance criteria
that measures the variability of response in the product process.

Regarding the SN-ratio, many authors pointed out that the use of
SN-ratio does not guarantee to secure valuable information about the
variability. So, they recommended that the use of separate models for
the process mean and variance would be a way of achieving better
understanding of the process itself. This paper suggests two types of
summary statistics. One is the Mean Absolute Deviation which will be
used as a summary statistic for measuring variability rather than using
SN-ratio. The other one is the Mean which measures how much the
product close to the target value. And this paper also suggests that
these two summary statistics are to be compromised by using

desirability function.
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BE. SAS Z=1#

1. 97X wvlg 7| 244

datatagu9;inputrunabcdyl-y8;

cards;

1111115.6 9.516.919.919.619.620.019.1
2122215.016.219.419.219.719.824.221.9
3133316.316.719.115.622.618.223.320.4
4212318.317.418.918.621.018.923.224.7
5223118.717.618.421.120.621.420.521.3
6231210 27 27 27 27 27 27 27
73132111519 24 31 39 48 60

8321321 1316 19 30 39 21 48

9332120 20 20 20 20 20 20 20

datatagu72; settagu9;
Y=Y1; output; Y=Y2; output; Y=Y3; output; Y=Y4,
Y=Y5; output; Y=Y6; output; Y=Y7; output; Y=Y8§;
datatagu72;settagu72; YSQ=Y*Y;invysq=1/ysq;

proc sortdata=tagu72; byab cd;run;
proc means data=tagu72;
byabcd;
varyysq invysq;
output out=summary mean=mean sgmean invsmean
invssd;
run;
data summary; set summary;
snt= 10*log10((mean*mean)/(sd*sd));
snl=-10*log10(invsmean);
sns=-10*log10(sqgmean);

data summary; merge tagu9 summary;

title 'Response, Mean, and Signal-to-Noise Ratio’;

proc print data=summary noobs;
varrunabcdyl-y8 mean snl;

run;

proc glm data=summary;

output;
output;

std=sd sqgsd



classabcd;
model mean snl=ab cd;
Ismeans a b c d/out=Ism;
run;

datalsmean; setlsm;
if _name_='mean’;
label Ismean="Mean of Means';

title 'Mean of Means at Each Level of Each Factor';
proc print data=Ismean label noobs;
varabcdlIsmean;

run;

proc plot data=Ismean hpercent=50 vpercent=50;
plotlsmean*(ab cd)="*"; run;

datalsmsnl; setlsm;
if _name_='snl’;
label Ismean='"Mean of SNLs';

title 'Mean of SNLs at Each Level of Each Factor’;
proc printdata=LSMSNL label noobs;
varabcdlIsmean;

run;

proc plot data=IsmSNL hpercent=50 vpercent=50;
plotilsmean*(ab c d)=""; run;



2. TYNSHTE o1& FTHA) HA9 HHF

datatagu9_1;inputrunabcdyl-y8 mean md;

cards;

1111115.6 9.516.919.919.619.620.019.11 7.52.65
2122215.016.219.419.219.719.824.221.91 9.41.98
3133316.316.719.115.622.618.223.320.41 9.02.33
4212318.317.418.918.621.018.923.224.72 0.11.28
5223118.717.618.421.120.621.420.521.32 0.03.70
6231210 27 27 27 27 27 27 27 24.9 3. 7
7313211 15 19 24 31 39 48 60 30.9 13. 63
8321321 1316 19 30 39 21 48 25.9 9. 85
9332120 20 20 20 20 20 20 20 20 O. 00

run;

proc printdata=tagu9_1;run;
proc glm data=tagu9_1;
classabcd;
model meanmd=abcd;
Ismeans a b c d/out=Ism;
run;

L

o2k A E $E
datalsmean; setlsm;
if _name_='mean’;
label Ismean="Mean of Means';

AR - ()

o3

title 'Mean of Means at Each Level of Each Factor’,

proc print data=Ismean label noobs;

varabcdlsmean;

run;

proc plot data=Ismean hpercent=50 vpercent=50;
plotlsmean*(ab cd)="*"; run;

po7t Aol gk e WA TR (R Ay
datalsmmd; setlsm;
if _ name_='md’
label Ismean='"Mean of MS";

title 'Mean of MD at Each Level of Each Factor";



proc print data=lsmmd label noobs;
varabcdlsmean;
run;

proc plot data=Ismmd hpercent=50 vpercent=50;
plotIsmean*(ab c d)="*"; run;

[ g RS 7)Y
datadf 1;settagu9 1,
s=1;1t=1;

[*s=1;1=3;

s=1;t=5;*/

if md<2then d1=1,;
else if 2<=md<=7 then d1=((md-7)/(2-7))**t;
else ifmd>7 then d1=0;

if mean>22 then d2=1;
else if 19=<mean=<22 then d2=((mean-19)/(22-19))**s
else ifmean<19thend2=0;

DF=(d1*d2)**(1/2); output; run;
datadf 2;mergetagu9 _1df 1;
proc printdata=df 2;run;
proc glm data=df_2;
classabcd;
model df=abcd;
Ismeans a b c d/out=Ism;
run;

[ 2y A et - G A (D)
data lsmdf; setIsm;
if _name_='DF’;
label Ismean="Mean of DF";

title 'Mean of DF at Each Level of Each Factor’;
proc print data=Ismdf label noobs;
varabcdlIsmean;

run;

proc plot data=lsmdf hpercent=50 vpercent=50;
plotlsmean*(ab c d)=""; run;
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