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part oper res

g P 1 5.5
10 2 i 4.6
" 3 i aq
12 3 | 4.8
B3| 2 4.9
14 1 2 4.3
s | 2 2 4.2
16 2 2 5.5
17 3 2 6.0
18 3 2 4.1
19 1 2 4.2
20 . 2 4.3
21 2 2 4.6
22 2 2 4.7
n 3 2 5.5
24 3 2 5.6
25 1 3 5.7
26 i 3 5.8
27 2 3 5.9
28 2 3 4.7
29 3 3 5.7
30 3 3 5.4

(1) GageR&R I Z04r (ANOVA) FHEEST




o FEENATL,

ot sl r|'-lll-l'| Gage Inlo |
[k ]
!-.-'- Lpegradom - I R |

Wl rovs e ilmea I s

Mthel of Angkysis
O3 ANV A
(s} Mlwr sndd K

ol e b ] |

i _|

Help _| { wnowl |

Gage R&R Study - ANOVA Methad
(e RER for res

Lage name
Dale af study:
Reported by
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Two - Way ANOVA Table With Interaction

b R T IF =5 M= ¥ P
jrart p 0.,9725 048627 2.283% 0.21800
ol F 4 16128 |.850638 =. 45208 (b 0D

oper * pan 4 D851 0.2124 0.79570 0.33841




Repeatability 27 7.2256 0.2676]
Total 35 12.6627

Two — Way ANOVA Table Without Interaction

Source DF S5 MS F P

part 2 0.9725 0.48627 1.86623 0.17167

oper 2 3.6128 1.80638 6.93266 (.00325

Repeatability 31 8.0774 0.26056

Total 35 12.6627
Gage R&R

% Contribution

Source VarComp (of VarComp)

Total Gage R&R 0.38938 95.39

Repeatability 0.26056 63.83

Reproducibility 0.12832 31.56

oper 0.12882 31.56

Part - To — Part 0.01881 4.61]

Totlal Variation 0.40819 100.00

StdDev Study Var % Study Var % Tolerance

Source {8D) (5.15% 8D} ({(%SV) (SV/Toler)
Tatal Gage R&R 0.624002  3.2136! 97.67 160.68
Repeatability 0.510451 2.62882 TN 131.44
RBeproducibility 0.358912 1.84840 56.18 02.42
oper 0.358912 1. 84840 56.18 92.42
Part — To — Part 0.137145 {1.70630 21.47 35.31
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Two — Way ANOVA Table With Interaction

Source DF S5 MS F P
part 2 0.9725 0.48627 2.28356 (.21800
oper 2 3.6128 1.80638 8§.48294 0.03640

oper*part 4  0.8518 0.21294 0.79570 0.53841
Repeatability 27  7.2256 0.26761
Total 35 12.6627

Two — Way ANOVA Table Without Interaction

Source DI =5 M F P
part 2 0.9725 0.48627 1.86623 0.17167
oper 2 3.6128 1.80638 6.93260 (.00325
Repeatability 31 8.0774  0.26056
Total 35 12,6627
(Gage R&R
%% Contribution
Source VarComp (of VarComp)
Total Gage R&R (b.38938 95.39
Repealabiliy 0.26050 63.83
Reproducibility 0.12882 31.56
oper 0. 12882 31.56
Part — To — Part 0.01881 4.61

Total Vanation 0.40819 100. 00
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StdDex Shady Var

Source {S1) (5.15 « 8N)
Tolal Gage R&R 0. 624002 3.21361
Repeatahility {.510d51 2 62882

Reproducibility  0.358912 1,84840
oper (0.358912 1.84840
Part - To— Part  0.137145 0.70630

Total Variation 0.638895  3,20031

Number of Distinct Categories =

Gage R&R for res

Gage R&R Stuwdy — XBar/R Method

(Gage R&R for res

Gage name:

Date of study:
Reported by:
Tolerance: 2

Misc -

FoSindy Var
(%SV)
97.67
79.90

56.18
56.18
21.47
100.00

% Toleranoe

(SV/Toler )

160.68
131.44

92.42
92.42
35.31
164,52
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Source

Total Gage R&R
Repeatability
Reproducibikity
Part — to — Part
Total Variation

Scurce

Tolal Gage R&R
Repeatability
Reproducibility
Part — 1o - Part

Total Varaton

Variance
0.388940
0.250855
(.138085
0.043403
0.432343

% Contribution
( of Variance)
89 .96
58.02
31.94
10.04
100.00

StdDev Study Var % Study Var % Tolerance
(8D}  {5.15=8D) (%SV) (SV/Toler)

(+.623651  3.21180
0.500855  2.57940
0.371598  1.%1373
0.208333 1.072%¢2
0.657528  3.38627

Number of distinet categories = 0

Gage R&R for res

04 .85 160.59

76.17 128.97
56.51 95.69
31.68 33.65

100,00 169,31
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\ 2 C2 C3 C4
oper res master
2 1 5.5 s
3 1 6.0 5
4 2 5.0 5
5 2 5.5 5
6 2 6.0 5
7 3 ) 4.5 5
8 3 5.0 5
9 3 5.5 5
10 1 9.5 10
11 1 0.0 10
12 1 .o 10
13 2 10.0 10
e ) 9.5 ) 10
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16 3 | e | 10
17 3 10.0 ' 10
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22 2 15.0 15
x 2 15.5 15
2% 2 16.0 15 ‘
25 3 14.5 15
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N G B L{;
I G C G
N G C G
2 NG A NG
2 NG A NG
2 NG B NG
2/”’553___%‘5_‘“‘\_ No |6 ik
2 ~l_n | ¢ 1
2 NG C G




FUF FLEHEESgme A

(& 4)
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31 G A G
3 G B 6
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4 C B ¢
4 G B G
4 G C G
4 G C G
5 MGRIN A MGRIN
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] ey " MGRIN \\B:\\ MGRIN
(s MGRIN | B “MGRIN. || A2
NS MGRIN ¢c |76
5 TMERRN——C NG

MFEA-6FTH, A, B, CEEAE T 20K, A, BHBAR
RI—EMER 100%, CRENMN—E = (20-3) /20 x 100%
=85%. HT—MERKERN BT 0%, U4
it REP ARSI
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MINTTAB #35El & R g 087. 18N, =1 QCiF4r
AN, EHEENFR, WENBIEInE 4 -7 T

E4_7
L | Cz-T Ci-T 4-T o5-T {6-T 7 -T (B-T
| sample | standard Atrials1 | Atriais2 Briais! ] Birial? | Ctrialsl | Ctrials2
] ¢ G G c | ¢ G G
2 ¢ | G c G ¢ | ¢ c
s | ¢ G 6 G I G G
i ¢ G ¢ G G G ¢
5 G ¢ | ¢ | ¢ G G G
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Attribute Gage R&R Study

Attribute Gage R&R Study for Atrialsl, Atrials2, Btrialsl,
Btrials?, Cinalsl, Ctrials2

Within Appraiser

Assessment Agreement

S
R



ﬂﬁ 4 EHE6S m

Appraiser #Inspected # Matched Percent( %) 95.0% CI

A 10 8 80.0 ( 44.4, 97.5)
1 10 6 60.0 ( 26.2, 87.8)
C 10 8 80.0 ( 44.4, 97.5)

# Matched: Appraiser agrees with himself/herself across trials.

Each Appraiser vs Standard

Assessment Agreement

Appraiser #Inspected # Matched Percent{ %) 95.0% CI

A 10 8 R0.0 ( 44 .4, 97.5)
B 10 6 60.0(26.2, 87.8)
C 10 g 80.0 ( 44 .4, 97.5)

# Matched: Appraiser’ s assessment across trials agrees with
standard .

Between Appraisers
Assessmenl Agreement

# Inspected # Matched Percent (% ) 95.0% CI
10 6 60.0 ( 26.2, 87.8)

# Matched: All appraisers’ assessments agree with each other.
All Appraisers vs Standard
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Assessment Agreement

# Inspected # Matched Percent (% ) 95.0% (1
10 6 60.0 ( 26.2, 87.8)

# Matched: All appraisers’ assessments agree with standard.
Executing from file: C: /Program Files/MTBDEMO/MACROS/

GAtGage. MAC

Attribute Gage R&R Study

Date: of study:
Assessment Agreement Reported by:
Nanw of pruduut
Misc
Within Appraiser Appraiser vs Standand
100 — 1061 —
" v ' | [+.x]195.0%Cl
M " o — x * Percent
30 e » 0 e L
g 70 g 70
: :
M B p 00 [
50 50 —
4y - A0 —
30— 30 —
1 T I I 1 I
A R C A R C
Apprser Appraiser

B 4d-22
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M MINITAB Zrth o] ), TEM A A A—3 8 80%, T
A BHI—3tE R 60% ., FEMT A CB9—FfE N 80% , BRLATEM
A BRASHEREAR, BB EHATTHEIL

Q—XBENBRRESH

KB BB RS AT, B PRSI T S

Bl 4; — 6Sigma T H B Ay Ja 1R A7 B 7 2R e 94T &K
4, F MINITAB #i I A0 B 3R 45 4307 .

A3 TNER, EBFET 10MFE/RHETNK, SANE T
MK . AR, A 10 M4 5 0 2 W OOk AU 20 4>
BEdh, XF R Rl DL TR

W ¥ an Xk 4 - 8 FiR,

Fz4-38

c1 Cz C3

| part -;per res

35 | 8 B 9.25

36 *' 8 B 9.25

37 9 B 9.45

38 9 B 9.25

B 10 B 9.15

40 T B 9.14

41 1 C 10.25
2 C 9.45 |

43 2 C 10.15
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RS z i ¥ 15 |
45 1 C i, 45
46 1 C | 10,34
47 1 C 10,25

R q i | 0 45
- ' ; C | 9.12
9. 32
51 . i . i
5a . fa i

el it
£

53 ¥ i | 9.45
%4 7 B Q.56
55 M i | 9.4:

5 H i .43
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Gage R&R Study - Nested ANOVA
Gage R&R (Nested) for res

Gage name:

Date of study:
Reported by:
Tolerance : 2

Misc;
Nested ANOVA Table

Source DF SS M3 F P
oper 2 6.6914 3.34568 13.1623 0.00010

part (oper) 27  6.8630 0.25419 3.6523 0.00040
Repeatability 30 2.0879  0.06960

Total 59  15.6423
Gage R&R

% Contribution
Source VarComp { of VarConp)
Total Gage R&R 0.224171 70.84
Repeatahilily 0.069597 21.99
Reproducibility 0.154575 48 .84
Part - To — Part 0.092205 29.16

Total Variation {}.316466 100.00




N=JRANLE S AL

StdDev Study Var % Study Var % Tolerance

Seurce (8D} (5.15* 5D} {(%SV)
Tatal Gage R&R (.473467  2.43836 84.16
Repeatability 0.263812  1.35863 46,90
Reproducibility 0.393160  2.02477 69.89
Part — To — Pant 0.303801  1.56457 54.00
Total Variation 0.562553  2.89715 100.00

Number of Distinct Categories = 1
Guge R&R (Nested) for res
Gage R&R Study — Nested ANOVA

Gage R&R (Nested) for res

Gage namce;

Date of study:
Reported by:
Tolerance ; 2

Misc:
Nested ANOVA Table

DF S5 MS F

{S¥/ Toler)
121.92
67.03
101.24
78.23
144 86

P

2 6.6914 3.34568 13.1623 0.00010
27 6.8630 0.25419 3.6523 0.00040
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Repeatability 30 2.0879 0.06960

Total 59 15.6423
Gage R&R

% Contribution
Source VarComp (of VarComp)
Total Gage R&R (.224171 70.84
Repeatalnlity 0.069597 21.99
Reproducibility 0.154575 48 .84
Part — To — Part 0.092295 29.16
Total Variation 0.316466 100.00

StedDev Study Var % Stady Var % Tolerance

Source (SD)  (5.15%x 8D} (%SV)  (SV/Toler)
Towal Gage R&R 0.473467  2.43836 8416 121.92
Repeatubility (,263812  1.35863 46.90 67.93
Reproducibility 0.393160  2.02477 69 .89 101.24
Part — Ta— Vart 0.303801  1.56457 54.00 78.23
Tutal Variation 0.562553  2.89715 100.00 144 86

Number of Distinet Categories = 1

Gage R&R (Nested) for res
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_SL-T
Lsr = gzt
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KA R h —AH AR MR BT 5. Hiti o=t
LT

SL-X

Zir = oLr
AH: SL— ARy . TR
X—H{i
OLY KHAtRHE R 22
WU ZnF 1.50 BT RMRZE
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1.5a

L7 Lt

BH 4 - 28

4. KL

SRS ST MM Bk s A, X LIREE AR Ry
M, RN Z MEEAERNEERIaEARE, Fﬁ—"*«’”"ﬁﬁ
Nl
Zpench = Zsoore {Pygt. + Prsy)

oy B 4 - 29 Fow,

#5: —A~ 6Sigma Wi B BB AT M TR AR, Ik
BY--BBE, Wiz T RESEARE S, LA LA
5001, KHIARHEMRZER 60 =0.5, u=499.5, IR MITEE
{BE 1 5317 o
USL-p_501-499.5

0.5
Puse=1-¢(1) =1-0.841345 = 0. 158655

p—ISL  499.5 — 499
c 0.5

Zl]ﬁl, =

Z]_S]__Z =l
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P =1— (1) =1—0.841345 = 0. 158655

T Pyy=Pu+ P =0.31731
Zoenot, = NORMSINV(1 - P,,;) =0.475234

Zoo=Zpory + 1.5 =1.975

LsL 1J3L,

H.:pl Pz

by |
/ <

2 st

Powy = Ber, + Py,

Ve
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?ﬂeuﬂh

@ 4-29
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FASKEIFASEE (T, W, BAsA) BRifeesl.
(1) R IaHT .
# 6: —-~ 6Sigma T B B BA M EFFT EHLK M TEES, H
MINITAB REFTS04T, HATAEI RN Tk4 - 9.

Fi4-9

4 | Cl 2 C1 .

: I size B size

5 499,03 17  500.06
6 499 .01 18| 500.03

7 49909 19 499 .05

8 500.01 20  4e.m

4 500.02 21 499.04

10 500.03 2 500.03

11 $00.04 | 23 500.04 ]
 n 50005 24 495.09

3 500.03 s 500.05

14 49905 26 500.03 ]

15 ] 499 07 27 499.08

16 499.03 28 499.00

ME 4-30 5, C,=0.67, LRI THEIAF, wRk
. Cu=0.34, LR HRE NAM, Bk E MBI
T, Ml LA AREA i 4 - 30,
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MBE 4-30n[H1,
Zionen = 1,02
Z,=1.02+1.5=2.52

Ry, ZOLEIN LR I8 %.

(2} HE I RREE T -

O MBI REE NIt E . - 6Sigma T F HIBA,
ARG P= R R GE 0T, B Chli L 100PCS A2, i
50 A, FREEMOA REARIE 4 - 10 YR, 49"
BT FRARE S

£ 4-10

Fs size defectives

31 100 o

) 100 T

33 wo | 12
BT 100 3

35 100 4

36 100 s

37 100 6

38 100 7

39 100 8

0 | 100 9

41 | 100 11

42 , 100 3

43 100 4

“ 100 2

e e By g

S
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MIH 431 nfHl, EreancEAAE D % 1,545, Pa=0.515.
ol FENE S

G TR g s R R R 1~ 6Sgmma TH [ [H BN,
RRESE R it BAGE A1, 8 BE - B IE O A B
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Binomial Process Capability Report for defectives

PCharl . Blnomia Piot

“ g | yours 13 " ‘*
.
4% |
-u
Fan.ott -
f/ i1 o ‘
Pl
-
—_ = | el L
a L1-] :!: a 3 1_IZI_
$-1'plull.rrber Ok Dhatacimy
___ Currlative %Dcfedr.'e Sumemary Slats _____IIZ_JlsI of MDefectve

tdenotes. BT T 1) s

J LG

" w a B m & 15 [y 5
S NUMERY 1,
Fpk=1.5455-0.515
B 4 - 31
FTd-11
= C1 C2
defects length

! 14 1804

17 1558

17 1006

i8 1887

20 160

1 1014
20 1859

2

3

4

5 1 1741
6

7

8




Sample Coum

= 3]

(%)
9 6 1931
10 13 1841
o 11 B D 13 1477
12 11 1987
13 11 1828
14 ] ) 18 620" |
15 17 1555
16 20 1086
i 17 o 15 1023
18 18 1851
19 10 s
20 14 1094
2n 11 1441
2 20 1139

Poisson Process Capability Report for defects

UChan Defect Rate
113 4 — GC1% o -
. ﬁ‘ D! ' UL 51878 amr (g
ﬁ ! | aes | g
m R .! W Jll e toms?? g Ve e 1 -
(= N L * . “ . .
apes - - ol |
. -
R LD D025 a7 o »%y iy .. i
@ — I ams | __ B "!'|
] [} m o 50 10 153 2000
Sampia Murrber Sarmple Size
... Cundalve DPU Sunmary Stats ___ Dist of DPU
i [Tt S5A |} T -
h Mear OPL) [ 00773
Bl \f O0RDSES, 6 HTaEY
/ - WA DPU  GoofImI3
& e SRRt MmDM 0Q1BE2
! TwgDFL  © | r" . .
L3 ] 1 il B :l || ;‘;
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M 4320741, DPU =0.0096772, O =500,

DPO = DPU/O = 0. 0096772/500 = 0. 0000193544, DPMO =
19.3544,

Zscore = NORMSINV( | — DPMO/1000000) = 4,12,

Zst=4.12+1.5=5.62, ErsiffR2EE S 7T,

QF BT EE N ITE, -1 6Sigma I H FI B\,
HTHRFERS SRENAIEEES ., ET 100 M«
4 —127R, AR S ERA TR ),

*4-12
Fs time Fe time
74 19.9% 83 - 2.78
75 ’%[}6 86 116
76 6.08 87 1.76
| 'f"? 0.66 38 : §.48
78 2.30 - a9 19.02 |
79 6.397 90 3.-86
80 0.38 ]| 1.12
81 0.73 . 92 2.46
82 5.54 9 11.05
P 2.19 04 0.42
84 t {1.57 g5 2.98

MTERT I, ORISR EEE e RN, Py =0.93,
2y =0.93x3=2.79, WILIZREGIBT EHiT8E,
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B=F AR 6Sigma 53T (A)

B8 A (Analysis) BSp#r. 0l R BUA A FF L,
Ji-E B R R IR R .

SLEESH

Jr B RN E N R IR R E R AR A .

1. BFEARZESDH

WRETZMEXN NMEF AR R E S T4
Mro HITESPENFEI-13:

*X4-13

FERE | FFM | HHE Y7y F{E F a5 4

i - S8, Al S8,/4 1 | MS,/MS, Fenf
iﬁf q‘qb A (I]— 1) SS]‘./H{H—I:' Il’éjﬁ'{é‘
fn ¥l S nA -1 HF®E

T HRERX, SSa=n (X;-x)
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FRE fAZHE SR o
UL B2 S B HAE 2% PR M R R E—H ),
WM 4 - 34 FiR

GhieE | (s5,)

ol

EAEEZ{8S 1)

HINAEFE (S8 )

\ SE‘ Tl = :55 Aetwrn T SS W ilhin

B 4-34

‘ H7: — 6Sigma T H AT EA A4 F R oK,
S FAEWRIGENr . ) MINITAB AP 2 7 508, HAomss
i 4-14 s

‘ Fd-14
3 c1 z | oo c4 Cs
suplverl s yer2 mply;ar.’?r Sl]p]}'l’;‘l-"‘ suplyerS
1 12 15 15 15 18
2 13 16 6 16 19
3 14 717 17 17
4 15 T 1B 14 19
s 16 s 15 18




NESRALL SN

(& 4&)
6 17 12 17 16 17
7 18 13 18 17 18
8 19 “ 19 18 o
o 12 15 18 12 19
10 14 16 19 1 | 18

One — way ANOVA: suplyerl, suaplyerZ, suplyer3, suplyerd,
suplyer5

Analysis of Varance
Source DF 58S MS F P
Factor 4 90 .68  22.67 6.24 (3.000
Error 45 163.40 3.63
Total 49 254.08

Individual 95% Cls For Mean

Based on Pooled StDev
Level N Mean SiDey -t e e -
suplyverl 10 15.000 2.449 (- % -_..)
suplver2 10 15.500 2.173 (S

suplyer3 10 17.600 1.350 (- % -22)

suplyerd 10 15.100 2.234 (- % —---)

suplyer 10 18.200 0.789 (-omm ¥ aome)
s Ao IR (R S

Pooled StDev =1.906 14.4 16.0 17.6 19.2
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Boxplots of suplyer| — suplyers

Bosplots of suplver] - ssplyerS
{rans wr dicaied by solid cincdes)

9
7

16~ "
15
14
134
Fa-
e

miplyer]  suplyer]  miplye uplyeed gy

Ml 4- 35

Mo 435 a . HEREE S MR AR 2R 8o = 0,789, ()
1 BeE R A K S, = 2,449, [H IR SE R ER O R d S5 0tk
Foh o B R i e gt o] Ly e R

®a-15
$[a-1a]| o 4 cs Ch
:_ 5"‘"“""", | srovi | vamsi | UPPEl | LOWES
" suplyer] 12 | 2449 | 600000 | 55790 | 151300
| 2 “|- #mﬂ:-r':_l I; _I.T'Fit-ﬁ' 4,720 d-..'!i_lﬂ-;il l.341-‘-ﬁ-l
BT L0 | 18222 | 3omss | om0 |
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O NEEAA
(4R

5 suplyerl 16 0.78881 | 0.62222 | 1.79661 | 0.48723
6 suplyer] 17
7 suplyerl 13
8 suplverl 19
g suplyerl 12 ]
10 : suplyerl _ 1:
I suplyer? 15
12 r supl}r;erz 16
13 |  suplyer2 17
14 suplyer2 18
lé suplyer2 19
16 | suplyer2 12 |
17 suplyer? 13 _
18 suplyer? 14 )
19 ) suplyer2 15 )
20 suplyer? B 16
21 suplyer3 13 .

Results for: eb

Test for Equal Variances

Response C2
Factors Subscripts
Confl vl 95 0000




lower Sigma Upper N Factor Levels
1.51300  2.44949  5.57899 10 suplyer]
1.34226 2. 17307 4.94941 10 suplyer2
0.83380 1.34990  3.07454 10 suplyer3
1.37964  2.23358  5.08724 10 suplyerd
0.48723  (.78881 1.79661 10 suplycx3

BuE HARBECSgma RE

Bonferroni confidence intervals for standard deviations

Bartlett’ s Test { normal distribution }

Test Statistic; 11.813
P - Value: 0.019

[evene’ s Test (an}f continuous distribution )

Test Statistic: 2.595
P - Value : 0.049

Test for Equal Variances: C2 vs Subscripts
Ml 4 - 36 vl LIE UMM RS S M7 EdEm/ e, M PR

KEMDT 0.05, HEEMNMEIENFTHUREEBEKELESZER
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Test for Equal Variances for C2
9550 Confidence Intervals for Sigmas  Factor Levels

— v suplyerl Bartlett "s Test
Test Statistic: 11,813
L wr ] 3 2
. e BNalue  :0.019
= suplyer3
. - . auplyerd Tevene s Test
Teat Statisle: 2. 3%
—.—u t-mp]}‘f:rﬁ PV ulue 0. {49
T T T T ;

B 4- 36
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Rty A8 H AR RIR
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i1 r—Tmyolee. B (A) ="%F, K (B) &
B AT, SR (Y), 1 MINITAB i Of (5 & N % 4 8r .
o g 4 -17:

®a-17

3 a | @ 3 4 [
| A B Y RESLE FITS1
e | | 0 15 575

rl < | 0 -7.5 1.5

1 k| | Bl 50 5.0 |

1 | 2 15 -1.5 1.5 - |

5 2 2 - 70 e - 17.5

s ey 2 X | -so 35.0
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L BEBBAIL

Two - way ANOVA: Y versus B, A

Analysis of Variance for Y

Source DF 55 MS F
B 1 2400.0 2400.0 27.43 0.035
A 2 4750 237.5 271  0.269
Error 2 175.0 B7.5
Total 5 3050.0
Individual 95% CI
B Mean ------- + - R +—-
1 70.0 (GO
2 30,0 (- * o)
et JEEEEE + - + -
25.0 50.0 75.0 100.0
Individual 95% CI
A Mean --—--+ - 4 -——-- e
I 37.5 (o ¥ oo )
2 57.5 ((mmmmmmm ¥ o)
3 55.0 ((=mmen e ¥ eeen )
el JEEEREE PR + --—--- + -

20,0 40.0 60.0 80.0

MAZEATA, B A R8N P=0.269 X T 0.05,
ARFIEHRP)EZHARE; EJi BBETHEWE P=0.035
/NF0.05, BTSRRI EE,




HEE LEAE sSgr kB o

(2) MRHEA L AN,
AR ERZHEMN I LZoHhrE 4- 18 i

F4-18
ﬁ%ﬂ%ﬂﬁ P F HHE ¥/ #0 F{& e HE
i NE J\ '_5‘-5,*, - -1 _ W/ i-1 88, /88,
H#ER S5 m-1 S5 m-1 | 58./55,
- — S # %% Ferf
F# AB S (1= 1 m~3) (—]L;;EA::I_])SS&MEJSE’ rmg]{{ai—
e S8; Im(r~ 1) ml(si 1 H:ﬁ
skl SSr d—_lmr— 1

#l9: —1~ 6Sigma I | THTEA B9 FAk L7 5 B 75 48 5
AT —T R, RE (A) A=74%F, Eh (B) A
WAAKIE, BRF (Y), 1AH MINITAB 0 8 & 2 0
(FIEZHAERMEW). HaPrdRmE 4 -19 .

Fd-19

3 a | ool § a | 2| o
5 A ];__“ Y - A B Y
1| 1 & | 1z | 3 2 15
B P R 13 Lol 80
B E] ] %0 14 2 i 98

4 —_I_ 2 15 15 T 3 1 &0
s 2 | 2 s e T2 23

D
o/ T



(84 )
b £ 1__| 30 17 2 3 |
el 1R | 1 s I!; g 2 23
N l 19 | | w
B 3 | w | 1 1| %
10y | g | el T
1 2] | = 7 | 2 7

Interaction Plot for Y

Two - way ANOVA: Y verms B, A

Analysis of Yoriance for Y




EFOFE fTLaxEESs A _~

Source DF S5 MS F P
B 1 17280.7 17280.7 202.31 0.000
A 2 1049.3 524.7 6.14 0.008
Interaction 2 116.3 58.2 6.68 0.519
Error 18 1537.5 85.4

Total 23 19983.8

Individual 95% CI

B Mean ----- T + -
82.4 {ammmm # oeeee )
2 28.8 (- % amen)
------ e e SE

A Mean ---- % ---m-- + —————- + mmemn o ——mmem
1 46.3  (---- LI )
2 60.8 — Sp—
3 59.8 (- * e )
s HGC T + ---—-- + e b e

MOANQVA 4rtral /1, A, BIE TR PEHE/NT 0.05, A,
B IXF XY 4 W E N, HAZRTGAEJHRE AT 0.05, Frkisg
BAEHEWARE . F40F T E K Elda] LR3I iR asie .
QEEF 72 T e W 17 .

ST,
H LS
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ME 4 - 38 nfHl, ZZHVEA® P=0.519>0.05, Hit,

A;By N OAB A - HERMRZW, HATAEHE
3. ZEERAREDH

% R F J 253 47 SOy -4 5 2= 50 e IndAE P07 22 o,

(1) FEITEI.

T /5324380 (Balanced ANOVA) B XK T-HHRIAVZH %
AT, B R AR R 2 AR 3 K.
#] 10: —~ 6Sigma T || FBA R 855 B4k T G By o548 &
T F— P RENLR. BE (A) 4 MK, K1 (B)
FHa4KFE, M EHE (V), 5 MINITAB R R £ T #

T2 HAPHrEE SRR 4 - 20 s

FT4-20

3 ca | 2| o | & a | | @

A | B Y A B Y
! 1 1 0 | 12 | 4 3| 3
2 2 1 0 ] 13 ] 4 80
3 3 1 s 14 2 4 08
4 | 4 ] 5 15 3 4 | =9
5 1 2 | as 16 4 4 23
& 2 2 _ 30 17 1 | 35
7 3 | 9 68 18 2 1 25
8 | 4 2 R0 19 3 1 89
9 | 3 | w0 | 2 4 i 90
1 2 3 12 21 1 2 ) 05
T 3 | 3 23 2 P 2 23
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ANOVA: Y versus A, B

Fiector  Type Levels Vialues
A raridoem 4 1 23 4
} fined 4 1 2 % 4

Analysis of Vanance for Y

Source: DF 25 M5 F 3
A 3 31629 1054.3 3.56 0.06]
B 3 7.6 119.2 D.40 0.755

A*H 9 Jobbh Y 20963 .36 .97
Frmar 32  26630.0 B32.2
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Total 47 32817.3

Source  Variance Error Expected Mean Square for Each Term
component term (using unrestricted model )

1 A 63.17 3 (4) +3(3) +12(1)
2 B 3 (4) +3(3) +Q[2]
3A*B -178.62 4  (4)+3(3)

4 Brror 83219 {4)

Means

A N Y

1 12 57.083

2 12 43,917

3 12 66 .083

4 12 60.167

B N Y

1 12 56,167

MA@ AT AL, BE A BHFIEm P=0.061, X
F0.05, ARTHSHREAREWNARE; R BETHEW
P=0.755.KF 0.05, BRTASTHEMNEWAEE: AxB A
FEYESIH P=0.947, (R R T 0.05, R, AB A 7G4
A B &,

(2) 3022508 (GIM),




FEFE HLREE Sigmal® o

AR H Z R 2R E R EWABE KT T e F
WA BRTA2DKE, MC, DEFH IR, BEMW
KAV BAFAR, BT A TR 8 L 225080 -

B 11; —> 6Sigma T | | B BA T 9T AL Ly A W A 7 2
AT T RAIAR., B (A) AFDKY, EH (B)
FARATKE, BOBT T (YY), 5 MINITAB i GLM 4 247
Pr. Hordres R 4 - 21 BrR,

x4-21
s |l ale | a| tla| | o
A B Y A B Y
l | 1 _ 73 10 2 ']‘—' ?
> | 2 L84 |1 bl pr
3 | i 568 12_ B 2 - / 1 67
4 _2 1 -34 _j 13 ] 2 _TIS_
s 1 2 g I 14 | 2 2 | 86
6 2 2 o5 | 15 I 2 | 9 |
_? j 1 2 o8 16_ _ 2___ 2097 )
85 2 2 ) 17
_9"_!r_ 1 1 os | | | | ]
General Linear Model: Y versus A, B
Factor Type Levels Values
A fixed 2 1 2
B hixed 2 1 2
Fe

PR
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Analysis of Variance for Y, using Adjusted SS for Tests

Source DF Seq 55 Adj S5 Ady MS F P
A 1 203.1 203.1 203.1 0.61 0.450

B I 4064.1 4064.1 4064.1 12.18 0.04
AxB 1 264.1 264.1 264.1 0.79 0.391
Ermor 12 4002.8 4002.8 333.6
Total 15 8533.9

Unusual Ohservations for Y

Obs Y kit SE Fit  Residual St Resid
2 84,0000 52.0000 9.1318 32.0000 2.02R

R denotes an observation with a large standardized residual .
Executing from file: C: \ Program Files \ MTBDEMO \
MACROS \ GFMAIN, MAC

Macre 1s runmng . . . please wail

Main Effects Plot for Y
Executing from file: C:; \ Program Files \ MTBDEMO \

MACROS \ CFINT. MAC

Macro is running . . . please wait

Interaction Plot for Y

B
HEE ) AR
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Main Effecls Plot — 1S Means for Y

A B
92
84_.
-
68+
6{]_

Interaction Plot = Ls Meuns for Y

& 2
i L
Mean 70 ./ .

[ 4 -39

M OGIM A AT, B A HFHEm P=0.45 KT
0.05, AFFHAMENEMAEE; [ESTBRTFHERP=
0.004 /T 0.05, BRIFHESHEHNEZRHE E; AxBET P=

T
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AERRSE AEET SRR B, WA o0 IR TR K
Ko, MR HE B A B 103 T

1BEE (1) AERERR (H,)

B (H) SRR AR R, a00 s ik 4
gy, X Akt EY.

FHRE (H) BRETTRARE BRI, WRH%E Y,
WA X —fi A B

2. 1 R48RF0 I 2£553R

M H, SChR A EE N S IEL BT S IR TR,
H, SRR B I e deny 1] 2585 15% .

3.« RBzH0 g K=
M, MEET, M H,, N e RS, BB HZMXE. @

M OH, AEE, B H, R 3MWE, XHRATmENAL. 8
T!ﬁ’ B ,‘){'_.I 10% ""20% I

4.PEALE EMEK

PEHME ZMEAF, ABRREEF -BH 5%, B0.05,
P=0.05, MEEZFEWR (H,), ®M, FeEEEn,

=
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B T )

5. iRl —RIRE
BRI R WA 440 Jim .

N H,
o (i }
- Hy

\

%EE%%&%@%‘
L. FEEX°
BRI M o« 1 B
IR\Bg K -
(FRERAEE (5/0)
FErEA /D n
ﬁ%ﬂﬁﬁﬂﬂ

g 4 B A

Y

‘ﬁﬁﬁﬁéil'ﬁﬁ@
HIHE (., F3 L)

l%ipﬁ#ﬁﬁ%ﬁ'“j
Pza ¥ H, HWIEH H,
LA i MR
B S

n=2 (Z.» +Z|3:'J2 {&/5)2

B 4 - 40



6. BRiRteR AR EHANERE

BRI AT N o, WHELIEHN 1 - o, RZIRK. W

&l 4 - 41 R

I TR 03]
N \ u
. S~
1-a | o
i e g, E7 il 7 b 41t hafp

B 4-4l1

R KT AT 4 A PR B R AU G 5, R B S BCRIFE 48

e EE AT, QUE 4 - 42 A .

/

a2

a2

N, 5

=k r— —

B 4- 42

2
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7. B FIXNAE IS PRI SR
flR it Aoz B 11 PO 5 R MG T A 1 3 4 - 22 s

Fd4-22
gl ] iR & 14 AR UG By WM E I
H,: =y
ae TR
I: 1y ;é{u.
H.: =4
b o <o 26N
4 I £o]
5 H _
L1 e f = o Eﬁ{lﬂﬁﬁ}{iﬁ
Hn: [y 2 ps
”u: [ = M2
AL 46
H,: gy <5
H: 0=
i e oo AL iy o
o
¥ 17% 3
] Hﬂ: 0 = 0y
K
B Hi: 0> a Bl e e
0| < 5
Hn: P| = Pg
XL Aoy B
[-t H,: P! ;épg
i -
P H: P =P
i .
5 H.: Pi<P, ! B8 {0 {6 3%
P| - P?'
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8. RRIEAHKLH

(1) BT Z K%,

FEAE Z fug B st SRR A S E TR e, AE
RAEA = KT 30, HOREPREL o CH. BT H,: »
=1, Hot pystp,, MEGHARN 2= Z—;j% At B &K E o
BRI el > gz, >, (< —~ pigs

#12: - 6Sigma W B A A A MW ERESR S
f&, BT -EEEMNES. LH c=4.88, FFHEEE u=7500,
BT H ZHAHER 30 MEES:, RS RE S P S A R 500, iR
Fd MINITAB {8 1 - sample Z 558, Hortrah R and 4 - 23,

Fa-23
4 C1 X ! 2
SAMPLE SAMPLE
5 49 16 503
6 493 Y 504
B 499 18 505
8 495 ; __ 9 496
9 4972 i 20 492
[0 503 - 21 493
B! 4972 | 22 494
12 a3 23 495
i 13 95 24 a6
4 506 25 ; 497
i5 502 2% 498
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W

One — Sample Z: SAMPLE

Test of mm =500 vs mu not = 500
The assumed sigma =4 .88

Variable N Mean SiDey SE Mean
SAMPLE 30 408 . 000 4.885 0.891
Variable 95 .0% Cl z P

SAMPLE  (496.254, 499.746) -2.24  0.025
Z Dotplot of SAMPLE

Dotplol of SAMPLE
( With Hy and 95% Z - Confidence interval for the mean, using Sigma = 4. 8800

)

S S T O T T o T o T L I O T - T
b——— e ¢
X Hy
T T T —
40() 495 500 505
SAMPLE
‘ B 443

M ERETTE, P=0.025<0.05, {4 BB Hyo M FE
HETAL, Hy B4 sh, PRI 30 A FES M- B AR ST 500,

‘ (2) BEEA ZHRE0.
A Z B AW A BRI E TR, o, n M

i Ty

s g,
é’ﬁ#‘f‘“ﬂ;ﬁ
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L

g, o LWH, BREES H: =, He =, ] o B 25 =\

7= .}L'—__Lj, ﬁqﬂg’ﬁ?KlFGMfﬂ@ﬁﬁ?ﬁlpl>;m, e >

f'lllﬁ + 52
N m s

oy P< — o

1 13: —4 6Sigma 7 [1 P BA 4 f 58 B 5 AL N T 720
ME T, WE ITWELE, CHle =463, 0=5.24,
05T L) ALAG B AT 10 I R T A%, i MINITAB 48
Keua /b, HardresRinE 4- 24,

F4_4
Sampies1 Sampies2

1 495 s3 |

2 505 504
) o8 505

4 497 496

s 496 492

6 493 4

K 499 ' Y

8 95 495

9 a0 496
10 503 4w

1 9 ' 498

12 493 505 |
3 496 5w

14 s 505

15 502 491

Alpa e r At
f\;‘f?h"':" s

L] P a4
M AR
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B R W R L WL

Two — Sample T — Test and CI: samplesl, samples2

Two — sample: T for samplesl vs samples?

N Mean Sthev  SE Mean
samplesl 15  497.47 4.63 1.2
samples? 15  498.53 5.24 1.4

Diflerence = mu samples] — mu samples2

Fstimate for difference: — | (7

95% CI for diflerence: ( —4.77, 2.63)

T — Test of difference = O(vs not= }: T— Value = — 0.59
P-Value = 0.559 DF = 27

Dotplots of samples! and samples2

{ means are incicated by lines)

505 1 2 2
0
o ]
4]
500+ o
ol L"T
A e
o )
445 o o
Is) b
o =
A0H) =
T I
samples ] samyles2

B 4 - 44

MEL FEYIE A HL, P = 0.559 > 0.05, 9 IF 01k 4 {1 i

TRar i Tt
B TR T

TI1RI a2 -l
TR b



ST ZEBBA

Hy, M DEEIS, WP HMARAMSE, HERailaskE R
EET.

(3) HEEA v,

AFEA t R EXT A REA I TR AR
AR 2 S, Hy: p=gor He: potp, IBAMH t= ﬁi&lﬁ
g, MEFEMKY « WA N It >t,, (n-1), 1>,
(n—-1),t< —t, {n-1),

W 14: —4 6Sigma W H A A AR EHBTEELELR
W, DHAEMEERAEE B u =500, FLFEIN H 2 HiEL 30 £
o, FEERFEEN I EREES R 500, 4 MINITAB £ 1 - sample
t Ka4G . Hhsh R Uk 4 - 25:

F4-25
3 c1 R cl
Samples] I | Samplesl

B 95 12 493 |
3 505 | i3 496 |
B L1 506

a 47 " s Cos
s 496 16 s
6 o 17 504 -
7 4 8 | 505

8 405 | 19 96 |

9 | aw 20 a2

10 s | 21 a3 |

noo, am - Y




FBE fAxHEESaaE o
One — Sample T: samplesl

Test of ma = 300 vs mua not = 500

Vanable N Mean StDev SE Mean
samples] 30 498 .00D0 4 885 0.892

Variable 95.0% (I T P
samplesl ( 496.176, 499.824) -2.24 0.033

t Dotplot of samples]

Dotplot of samplesl
{with Hy and 95% t — confidence internval for the mean )

l

P B R o R S = B B o R LA R S o & T
—
X H.,

I — T | - - 1
450 495 500 505
SAMPLE
B 4-45

ME 4-45 KT A, P=0.033 <0.05, 48 {Bi% H,,

S



N =RAL. L S LA

M ORI ET R, Ho AEFRZabk S8, M 30 SRS R I EA F
- 5000,

(4) A L Frde.

SEEAS + K58 LT R AV TS, HAERWR
HEMZE S, S e, HEwARh.

T= F 1
[ R R
A nl+n2><hp
. (-1 S+ (2-1) &
i n+m-2

B 15: - 6Sigma T AR ek L L2, dede T ¥
B AT (R R LR B A T T 4 B A B o P 3 P 5 AT T e
#%, FH] MINITAB 4% 2 — sample t ¥ 3573 57
Harfreh Rk 4 - 26.

E4-26
| | Cl 2
before Cafter
1 | 60 | 650 |
2 605 600
3 625 ws |
4 545 634
5 568 625
6 sz | 605
7 535 624
8 568 678
9 sp 608 |

.",.'__nz:r:_,
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S

(4% 4)
0 528 645
11 525 578
12 532 535
3 w0 | s
14 535 578
15 502 675

Two — sample T for before vs afler

N Mean SiDev  SE Mean

hefore 15 556.1 36.2 0.3
after 15 618.3 47 .4 12
Difference = mu before — mu after

Estimate for dilference: - 62.2

959 CI for difference: ( —93.7, -30.7)

T — Test of difference =0 (vsnot= ); T=Value= —4.04 P -
Value = (0,000 7F =28

Both use Pooled StDev =42.2

MUL LRI AT, P=0.000<0.05, JE4ZFHE Hy. M
4-46 V[ H, LZMGENGA B EER, BERMNEEMNHIE
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Datplots of hefore and after

{ means are indicated by Yines)

700 o
. B
B
0 3
o ° 5
§ o
S
500 o
he{clrre ailhzr
B 4-46
(5) v kile,
1 KSR AR 2 TR S, EAEACHIYE p, B,
H,: 6=0,, H,: s%0,, BfARE AN,
}[2— 123 (x .”-n)zu
fHl16: - 6Sigma W H B AT K= ARET
AT R, WREET 4 AT RIMAE & B, 1477 MINITAB
i 4* (Chi— sqare test) R84
Fa-27
: g Cl1-T __CZ G
line gond defecﬁv&ﬁ_
| I“ 1200 892
2 2 2389 125
3 3 _ TEO0) 123[]_
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e P e e e B

(#R)

L |
4 4 12789 560

Chi - Square Test: good, defectives

Expected counts are printed below ohserved counts

good defectiv Total
1 1200 892 2092
1875. 11 216.89
2 2389 125 2514
2253 .36 260 .64
3 7850 1230 0120
8174 .48 945,52
4 12789 560 13349
11963 .04 1383.96
Total 24268 2807 27075

Chi-Sq =243.066 +2.1E + 03 + 8.165 + 70. 588 + 9. 900 +
85.595 +56.741 + 490 .554 = 3066.043
DF=3, P- Value = 0.000
MU LFEE WA, P=0.000<0.05, fh#E8R I, F~
AR AR TR
(6) F®ide,
PR RO R A I TR, H: oy =0, H,: o

gl -t.l:':!. f::{;¢
"r'.:g'%'.‘ ik
o= :rH!'F';;

AR



g REREBAN

orn R F:%
#17: — 6Sigma Wi 5 WA A0 T L= E R =854
PRI R A A e, g 1 A EAE, 14T MINITAB f#

ANOVA 7.

Fd-28
4 C4-T Cs C6
A B C
2 123 I 156 145
3 124 178 167
4 s | 156 i 68 |
5 126 | 189 157
6 135 156 | e
7 136 124 189
8 145 156 169 |
9 156 145 179
10 178 156 a0
— _

One — way ANOVA: A, B, C

Analysis of Variance

Source DF S5 MS F |
Factor 2 4006 2003 6.78 0.004
Freror 27 7973 295

Total 29 11978
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e e e i -

Inilivichmal @5% Cls For Mean
Based on Poobled] StDey

Lovel N ) PRTR GiDey =-== + snas Py e S g et T ¥ il
A i 14040 1822 | e ]
10 I135.00 18,83 e ¥ rnee |
(W 10 I6E.TD 14,12 {amems LI )
BRI N N e s

Poolex] SiDev =17 18 |35 150 165 180

Boxplots of A - C

Beasplats of A = C
| ez e poalimeal firy mnlid circlis )

LU B

B 4 - 47

ML 1y ANOVA Sh7 T 81, P = 0,004 <0.05, A B, C "™
SO EE R T 0. A DRI, C BT
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Test for Equal Variances

Response C2
Factors Subscripts
Cortlv] 95. 0000

Bonferroni confidence intervals for standard deviations

Lower Sigma Upper N Factor Leveld))
11.6043 18.2160 38.7651 10 A
11.9971 18.8326 40.0773 10 B

8.9943 14.1189 30.0463 10 C

Bartlett’s Test { normal distribution)

Test Statistic « Q.797
P-Value : 0.671

Levene’s Test (any continuous distribution)

Test Statistic « (.239
P-Value : (0.789

Test for Equal Variances: C2 vs Subscripts

ME 448 u[H1, P=0.671>0.05, A, B, C T,
BAE—FE., AT E oMb, CHEFLETIT iR
x.



B kPl B i W

Test for Equal Varnances for C2
5% Confidence Intenvals Tor Sigmas  Factor [evels

- - . ¢ Bartlett *s Test
Test Statistic: (0. 797
P-Value : (671
| —— | B
Levers" s Teat
Tesl  Statistie: (0.230
P-¥Valtue : (1,789
g a C
L : T T
10 20 an 40
B4 48

(7) SLEH PRES.
B PR R AR PENRTTRR®E, TRIEHESGK
[SPIZ Y o
Prm=p+Z+p {1-p) /u
Prw=p-Z+p {(1-p) /n
B118: —1~ 6Sigma T H FBA R 43t & P R BV B LR
R 2 EFIET £ 0.0025, KT 9800 PCS, & HA 23 PCS A
L, 3J1] MINTTAB ¢ 1proportion test 43 £/ .




i Mok of Enals oLl
Mmler of suoeeses ; 3 e

Conlidrnce level: B0
Tl jurmueitesnz | D 102%
ATt ||!|l I'--|_|-|___ '-'I

Llae e iied innerval hasest om nonwal denbotive

_ ey | TS )

T sl (o] b | e f".’lll_ulrlll.lrl
T il ]|_|:| 25 vE ol = ). (K115

Foac

=eirrg b % ' sarple 095 (e Ol P = Valew




FEE HARARSSeuNf o

1 X D 0.0M7 (0068, 0LES19)  0.ED

BT e 8% AT, P = 0.765 KT 0,05, B fE LR E
fEEESE By, PSR A 1 AT 0,025,

(ROl i P e .

AHW PR R FE A PORAET TR, ol 44 L 58 5 X 1]
FUERE L F

- St | T I_‘:H—I_‘:‘.I
FJ'.!={F|—F1:'+£J-I' - ) =

Py = (P =Py} = LJJF;ELH HU;; Py)

B 19—~ 65igma S E BN 5 o B 5 P Ak 2R RS an
AR LA R A WA, S tE P ER RS 1123 POS, R
ASPS AR, f£n—HE M EER 7 2345 PCS, ERAH TH
PCS A B, BT MINTTAR 4 2 proportion 1est 208 .




= #7064 A (T

Test and C1 for Two Proportions
Sarrgele X N Sample p
I 45 1234 0. 36467
p. TE9 2356 0. 033637

Estimate for p{1) — p(2}; 0.00282933

95% Cl for pl1) - p(2): { —0.00788073, 0.0135304)

Test for p{1) = pl2) =0(ve ot =0): £Z=0.54 F- Value =
0,592

M EERaE, P=0.592 KT 0.05, Nt XiEfEgeTFH
i Mo, PR T ER A R AR A HI .

e E A&

] 1 53T UL B 6Sigma AP HTAY — - M TR, i it 1 A




EWE LB E eSga 8 o

e = e e e P g el e P T

W 10 LT A T 0 A K R D U R T B A 5 R TR
mMAEES.

1. B RN —ITTEMELE AR

By MBI y = byx + by + & Hitpr by A—IK
K, by AEEI, < NFEHLIRE.

0 20: —~ 6Sigma T H B EA 5 23 ¥ 7= BB R g
HE VEIRDAE, #1770, HiIARSENE4-29
firsis, 38 MINITAB ##1°1H 734 .

Fd-_29

3 C10 c11 C12

press size RES12
1 3| 123 - 0.25971
2 24 124 0.58887
3 75 125 1.43745
4 26 126 2. 28603
5 34 127 2.07466
6 36 128 2.77182
7 2 121 _ 3.62250
2 36 120 | _ 5.22818
9 37 123 - 2. 37960
10 38 124 - 1.53102
" 19 125 ~ 0.68244
12 42 . 126 ~0.13671
13 41 i 127 1.01471
14 45 128 1.40903
15 46 129 2.25761
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Kegression Analysis: siee versus pres

[T= FEETE=SAT equalion is

sipe = |20 4 0. 15] press

Preductor [l SE Coeel T F

Conslant 119,777 3.0 1K . o) (b, (NX)

press . 15142 0.08620 .75 . 103
S=2.430 K-35q=19.2% H— Sl adi ) = [2.9%

Analyars of Yanamee




EHYE fA2E0F6Sigmatlf -~

B g i, - = A==

Source DF 585 MS ¥ P
Regression I 18.181 18.181 3.08 0.103
Residual Eeror 13 76.753 5.94

Lack of Fis 12 44.753 3.720 0.12 0.987
Pure Error 1 32.000  32.000

‘Total 14 94.933

13 rows with no replicates

Unusual Observations

Obs press  size Fiy SE Fit Residual 5t Resid
& 36.0 120.000 125.228 0.634 -5.228 -2.23R

R denotes an ohservation with a large standardized residual

Restduals vs Fits for size

MUL BT a] 58, Wi ZE AP EN, size =
120 +0.151 press. MIH R PH%ZETF 0.103 > 0.05, it nl 57
AMENREF, PIHMRRBZR R - Sq=19.2% /N1 1, F I
BARENE, A RS R . ST,
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Polynomial Regression Analysis: sise versus press

The negression eopuation is
sige = (43005 = | (2B733 press + 00212314 press + & 2

5=2.25560 R-5q=35.T% R-5q(alj)=25.0%

Analysis of Varanoe
AT [ - MS F P
Hegression 2 33 .BBO6 16.9403 3.32904 0.071
Forror 12 61.0527 5.0877
Total 14 94 9333
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Source DF  Seq 85 F P
Linear 1 18,1806 3.07934 0.103
Quadratic 1 15,7000 3.08586 0.104

Fitted Line Plot: size versus press

Regression Plot
size = 143005 — 1.28733 press + 0.02123 4press” * 2
$=2.25%0 R-Sq=35.7% R-Sq(ad) =25.0%

hE]

130
q
M
th
125 —
I S e T ‘,"’" —_—— Repession
e
120 — l#._'_. reranear SR% CI
T YL —reme 5% P
I I 1
p.. a5 4
press
B 4-49

M BTl 350 B AT, i R A B S R R size =
143.005 — 1.28733 press +0.0212314 press * =2 , [0l 774 P{E
FTF =0.071>0.05, FUEFILIARKLG . ITHAXEESR - Sq
FT35.7% —WIMER, BEED F 1, PEESS AL
AEE, BrdNiZ s sk, EHSSuT .
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Polynomial Regression Analysis: size versus press

The regresswn equation 1=

e = B2, 9558 + 4. 19420 press — 0. 1490086 press = = 2 +
00015387 press ® = 3

S=2.31830 HK-35q=37.7% R-Sqladi)=20.7%

Analysis of YVarance
S K = M= ¥ P
Rezgression 3  35.8137 11.9319 2.22121 0,143
Faror 11 59,1196 5.3745

Tl 14 94,9333
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Source DF  Seq S8 F p

Linear 1 18,1806  3.07934  0.103
Quadratic 1 157000 3.08586 0.1
Cubie: 1 1.9331  0.35968  0.561

Fitted Line Plot: size versus press

Regression Plot
size = 82 9938 + 4, 19421 prews — 0.40086press ™ * 2 + 0.0015387 press ™
$=2.31830 R-54=37.7% R-Sq(ad) -20.7%

s12g

e Ee—— L R

B 4 - 50

PV b 1ol U353 BT T 00, 0 2 A ) b U1 R S

size = 82. 9558 + 4. 19421 press — 0. 140086 press * * 2 +
0.0015387 press * * 3, [MUI R PI%ET 0.143>0.05, Mt
MINARKE . FAMHIEESB R -Sq=37.7% 1t - K& T,




O ZEBEAN

IR /NT 1, HIER SRAABEAEANKE.
2. ZouEEEIEANE
% O I H R nl RN

Heb by, byeeoeeb, HRIARS, « WEERLIRE,
R 46 TN I ] ST 25 A o 3
SOy = Ly — 555
S5 = 2 (3, —¥i)?
Aef 3 AHE
vy =bo+ bixpy + 0o + box;,, 1=1, 2eeeees m

Z LRI FZEIER 4 - 30 PR

FT4-30

FEXRE | FHM B @ & ¥ 70 Ffd@ | EfE

LIPE! S5 n S8 /1 S8/

\ S5/ MS
B S5 m-n-1 —ﬁm

| (m-n-1} + Mm
B Lw m-— 1

B 1A a=\/ L _qs,

m-n-1"
FARHR =1 - 2 2
ah [JY'Y ]_JYY

)21 — 6Sigma 0 I F BA 7 437 55 7 5 09 45 6 SR HE AT
T—Widke, %% A, B, CEAEFRNKTE, HiXRER




FEF fAfnE SguRE o

B

% 4 - 31 fifox, iAF MINITAB &85 24 ,

F4-131
4 Cl1 L0 C3 C4 C5 | 6 | C7 | (B B
StdOrder RunOrder| CenterPt| Blocks | A B | € | Y | Rest
1 T I | | 1 -1 | 1 M - 15.0
2 3 3 1 1 1] o1 s 29.0
3 s 3 i 1 (. 1| 718 | -7.5
R R N T 1 P Y P P
5 8 5 ] i l 1 L | 67 8.0
_;-_ _2 | 6 N 1 1 i -1 -1 B3 21.5
7.5 701 1 B RER N 14.5
Regression Analysis: Y versus A, B, C
The regression equation is
Y=563+500A-13.3B+11.0C
Predictor Coef SE Coef T P VIF
Constanl 56,250 9.929 5.66 0.005
A 5.000 9.929 0.50 0.641 1.0
R — 13.250 9920 -1.33 .253 1.0
C i1.000 9.929 1.11 0.330 1.0
S =28.08 R-Sq=44.9%  R-Sq{adj)=3.6%
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Analysis of Variance

Source DF S5 MS
Regression 3 2572.5 857.5
Residual Error 4 3155.0 78R.8
Tolal 7 5727.5

No replicates. Cannot do pure error test.

Source DF Seq 59
A i 200.0
B ! 1404 .5
C 1 968.0

F P
1.09 0.450

ML L Il A7 BT, I R AR Rl R Y = 56.3 +
5.00A~13.3B+11.0C, PILIKFE PHFTF 0.450>0.05, H
i AERE, MHMECERR-Sq = 4.9%/pT 1, Al
FRA B CENMHATFIREEWAREN T ERE, RiEM

HoAth i oA AL
DHHMBHEATA

SrATr B

HINLBAFTZES . B8, L35 1E

g, WK, 2Eaad, HBaH, ZRE T

FMEA #1 QC FHIH-E T E..

e,

[P PO e S
SRR
TR Y
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1. EfSEMEE

T T A B T R ML A, R
MaEES T, vTHHHTTH L

23, —4 6Sigma TR H B EA % 5B 5 80 RHERE e
S, FRSEMESS . LH MINITAB 8 1 &1
B B T

M 4 -51 bl i, P=0.000<0.05, FyEl840 4 8 M
il 2 e 4

‘1 DATA Yarialide: | DATA |
Melironus, probabililien: | —
-
Tirsis, fir Srsanlin
- Aredermim - Tharing

_1_!1-- - Joaner A Sinedar to Shagan — Wilk )
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Normal Probability Plat

oo :
05
Z 8o
| 50 :
'E !
20 ;
a e
3 i
01
001 b ;
i I : b i b " b
o 100 200 300 400 500 600 700 800
DATA
Bwerape 1112 Arderson-Darfing Kol Test
SADwv- 175148 ASuand 4 0%
N3 P-Valse [DOT
B 4- 51
2. ZL B4y

LA B Ay I B AT A, LA R AV
FMRRE

#]23: -~ 6Sigma I B BIBA b 53877 2 Wg 8] (A) | ™
2 (BY., £HE (C) ME=GAFaREm, WET —HE
B, BEHAAETHREEELE, H MINTAB 277 B4,
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Fa-32

135
145

156
178

185

132

146
156
189

234

235

278
289

129
163

213

345

298
456

9

1

™

10

1]

13
14

15
16
17

18
19

21
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BB e = ok




FRE 4 EHESga B

e T L T T T e T

3. Bt

KITE ¥ A A sk WA 047 4 LA, ot BB 5547,
W1 LA B AR A (o A vy o o AL S B R e b B AT 34 . H T
WEE A TRAFARE, SHE, BFE. Z2E, nhHEE.,
BERP . FIT) Minitab R AL 2T L4 AT B el 4R 2900 88 R (] 2801
4, A& 6Sigma T | [RINFIREE

4. TRE S

i FEHE ) H7 B 6Sigma 101 F 202 () BLANL, A8 ) ST FR AR
SRl A B RS MF 2K, MICAEL LD, Wiz
28 ik A = HER,

(1) ELEEPIRRLLERR .

A ESAR T IT R RE I AT T B R T A A )
i, AARMIESS T, MBI TE R RN FES I,

B124: -1 6Sigma i H HIBA 43 57 5 & A PERE, IR
T-—-HEE, HRASBRMES 4. B MINITAB fffF 81
W adr, MREFEASRMATEES A, H Box - Cox ZEITR .

F£A-33
C1 C2 1 Cl 2
x x
1° 12 . 12 9
2 2 13 123
i3 _ 14 451:;
4 4 | 15 23




o HERHEAN

(b4 )
RIS B _i__u ia
B lr 5 1 3R =
) A" R 1P -
X -E- 3 _|? | 3 |
y B 0 2 = ¥
10 Fig 1t R 2 1 i
TN W

ME 4 -S34rETaT 8, P=0.000<0.05, B7LL S A B
E&4r 4. T Box — Cox $5880, JCEFRGNSE 4 - 34 TR
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Normal Probability Plot

. 999
0.99
(.95
;*if 0. 80
g 0. 50
a.20
.09
0.01 ; . . ; : :
0.001 4 + -------------
] i ; ; o
8 1060 200 300 400 SO0
X
Average: 111.2 Anderson — Drarling Moeruatity Teat
Slev: 175,140 A - Bquared: 4, 858
M 30 F — Value: 0000
B4 53
F4-3
4 Cl 2 E 4 Cl 2
X .l X
} 12 0.57141 12 9 0. 60966
2 2 0.85547 13 123 (.33831
3 3 0. 78081 14 456 0.25185
4 4 0.73182 15 23 0.49353
5 567 0.23980 16 45 0.42420
6 2 0.85547 17 &7 0.3879]
7 4 0,73182 18 89 0.36388
8 5 0.69595 9 1 1.00000



o SEEBAN

-

(&R )
9 6 066795 | 20 | 2 0 85547
10 7 0. 64516 21 3 ’I 0.780K1]
11 5 0. 62605 22 | 4 0.731K82
Box = Cox Plot for X
05%, Confidence Interval
400 I ast Teration Info
[ ambxda St e
Tow — 0 282 13_ED0
300 Fa — (k282 13 753
Up —0 165 13 84
= A
=
an
100
n -

I I T I I I I ] T

-3.0-25-20-1.5-1.0-0.5 0.0 0.5 1.0

Lambda
B 4-354

H it B RMERDT .

MTB4-55075H, P=0.325>0.05, FrLAEIRAR M IEAS
IrAt .

(2) BERCBURR T PEEE 1 arffr.

AT BRI AT IR T A, AT HA A, A
$E R 5 A0 BT A 40 AT e[ AT BRI

2 A
A .{”.-_:“:
i



0.999 - -
0.99 o - b
0.95 -
0.80 -
0.50
020 4
0.05 4!
0.01 i —
D.{l}1~|§ -

Probability

0.2 0.3 04 0.5 0.6 0.7 08 0.9 1.0

C2
Avernge [, B34604 Anderson — Dadirg Momalaty Test
Sthev: 0. 194312 A - Squared: 0,409
MN: 30 P —Value: 0325
B 4- 55

) 25: — 6Sigma S B IR BA 40 M350 7 5 B HERE L i A
CILE FIEAMTEOR . TRF MINITAB A3 F 25 ¥ 2 3 14 o
BEE F1A0T

FTa-35

¥ C1 C2 3 C4 s

poisson binomial chisqure weibel! logistic
1 54 992 7.0736 12.0253 | —0.8360
2 47 991 12.6715 12.1914 1.5739
3 46 995 13.7563 11,7826 | —2.1628
4 54 084 9.4031 11.9622 12880
5 54 988 11.9464 11,8816 1.5442




)

[ 45

(84 )
6 | s 992 3.9039 -11.5388 1.9565
7 48 993 6.6143 12.1247 1.4336
8 49 996 8.3554 11.8593 ~0.9751
9 66 9972 56424 12.0972 ~ 6.1660
10 64 086 10.9851 123237 | -11.4090
11 59 993 o.1846 | 11.2871 4.7642
i 12 57 990 16.8820 122050 5.4135
13 43 688 8.5998 11,9011 - 1.0206
14 44 990 26746 11.9360 3.8178
15 44 992 7.6380 12.3126 ~4.2918
. 6 46 996 5.7519 | 11.9692 | - 16.3058
17 63 989 6.6298 11.8211 6.7289 |
_13 42 o84 12.2915 11.4001 - 0.4912
19 39 004 7.9051 12.3560 ~3.3432
20 50 URY 16.7113 12.0445 6.8387
21 58 087 2.7387 .88 | - 2.5689
22 991 12,0074 11.9901 —4.7441

ORI REE ) 7317 .




BEk HLEREeSma#E o

rip
laipenil
hpien
wrelluil¥

kprsn

Poisson Process Capability Report for poisson

EE N

e ol T4

B 4 - 56




o AERSEA

W18 4 - 56 0] ®l. DPU =0.05003, ik O = 1000, DPO =
THPL /0 = 0. 05033 1000 = 0, 00005033,

Facore = NORMSINY (1 - DPO) =3 888

Vit = Zacore + 1 .5 = 5. 388

T T A i B D

MIE A -STu[HI Zh=1,640 Fa= 1. 649+ 1. 5=3_ 149 3 F
BE A {Fh A e 2
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Binomial Process Capability Report for binomial

P Chart Binernial Plot
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o 10 x b [ 5 I 100 L
Farmple Mumber (Emerved Delaciims
Cumuative Cefectve SuTumany State Dest of %Defechve
O e e inencies BE% L 1) :
w53
o Aerage P 003527 il
% . DG O L
o -,ﬁ - 1
.= _— = P Wllphechey 4 353 K H
E +eE A 40 5o §
LE B T ar gt o -
51 o . o - i
I PP Do BT " El- !
ABTO 4BE5) :: P 1]
LI~ ooy
10 m L) IT.] =) Pancpgs 2 1620 am ry-"s 'k ian
Sanypk Moarber (1545 1 B

5 QCHF. BtIER

QCHT. ML LLAE TOM ¥ H T.H, % 6Sigma 45 3B [5]

FoE N, RIEEAEERL, WM, FEEEEAsE LITH
AR B0 B e 4 ) S0 Bt vy 0 B ) A D R AR 1L
B -1 VER KGR AR R R R R A E
ATERBUERE W IR B Rl il R, 2R EE
T RE AR AR A i, RdEM AR | H
P CAER AT, BRS T TR, ABEREE iR SR
FIH T HEZT 1o AE 6Sigma T F FYELHER T BEHLAT iy X8 | B

BT 4R 6Sigma BLE (1)

Fig 1 (Improve) B, WA rdrikRiE W s BEG L



0 ABEBEBENT

Ko BRI FME N #HITAE, ARG A
6Sigma M H , 5|5 Af1FK 6Sigma B H Wk Z i

@2~ A Fid Bis it

PR T A B i b 7 Y - 0 e 0 3 s de ik,
HNESFHERB T 5~7 MU L EERFRHEE, 5
HXIL-AZ WIS A AR v G282 m? RATH 2~
N 747 DOE 5%, KA@M EmRNE, RIMNEITLE
HIESRAT, - BRI T JULRP 2T s,

1. RESHTIE

2o M & DOE IAB T S W e ik, st
— PR RIS 5 0y — KR R AR B — R 2
EHR, HAWERERIK, LI,

Bl 26: —1~ 6Sigma T |1 BA A o8 B 7= B8 R,
r -TZ=Z4WT (A, B, Q) FARKERMRERTT, Hinsk
N 4 ~ 36 B

Fa4-3
. ! Cl 2 3 c4 C7 | C8
StdOrder | RunOrder| CenterPt| Blocks | A B | C | Y
1 4 1 1 1 1 1| -1 &0
2 8 2 1 - 11| 1! s
3 7 3 1 1 -1 1 R
4 5 4 . 1 1l -1 1| 4




B (LR SR o

(& 4£)

51 2 5 : 1 R t] -1l 21|

6 6 6 1 1 1] -1 1] 10

7| 3 7 1 1 ~1| 1| -1] 70

8 1 8 1 Co ot - -1| 80
XA &5 R TR AT

R,=(60+50+20+ 10} - (30 + 40 + 70 + 80) = - 80

R,=(60+50+30+70) - (40 +20 + 10+ 80) =60

R.=(50+30+40+10) - (60 +20+70+80) = — 100

MLLEargralm, CARrZ2mk kK, ARFEZWKZ, B
N T2 &) -

2. HESWE

FEAPrEBRRRET (DOE) e Ak - BT
SPLEAE RN, WHEE PERE R, N P<0.05, AT
DR ES A B EEW; MR P>0.05, HTUNKERNE
TN

#127; —- 6Sigma 5 B A BCE R =R ETSHE, #)
T—47HT (A, B, C, D, E, F, G) M/AKFEHRARFL],
HAALGEE R IR 4 - 37 P,

*4-37
1 [J
| fov) o) o |cs|os| | | o cwofcnleon
StdOrder) RunOrder| Centerpt [ Blocks | A | B | C | D | E | F | G | Y
10 1 1 1 S I 11 L] -1 35




o FERBA

(#R)

8 I 2 1 | 1 l -1 1] -1 —1_ 46
14 3 1 1] -1 | 1| -1] -1 1| 58
2 4 1 o] v o - 1| -1 1| 67
6 “5 1 1| -1 -1 -1 1| -1 1 S;‘r
1 6 1 -1 -1f-1, -1 —1_—1 -1| 48
12 7 1 1 1 li—l 1| -1 —I”iﬁ-
P I s --E___t_-_

15 8 ] -1 Ly 1, 1| -1 1| —1| 38
4 9 1 1'i 1|1 -1 -1 1 1| 49
3 10 1 IR 1o -1 R
1 1 1 -1 1 1 1 1 1| 62
9 12 _1__ ) -f:;--:l -1 1 -1 1 1| 78
13 13 [ -1] -1 1 1 1 -1, -1 54
1 ___i-nt“ L -1 1 1 —|'—1;—| 1] 75
5 15 ! I L 11' (1] s |
16 16 1 1 1 ] [ li 1 1| 64

I 2o id g el .
(1) F MINITAB } 240 #2558 .
General Linear Model: Yversus A, B, C, D, E, F, G

Factor

A
B
C

Type
fixed
fixed
fixed
fixed
fixed

| evels Values

2 -11
2 -11
2 -11
2 -11
2 -11




FWHE HAEHNE6SguEd -

e e e e e e e e e et et e e = "o

F ftxed 2 —-11
G fixed 2 —-11

Analysis of Variance for Y, using Adjusted SS for Tests

Source  DF Seq 85  Ad)SS  Adj MS F P
A 1 217.6  217.6 217.6 1.37 0.276
R 1 663.1 663 .1 663 .1 4.7 0.075
C 1 340.6 340.6 3406 3.40 0.102
D 1 588.1 588.1 588.1 3.70 0.091
E 1 1.6 1.6 1.6 0.01 0.923
F 1 189.1 189.1 189.1 1.19  0.307
G 1 1425.1 1425.1 1425.1 8.9 0.017
Error 8 1272.0 1272.0 159.0

Total 15 4896.9

Unusual Observations for Y

Ohs Y Fit SE Fit Residual St Resid
5 89.0000 66.2500 8.9163 22,7500 2.35R

R denuvtes an observation with a large standardized residual .

MUL EA T A, GINTH P=0.017<0.05 2 BRI
N 1. MEMEATFA PR,
AERFH P=0.276>0.05



o NEEBA

BHFH P=0.075>0.05

CHFH P=0.102>0.05

DEFH P=0.091>0.05

EHRTFH P=0.923>0.05

FR+# P=0.307>0.05

A A.B.C.D.E.FEARBELZWAT,

(2) EEERH A,

FoAi 16T LU MINITAB 48 HY 3= %5572 i B

ME 4 -58H[LIF D GIAFEmMx A, B. C, D, A, F
WFkZ, ERFHBREN,

A B C D F F G
68_
63
53\
53—
4_8—..—.
| — T T T T T T T 11 |
-1 1-1 1 -1 1 -1 -1 1 -1 1 -1 1
B 4 - 58
3. ElAS#HTE

MR A58 i (DOE) I At F -,
ISR A AR y 5IRAKEHEFRIERER, LA
WraE— N E T LR R R, B s N E




FWE L EAEeSpm Al o

T

%] 28: —~ 6Sigma 51 H M BA o Sk R = S a5y, T
— 2T (AL BY MiKFER IR M. Hidess R anE
4 - 38T 7~

F4-38
Y Cl 2 C3 C4 s | C6 | C7
|| StdOrder | RunOrder | CenterPt | Blods | A | B Y
1 8 1 1 1 1 1| 189
2 5 2 i 1 “1 ] -1 129
N 3 1 K I 1| 136
s 3 . N N
5 1 s 1 1 1] -1 ] 12
6 ‘ 4 6 1 I 1 N
7 2 7 1 1 1| -1 138
8 6 9 ;o ] Ll o—1 ] s
9 8 1 1 o 1 i| 179
0| s 2 ] 1 1| e
N, 3 1 1 -1 1| 136
12 3 s | 1 11| e
13 1 5 1 B —b| -1 126
4| 4 6 1 ! R
15 2 7 | 1 1 o—1 | s |
16 6 g 1 1 1| -1 158
WA H 2P g 4 .

(1) H MINITAB £E Rl U5 4387 .




o ABHAN

T

Regression Analysis: y versus A, B

The regression equalion 18
y=151+18.2 A+8.69 B

Predictor Coef  SE Coef T P

(“onstant 151.063 2.734 55.25  0.000
A 18.187 2.734 6.65 0.000
B 8 .688 2.734 3.18 0.007

$=10.94 R-Sq=80.7%  R- Sqladj) =77.7%

Analysis of Variance

Source DF S8 M3 F P
Regression 2 6500.1 3250.1 27.17 0.000
Residual Error 13 1554 .8 119.6
Tack of Fit 1 410.1 410.1 4.30 0.060
Pure Error 12 1144.7 95 .4
Total 15 8054.9

Source DF Seq S5

A 1 5292.6

B 1 1207 .6

L nusual Observations

o :f' i
% :r:%‘ E:;E:f



FHE FLREESgaBl o

%mwm

Obs A ¥ Fit SE Fit Residual St Resid
7 1.00 138.00 160.56 4,74 -22.56 -2.20R

R denoles an ohservation with a large standardized residual

M L-BEul i, AR A.

y = 151 + 18.2 A + 8.69B

A RIS P O, BIVIEE A R-S9=80.7%.
R-Sqladj) =77.7%

S4BETFRARE

AR RIS T S TR . AR 7
IR REOS 27 = 128 W, W aERE R ol KLty
641K, mE323K, 161K, B 8K, A RBER, X
Xt A v FOAE BN (u) Ryl i, AT Har e E L. X
PAadE-FR R, AE T4 (Confounded) @)L,
#an A. B. C. DEANHFRSFHE-FRRR, X TR 2
B v B4 .

FENTREM: A, B, C, D;

CWRIEFEIREW . AR, BC, CD. DA;

KI5 . ABC, BCD, CDA

POYK IR T-H 0 . ABCD,

M vl H: EENR-FR M GBS KA =K A T4
B, MAT=ABCD, LUMNEHE. WRA A, B, C
EAGEE TR BRI, T= ABC, BRRAM I &8, £




o ZEBAA

EZEMN-FS KIETF AB, BC HIIEA. WHRE A, B, C.
D. E LA ¥, I=ABCDE, Frkin v & a#F, BEERT
TR, LKA R A A, BB ATIRSR. — R
B T IARR VST 4 FEE A VAL T

1. 3 EH MRFIEIT

THE A ER, FLEBNE (A, B, C. D) &4
RIE . HRSL 1)y al B H Fhdh — R IFEIE K, B A=AB. B
=AC, C=ABHIBEKEM B, 1= ABC HITHEI].

B 29: — 1~ 6Sigma 0T R BA A7 SCTE 372 G () S b AT
- 3BT (AL By C) WK E B T &A% 13
e HAAB 25 R 4 - 39 FioR

F4-30
¥ a 2 GO, 4 || 7] s
| | StdOvder |RunOrder| CenterPt| Blocks | A | B | C | ¥
1| 6 I I 1 alCi ] 1] s
2 11 2 I 1 -1 1] =1] 268 |
3| 3 i 1 1| 1| 1] 268
4 3 4 1 1 1] -1 1] 2%
5 8 5 1 1 N 1| 245
6 4 6 1 1 11| 1| 28
7 2 7 1 1 1| -1 ] -1 27
KR g ] 1 1 1] 1| 240
9 5 9 ] 1 | -1l 1| 238
10| 10 10 1 1 L] =1 ] 1] 234
i1 ' I 1 1 1. -1 1] 248 |
12 12 1 1 1] 1] -1l o
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Regression Analysis;: Y versus A, B, C

The regression equation is
Y=251-7.75A+9.75B-1.75C

Predictor Coef SE Coef T P

Constant 251.083  2.778 00.39  0.000
A =710 2,718 —-2.79 0.024
B 9.750 2.778 3.51 0.008
C —1.750 2.778 ~0.63 0.546

$=9.622 R-Sg=71.9%  R-Sq{adj)=61.4%

Analysiz of Variance

Source DF S8 MS F P
Regression 3 1898.25 632.75 6.83- 0.013
Residual Emor 8  740.67 92.58

Total 11 2638.92

The number of distinct predictor combinations equals the
number of parumeters. No degrees of freedom for lack of fi.
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Cannot do pure error test.

Source DF Seq 53
A 1 720.75
B 1 1140.75
C 1 36.75

Unusual Observations

Obs A Y Fit SE Fit Residual St Resid
6 1.00 269.00 251.33 5.56 17.67 2.25R

R denotes an observation with a large standardized residual.
No evidence of lack of fit (P>0.1)

Normplot of Residuals for Y

Residuals vs Fits for Y

Residuals Versus the Filed Values

{ response is Y)
93—
E
B
3
E . .
—E 0 - = T T
E .
o - .
-1 .
[ 1 | T
240 250 260 270

Fitted Yalue

B 4-59

e A
) -“"‘ﬁ{%

el Franz!
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MUL T Aol &, S A FE PR 0.013<0.05, 2K
F N B A,
(2) FEOG0 07 i 1 AT

Response Surface Regression: Y versus A, B, C

The following terms cannot be estimated and were remuoved
A+ B

A*C

B*C

The analysis was done nsing uncoded units.

Estimated Regression Coeflicients for Y

Term Coef SE Coef T P
Constant 251.083 2.778 90.395 0.000
A - 7.750 2.778 -2.790 0.024
B 9.750 2.778 3.510 0.008
C —1.750 2.778 - (.630 0.546

$5=9.622 R-%q=71.9% R - Sq(adj) =61.4%

Analysis of Variance lm Y

Source DF SeqSS AdjSS AdjMS F P
Regression 3 1898.25 1898.25 632.750 6.83 0.013
Linear 3 1898.25 1898.25 632.750 6.83 0.013
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Hesidual Enor 8 740.67 740.67 92 _583
Pure Frmor g T740.67 T40.67 92583
Trdal i1 2638.92

U'nasieal Observations for Y

{Hwervation ¥ Fit SE Fit  Hesidual 5t Hesid
6 269.000 251.313 5.555 17.667 2.5R

I devoles an observation wih a large stanebardized ressdual |

Frarein Chan of the Staredantized Fifeis
[respanse 46 Y, Alpha = 0.05)

e
n| e

MoERTE, FEETMERE RN, Hp, BETREN
ik, AEFERE, CEFREwR.

=r]
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2. IREANERIRT

PN AR, & EWM (AL B, C. D) AR
W, FROVEH W RN BT AR (AB. BC. CD. DA),
{H F=500 | g L5 Fh s = WOm W MR (ABC. BCD, CDA),
S TR T W AT BE LT ot IR S B RREHTIR . 1=
ABCD A v 8Kl

5130: - -4~ 6Sigma Wi H B BA A SO 72 RS, i
F—14HF (A B, C. D) BKESHE NN RMILEH
I KA EEs R & 4 - 40 B o

Fa-40
a | C3 ¢4 ||, 7] ] o
StdOrder | RunOrder; CenterPt Biocks| A | B | ¢ | D | Y
6 | 1 1 1 1 -1 1]-1] %
15 2 |1 [ Toel ] o] s
9 3 1 L | -1] 1] 1] -1| 67 |
5 4 1 Lo -1 1] 1] se
10 5 I 1 1l -1, —1| 1] 24
1 6 1 HEIEIEEES
8 7 I 1 b 1| 1) s
4 8 1 { 10 1| -1 =] 25
1 9 i | S T A T T T ¥
13 T 1 v - a0l T 1] se
6 | 12 I 1 11 1| 0| 47
7 13 1 1| -1 1] 1] -1
2 14 1 K IEIEIRE
12 15 ] 1 IR
3 16 1 | -1 1] -1 1] a6 |
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Factorial Design

Fractional Factorial Design

Factors: 4 Base Design; 4, 8  Resolution: IV
Runs: 16  Replicates: 2 Fraction: 1/2
Blocks: none Center pts (total} ; 0

Design Generators: D = ABC

Alias Structure

ARCD
BCD
ACD
ABD
+ ABC
AB + CD
AC + BD
AD + BC

+ 4+ o+ o+

|

A
B
C
D

Fractional Factorial Fit: Y versus A, B, C, D

Estimated Effects and Coefficients for Y { coded units)
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Term Effect Coet SE Coef T P

Constant 51.313 4.538 11.31 0.000
A -5.625 —2.813 4.538 -0.62 (}.553
B —12.625 -6.313 4.538 -1.39 0.202
C 8.125 4.063 4.538 0.90 0.397
D 11.125 5.563 4.538 1.23 (0.255
A B 29 .625 14.813 4.538 3.26 0.011
AxC —2.625 ~1.312 4.538 -0.20 0.780
A=D -5.625 - 2.813 4.538 ~0.62 0.553

Analysis of Variance for Y (coded units)

Source DF SeqSS AdjSS AljMS F P
Main Effectsp 4 1523.25 1523.25 380.8 1.16 0.398
2 - Way Interactions 3 3664.69 3664.69 1221.6 3.71 0.061
Residual Eror 8 2635.50 2635.50 329.4

Pure Error 8 2635.50 2635.50 329.4

Total 15 7823.44

Unusual Observations for Y

Obs Y Fit SE Fit Residual 5t Resid
8  25.0000 51.5000 12.8343 -26.5000 -2.06R
15 73.0000 51.5000 12.8343 26 . 5000 2.06R

R denotes an observation with a large standardized residual .
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Least Squares Means for Y

Mean SE Mean

A
-1 54.13 6.417
1 48.50 6.417

B
-1 57.63 6.417
| 45 .00 6.417

C
-1 47 .25 6.417
| 55.38 6.417

D
-1 45.75 6.417
1 56.88 6.417

A *B
-1 -1 75.25 9.075
1 -1 40.00 9.075
-1 1 33.00 9.075
1 1 57.00 9.5

A *C
-1 -1 48 .75 9.075
1 -1 45.75 9.075

-1 1 59.50 9.075




1 1 51.25
A =D
-1 -1 45.75
| 45.75
-1 1 62.50
1 1 51.25

Effects Pareto for Y

Alias Structure

I + AxB*xC=D
A+ BxCxD
B+ A*CxD
C+ AxB=D
D+ A*B*C
A*B + C+xD
AxC + BxD
AxD + Bx*C
(2YENE 50 Hr

ENE (o RdH Sl o

8075

9.075
9.075
$.075
9.075

Regression Analysis: Y versus A, B, C, D

The regression equation is

Y=531.3-2.81A-6.31B+4.00C + 5.56D
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Predictor Coef SE Coef T P

Constant 51.313 5.0R3 8.58 (. 000
A —2.813 5.983 -0.47 0.647
B ~6.313 5.983 -1.06 0.314
C 4.062 5.983 0.68 0.511
D 5.563 5.983 0.93 0.372
$=23.93 R-S8q=19.5% R -3Sqg{adj) =0.0%

Analysis of Variance

Source DF
Regression 4
Residual Error 11
Total 15
Source DF

A 1

B 1

C 1

D 1

Unusual Observations

Obs A Y

55 MS
1523.3 380.8
6300.2 572.7
7823.4

Seq S5
126.6
637.6
264.1
4951

Fiy SE Fit

15 1.00 78.00 32.56 13.38

F
(.66

Residual
45 .44

P
0.629

St Resid
2 _20R
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R denotes an observation with a large standardized residual.

Residuals vs Fits for Y

Hesiduals Versus the Fitted Values

{ respanse is Y}
30 —
L]
20 . .
i 16 .
E . -
K a4 - . »
= - -
- 10 *
20 L 2 L J
. .
T I T I T | I
30 40 50 i H Ell] 80 90
B 4 - 6]

MEA ERTRZ B ch g &, ok, i LEarm
RO, A EERGR R,

(3) HHvm [ BR #5397 -

Response Surface Regression: Y versus A, B, C, D

The following terms cannot be estimated and were removed
B C
BxD
C=D
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The analysis was done using uncoded units.

Estimated Regression Coefficients for Y

Term
Constant
A
B
C
D
A+*B
Ax
AxD

5=18.15 R

Analysis of Vari

Sauree
Regression
Linear
Interaction
Residual Error
Pure Ermor

Total

Coef SE Coef T
51.313 4.538 11.308
—-2.812 4.538 -0.620
-6.313 4.538 - 1.391
4.062 4,538 0.895
5.563 4.538 1.226
14.812 4.538 3.264
—1.312 4.538 -0.289
-2.812 4 538 -0.620
~Sq=66.3% R~ Sqladj) =36.
ance for Y
DF SeqSS  Adj S8 Adj MS
7 5187.94 5187.94 741.13
4 1523.25 1523.25 380.81
3 3664.69 3664.691221.56
8 2635.50 2635.50 329.44
8 2635.50 2635.50 329.44

15 7823 .44

0.000
0.553
0.202
0.397
0.255
0.011
0.780
0.553

8%

F P
2.25 0.136
1.16 0.398
3.71 0.061
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Unusual Observations for Y

Observation Y Fit  SE Fit Residual 51 Resid
8 25.000 51.500 12.834 -26.500 - 2.06R
15 78.000 51.500 12.834 26.500 2.06R

R denotes an chservation with a large standardized residual .

ML LT RIS HERIRIRE AR EFH . BIEGHERAK
AL, ZHEFH TS .

3. SHERER V RANRTT

SBEE R VR, BTN (AL B, C. D, E)
i 5 5L B PO IR A T3 W ( ABCD. BCDE. CDEA. DEAR,
EABC) #HIEMWE, A5 =kmay sl 42 HAEFHAREE, X
Mo — IR AC B R VT RE S TR AZ TLYERIAHIE S (AB=CDE,
BC=ADE, DE=ABC), (HE& B X HEMEHIRE. 1=
ARCDE & V 15T,

B 31: —~ 6Sigma T H ] BA A it FE = g M-S 184, MK
T—"5EF (A. B, C. D, E) FAFEAHIERNVREYRRK
wit. HmE R b

StdOrder | RunOvder| CenterPt | Blocks | A | B | ¢ | D | E
13 | 1 1 ~t| -1y 1) 1] 1t

12 30 | U 1l =11 1i-1] 4s
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(8 £

8 4 1 1 1 1 1| -1 -1 57
6 3 1 1 1} -1 1| -1 1| 67
3 6 1 1 -1 -1_ -1] =1 —l 75
2 7 ] 1 bl =t -—1 -1 =1 69_
15 8 1 l -—-l 1 1 1| -1 89
16 G ] 1 1 1 1 1 1| 46
T 1(}- i ] -1 1 1} =1 1| 86
10 11 | 1 1 | —1“—1 1 1 35
3 12 1 | 1 -1] -1 1| =1 =179
1 13 1 1 -1 =1 -1 =1 1| 76
4 14 1 1 1 1] -1 =1 1| 43
11 15 | 1 ,“-1 1p -1 1 1 ?3:
“14 16 i 1 “l_“—l Iy 1} -1 56

(1) M DOE A L4754 .
Factorial Design

Fractional Factorial Design

Factors: 5 Base Design: 5, 16 Resolution: V
Runs: 16 Replicates: 1 Fraction; 1/2
Blocks: none Center pts {total): O

Design Generators; E = ABCD

Alias Stmeture
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I + ABCDE
A + BCDE
B + ACDE
C + ABDE
D + ABCE
E + ABCD
AB + CDE
AC + BDE
AD + BCE
AE + BCD
BC + ADE
BD + ACE
BE + ACD
CD + ABE
CE + ABD
DE + ABC

Regression Analysis: Y versus A, B, C, D, E

The regression equalion is
Y=65.4-13.1A-1.12B+3.37C -3.63D - 3.38E

Predicior Coef SE Coef T P
Constant 65.375 2.008 31.1a 0.000
A - 13.125 2.098 -6.25 0.000

B -1.125  2.008 -0(.54 0.604
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C 3.375 2.098 1.61 0.139
D -3.625 2.098 ~-1.73 0.115
E -3.375 2,098 —1.61 0.139

S=38.393 R-5q=82.6% R-—Sq(adj) =73.9%

Analysis of Variance

Source DF SS MS F P
Regression 5 3351.25 670.25 9.51 0.001
Residual Emmor 10 704.50 70.45
Total 15 4055.75
Source DF Seq 5SS

A 1 2756.25

B 1 20.25

C 1 182.25

D 1 210.25

E 1 182.25

Alias Information for Terms in the Model .

Totally confounded terms were removed from the analysis.

A*B + C*Dx*E
A*¥C + BxD+*E
A*D + BxC*E
A*E + B*C+*D
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BxC + A*xD=xE
B#¥D + AxC#*E
B*xE + A*(CxD
C#D + A=B=*E
C*xE + AxB+*D

D¥E + A*BxC

¥ NOTE * Some of the terms requested in MEANS were
removed from the analysis.

Fractional Factorial Fit: Y versus A, B, C, D, E

Estimated Effects and Coefficients for Y {coded units)

Term Effect Coef
Constant 65.38
A —-26.25 -13.12
B -2.25 -1.12
C 6.75 3.37
D -7.25 -3.63
E -6.75 - 3.38
A*B - 6.75 - 3.38
AxC 1.75 0.87
AxD -6.25 -3.12
A*E -2.25 -1.13
B=C 3.75 1.87
B*xD 5.25 2.63
B* K 2.25 1.12
CxD 0.25 0.12
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S

C*E 3.75 1.87
D= E -4.75 -2.38

Analysis of Variance for Y (coded units)

Source DF SeqS8 AdjS8 AdMS F P

Main Effects 5 3351.2 3351.2 670.25 = *
2 — Way Interactions 10 704.5  704.5 70.45 * *

Residual Emor 0 0.0 0.0 0.00

Total 15 4055.7

Least Squares Means for Y

Mean
A
-1 78.50
1 52.25
B
-1 66 .50
1 64,25
C
-1 62.00
1 68.75
D




E

-1

1

A =B
-1 -1
1 -1

-1 1
1 1

A =(
-1 -1
I -1

-1 1
I 1

A*D
-1 -1
1 -1

-1 1
1 1

A xE
-1 -1
1 -1

-11

|

B *C
-1 -1

61.75

68.75
62.00

76.25
56.75
80.75
47.75

76.00
48.00
81.00
56.50

72.00
59.00
78.00
45.50

80.75
56.75
760.25
47.775

65.00




1 -1 59.00
-1 1 68.00
1 1 69.50
B %D

-1 -1 72.75
1 -1 65.25
-1 1 60.25
1 1 63.25
B *E

-1 -1 71.00
1 -1 66.50
-1 1 62.00
I 1 62.00
C *1

-1 =1 65.75
1 -1 72.25
-1 1 38.25
1 1 65.25
C *E

-1 -1 67.25
1 -1 70.25
-1 1 56.75
I 1 67.25
D *E

-1 -1 70.00

1 -1 67.50
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P 56.00

Effects Pareto for Y
Alias Structure

Il + AxB*C*Dx*E
A+ B*xC*DxE
B+ A#xC*DxE
C+ A#B»DxE
D+ A*xBx(C#=E
+ A*Bx{*D
CxD=E
BxD=xE
Bx C#*E
BxCx*D
AxD=*E
A*C+E
A*xC=D
A*xB*E
A*B*D
Ax»B=(

X
A*xB
AxC
A#=D
AxE
B*C
B * D
B+ E
CxD
C=E
D*E

+ + + + +

+ + + o+ 4

# NOTE % Cannot perdorm the Normal Score plot with MSE = 0.




Residuals vs Fits for Y

Executing from file: C: \ Program Files \ MTBWIN \
MACROS \ FFMain. MAC

Macro is ruinning ., . please wait
Main Effects for Y

Executing from file: C: \ Program Files \ MTBWIN \
MACROS \ FFInt. MAC

Macro is running . . . please wait

Interaction Plot for Y

Main Effects Plot { data means)for Y

1 -1
| |

75
70
Y 65
60 —
55 -
A
H4-62
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Kesiduals Versus the Fitted Values
{ response is Y )

0.5 —

o - SEE _SEEEEEINEEE . vy v " FEBEE W W

-0.5

Fined Value
BH 4 - 65

M ST A, A HFREEFERZWIZ S R ERENE
EHE,
(2) Fu ri gl mn a4 .

Response Surface Regression: Y versus A, B, C, D, E

The following terms cannot be estimated and were removed.
AxA

B+ B

C*C

D* D

fix E

The analysis was done using uncoded units.
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Estimated Regression Coefficients for Y

Term Coef SE Coef T P
Constant  65.38 2.008 31.155 0.000
A —13.12 2.098 -6.255 0.000
B -1.13 2.098 -0.536 0.604
C 3.38 2.098 1.608 0.139
D -3.62 2.008  -1.728 0.115
E -3.37 2.008 -1.608 0.139

$=8.393 R-Sq =82.6%  R-Sqladj) =73.9%

Analysis of Variance for Y

Source DF Seq S8 AdjSS AdjMS F P
Regression 5 3351.25 3351.25 670.250 9.51 0.00l
Linear 5 3351.25 3351.25 670.250 9.51 0.00
Residual Error 10 704.50 704.50  70.450

Total 15 4055.75

Response Surface Repression: Y versus A, B, C, D, E

The following terms cannot be estimated and were removed
AxA

MOEATHL A 7B EEERZ e MENTEERNE.
O EIf.
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Response Optimization

Parameters

Goal  Lower Target Upper Weight Import
Y Target 80 90 100 1 1
Global Solution
A= -1
B=1
C=1
D=1
F=-1
Predicted Responses
Y = 89.5, desirability =0.95
Composite Desirability = 0. 95000
Optimal 1y A B L} D E
D 1.0 1.0 1.0 1.0 1.0
Carl [_1.01f 16l | 1100 | 1101 {1 -1.0)
0950 1 | _yo | 1.0 | =10 | =10 ] 1.0
Targ: 90.0
¥ = B9, 50
d = 0. 95000

R
..% ,bn'ﬁ"f..'
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A= -1

B=1

C=1

D=1

E= -1

MfRAGRBIHPE Y =89, 5%,

© I\ R gh iR it

Wl o7 1 T SR BT 0 5 T A R P BR 06 &R e g A

Hn;{fKIﬁ, ¥=da,+ &% + axxa + a”x? + anxg + A% %2 + error,
1. FOLE ST (COD)

HOE SRR FEEM K TR e -, 58—
MR (ST I—2AKE), AW DR s s g
I IR R R,

B 32. —A 6Sigma T F H A B & 7 RSB 8, #
V=3 HT (A, B, O i fimileeitit, Lt %
Q4 - 2807,

7 4-42
Stdorder | RimOrder | Blocks A B C Y
15 - 1 1 0.000000 0.000000 0.00000| 26
B 10 2 | ] 1.68179) 0.00000{ 0.00000 45__
13 3 1 0.00000] O, 00000 —1,681?9| 35
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(B 4£)

18 4 | 0.000000 0.00000 0.00000] 18

B 14 5 G.0000G 000000 1.68179 5:

T 6 1.00000(~ 1.000000  0.00000] 49

BE 7 - 1.00000 1.00000 ~1.00000| 37 |

6 g 1.00000 - 1.00000  1.00000 | 23 |

1 9 ~ 1.00000| - 1.00000) ~ .00000] 13

E 10 ~1.00000 1.00000, 1.00000] 89

12 1 0. 168179 0.00000| 78

20 2 n.m 0.00000  0.00000| 49

8 13 1.000000 1.00000 1.00000] 76

5 14 - 1.00000 - 1.00000{ 1.00000 | 16

19 15 0000000 0.00000 0.00000 | 32

2 16 1.0000) — 1.00000 — 1.00000| 78

4 (7 1,00000] 1.00000] — 1.00000] 79

9 18 - 1.68179 0.000000 ©.00000 | 45

16 19 0.68179 0.000000 0.00000| 34 |

17 20 0.00000 0.00000 ©0.00000| 38
X ER A, RET T

(U M 7 T AL BG 263 1 DOE AU,

Response Surface Regression: Y versus A, B, C

The analysis was done using unceded units.

Estimaled Regression Coefficients for Y




Term Coef
Constant  46.05
A 7.03
B 14.26
0 2.00
A*B -4.75
Ax(C -13.50
B=C 13.25

SE Coef
3.647
4.414
4.414
4.414
5.767
5.767
5.767

T

12.626
1.593
3.231
(0.453
—0.824
-2.341
2.298

FoE fHLERESmaRE o

P
0.000
0.135
0.007
(J.658
0.425
0.036
0.039

S=16.31 R-Sq = 65.4%R-5q(adj) = 49.5%

Analysis of Variance for Y

Source DF SeqSS AdjSS AdjMS F

Regression 6 6550.3 6550.3 1091.7 4.10 0.016
Linear 3 3507.3 3507.3 1169.1 4.39 0.024
Interaction 3 3043.0 3043.0 1014.3 3.81 0.037
Residual Emor 13 3458.7 3458.7 266.1
Lack —of — Fit & 2001.8 2001.8 362.7 3.26 0.105
Pure Error 5 556.8 55.8 111.4
Total 19 10008 .9

Residuals vs Fits for Y

P
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Residuals Versus the Fitted Values
{ responsee is Y)

30 - .
20 -
-
'3 | -
'.'.E 10 . . . - .
R .
» L
- 10 .
. .
- 20 .
- ) — -
| T [ T T f
X0 30 40 S0 4] 70

Fitted Velue

B 4-67

MEATE, R RO FREN: Y=46.05+7.03A +
14.26B + 2C - 4.75AB - 13. 50AC + 13. 25BC. {BRIHEH AR
0.654, [EIIHFFHIES ARG, TEEIFER, LHAREN,

=T AR
Y =46.05 + 14.26B - 13.50AC + 13.25BC,
(2 )48 5 g iz B TR ¢
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L A

Surdace Plot of Y

Hold values: C:0.0

B 4- 68

Cotrensr Plot of ¥

L N
e - e T .
| - R . . — .~
™. N - O
~, .
’ i"-"llﬂ
B 0 e
-1
T T I
-1 ] !
A

Hold values: C: 0.0
B 4-69




L REEBEAL

) LfEiRit:

Response Optimization

Parameters

Goal  Lower Target Upper Weight
Y Target 80 %0 100 |

(Globhal Solution

A= -1.67173
B =1.61053
C =0.99303

Predicted Responses

Y =90.0000, desirability = 1.00000
Composite Desirability = 100000

T Al A AR o80T B S bnd, B
A= -1.67173

B =1.61053

C=0.99303

AILAREIATR Y =90%




FBEE M4 REE 6Signa A

Optimal 1y A B C
D 1.6K18 1.6818 1.6818
Corl [ | 67171 [1.6105] [0.9930]
0.9300 (o | _) 6818 - 1.6818 ~1.6818

¥ /
L
Targ: 90.0 [] B R L]
y=90.0 \—/

d=1. XN

B 4-70

2 . Box — Behnken 1&1T

Box — Behnken #i1[& & FAEEM X R AR EHEE, PO
HOWilF &4, BA Box — Behnken 3% 3T S E2HPMA | —
e LG & FEARIG AN ) o, RO B T A R g, TR
Wit H %4, ik 4a-71 i

RO

o
ﬁ BHIA] =

LAl

T

B 4-71




o AEEBAL

1% 33 -1~ 6Sigma W1 H H BA A 42 B 4L 17 S e G Eg,
Wy D 3EFAB.ORWNEmRARIZ . KRAisas 2
F4-43 iR

FTa4-43
C1 2 C3 4 C6 C4
StdOrder | RunOrder | Blocks | A B | C ¥
13 P 1 0 i 0 45
3 2 1 -1 1 66
T 3 L 1 r 50
15 a 0 39
'1 5 1 10— 25 |
9 6 I o | -1 | -1 ] es
12 7 i 0 i (| s |
14 8 1 0 0 0 | 36
2 9 N 1 1 0 | 86
10 10 1 0 1l -1 78
7 " Ny 1 0 1| 40
6 12 1 I 0 | -1 89
4 13 1 1 1 0 90
5 14 i -1 0 | -1 30
3 15 1 1 0 1. 87
L H MINITAB #7404 -

(1) M o 5 I 3G BT DOE AL THEF 74397
Box - Behnken Design

Box — Behnken Desipgn

BYCE

S



Factors: 3 Blocks: none

Runs: 15 Center points: 3
Response Surface Regression: Y versus A, B, C

The analysis was done using coded units.

Estimated Regression Coefficients for Y

Term Coef SE. Coef T P
Constant 58 . 867 3.950 14.903 0.000
A 23.875 5.409 4.414 0.002
B 7.625 5.400 1.410 0.196
C - 4.,000 5.409 —0.740 0.481
A*xB - 8.750 7.649 -1.144 0.286
AxC - 3.000 7.649 -0.392 0.705
B*C —1.000 7.649 ~0.131 0.899

$=15.30 R—-Sq=74.6% R-Sqladj)=55.6%

Analysis of Varance for Y

Source  DF  5Seq 55 AdjSS  Adj MS F P
Regression 6 5499 .50 5499.50 916.58 3.92 0.040
Linear 3 5153.25 5153.25 1TV7.75 7.34 0.011
Interaction 3 346.25 346.25 115.42 0.49 0.697
Residual Error 8 1872.23 1872.23 234.03
lack —of - Fit 6 1830.23 1830.23 305.04 14.53 0.066




Pure Exrror 2 42, () 42 .00 21.00
Total 14 7371.73

Observation Y Fit SE Fit Residual St Resid
1 45.000 58.867 3.950 -13.867 -0.94
2 65.000 51.367 11.516 13.633 1.35
3 50.000 48.242 11.516 1.758 0.17
4 39.000 58.867 3.950 —19.867 -1.34
5 25.000 18.617 11.516 6.383 0.63
6 68.000 54.242 11.516 13.758 1.37
7 56.000 61.492 11.516 -5.492 -0.33
8 36.000 58.867 3.950 -22.867 -1.35
9 85.000 83.867 11.516 1.133 0.11
10 78.000 71.492 11.516 6.508 0.65
11 40000 33.992 11.516 6 .008 0.60
12 89.000 89.742 11.516 -0.742 -0.07
13 90.000 B81.617 11.516 8.383 0.83
i4 30.000 35.992 11.516 -5.992 -0.59
15 R7.000 75.742 11.516 11.258 1.12

Estimated Regression Coefficients for Y using data in uncoded

units .

Term Coef
{Constant 58 .8667
A 23 .8750




BEF (GLAKESeusY o

B 7.62500
C — 4.00000
A*B - 8.75000
AxC - 3.00000
Bx=C —- 1.00000

Residuals vs Fits for Y

Residuais Versus the Fitted Values

{response is Y)
L
10 -
L
- [ ]
C§ O 1 . . -
&
L
- 10 "I - -
T T i T I T i i
3N 40 50 ol 70 20 o 100
Fitted Yalue
B4-72

M EATRL, RIS BT E T A

Y =58.867 +23.875A + 7.625B — 4C - 8.75AB — 3AC — BG.,

BEIBRIHE 0.746, HILFH T RS AR, X
AT RS

(2) A, B, CHFEHIR,
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Response Surface Repression: Y versus A, B, C
The analysis was done using coded units.

Estimated Regression Coeflicients for Y

Term Coef SE Coef T P
Constant 40,000 5.94 6.775 0.000
A 23.875 3.615 6.604 0.000
B 7.625 3.615 2.109 0.068
C —4.000 3.615 -1.106 G.301

Ax A 12.375 5.322 2.325 0.049
B* R 13.875 5.322 2.607 0.031
C*xC 9.125 5.322 1.715 0.125

$=10.23 R-Sq=988.7%  R-Sqladj) =80.1%

Analysis of Variance for Y

Source DF Seq S5 AdjSS AdjMS F P
Regression 6 6535.23 6535.23 1089.21 10.42 0.002
Linear 3 5153.25 5153.25 1717.75 16.43 0.001
Square 3 1381.98 1381.98 460.66 4.41 0.042
Residual Error 8 836.50  836.50 104.56
lack —of -Fit6 794.50 794.50 132.42 6.31 0.143
Pure Error 2 42.00  42.00 21.00
Total 14 7371.73
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Observation Y Fit SE Fit Residual St Resid
1 45.000 40.000 5.94 5.000 0.60

2 65.000 50.000 7.231 15.000 2.0VR
3 50.000 51.375 7.231 -1.375 -0.19
4 39.000 40000 5.904 -1.000 -0.12
5 25,000 34,750 7.231 -9.750 -1.35
6 68 000 59.375 7.231 B.625 1.19
7 56.000 66.625 7.231 -10.625 -1.47
8 36.000 40.000 5.904 -4.000 -0.48
9 85.000 82.500 7.231 2.500 0.35
10 78.000  74.625 7.231 3.375 0.47
11 40.000 33.625 7.231 6.375 (.88
12 89.000 89.375 7.231 -0.375 -0.05
13 90.000 97,750 7.231 -7.750 -1.07
14 30,000 4p.625 7.231 -11.625 -1.61
15 g7.000 81.375 7.231 5.625 0.78

R denotes an observation with a large standardized residual .

Estimated Regression Coefficients for Y using dala in uncoded

units .
Term Coef
Constant 40.0000
A 23.8750
B 7.62500
C — 4.,00000
AxA 12.3750

1 ]
L R



B* B 13 .8750
C*C 9. 12500

Residuals vs Fits for Y

Residuals Versus the Fitted Values

(response is Y )
[ ] ]
(L -
[ ] L ]
. .
[ ]
F o0 o e e e *
=
E - »
- 10—+
L ]
-2 ]
-
T I [ I | | [ I
20 30 40 50 60 70 &0 o0
Fitted Value
E4-73

MEL BT, R s EE AR R

Y =40 + 23, 875A + 7. 625B - 4C + 12.375A * A +
13.875B* B+9.125C = C, FIIS A ¥k 0.887, MIH BRI A&
£ 8

(3 )i v il T L



Hold valuess C:0.0

RSCantour C7

FHUE LREKSE Sigma B 1~

Surface Plot of Y

B 4-74

Contour Plot of Y
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Hold values; C=0.0
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G REBANT
Response Optimization

Parameters

Goal Lower Target Upper Weight Import
Y  Target 90 95 100 1 1

Global Solution
A =0.86545
B=0.90211
C= -0.67748

Predicted Responses

Y =95, destrability = 1.00000
Composite Desirabihty = 1.00000

Response Optimization

Optimal A B C
D 1.0 1.0 1.0
Cur
[0.8655] l0.9021] [ - 0.6775]
09300 15| _49 —1.0 -1.9
Y \_/ Mo
Targ: 9.0
y=95.0
d = 1.0000
B 4-76

M, AT B T A R
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‘ A =0.86545
B=0.90211
C= -0.67748
‘ ATLGAEN HHRE Y = 95%.

@R ¥t 18 i it
HliR. BEAHZFBR. PAarRITE.0P (Simplex Centroid), B

20 JE ¥ 55, 1% (Simplex Lattice } F 8% 35 W& iR 1 8 (Extreme
Vertices Design), NJ %/ MINTTAB DOE %1t )7 i1 i@,

‘ ERHARA TR & P b 6 R 5 B2 9 6 35

‘ 1. M EE D
R A A BT B R B — S L BT
2, BAITIAR Sk

PN RS L A R T RS Ui, BT AR AR
iNLOREN: 42 o 7 i1 |23 DS

di=1 df = 2 el = 3'
PRI —H L SE TR




L EEBANT

3. BwMKIRIT

Bim RO REEEAHET, f-EXANAEK
i, BRENZRAERARNREAFAEN. TEHEZMITNR=

B A8 o T e B ek B T R

B4-78

Bl34: FALG®E A, B, ¢ SFIUBLAR, MRS
BYIRPPEEGE, B T —IERHARRIT, HiRRds Rk

4 - 44 7w
F4-44
Cl o) G| o oS o3 |] 7 Ce i Cin
o i o % | 3 | ¢ ot et | o
3 1 1 | 1 |0.6667 [0.16667|0.1667 | 156 [152.096| 3.9040
s 2 1] ﬂ.(mom.ﬂmmr;].mm 137 [133.997]  3.0025
o | 3 | -1 U‘:l-ﬁﬁﬁ? -::r,iﬁﬁﬁ? 0.66667) 145 153.369-"—_8_.368;—1
4 4 2 1105000010, 500000, 000001 126 [137.641 11.6414
—_5 5 2| 1 u.mn:t;.mu:n 0.50000 169 ]‘?8.64]“-9.64I4-1_
1 6 | 1| 1 lnmﬂgk}mnm 129 |128.088| 0.9116




(%4)
¥ 0 0.33333:0.33333(0.33333| 178 [151.230 2!;:.-'—5([1
8 -1 0.16667|0.66667 (0. 16667 134 |136.369| - 2.3687
9 1 0.00000]0.00000(1.000001 149 (143,997 5.0025
10 2 0_00000|0. 50000050000, 118 (125 551| —7.5505

A i MINITAB #9750 o

(1) A MINITAB IRBHAR B A AT ST

Simplex Centroid Design

Components: 3 Design points: 10
Process variables; (0
Mixture total: 1

Number of Boundaries for Each Dimension

Design degree: 3

Point Type 1 2 0
Dimension 0 1 2
Nurnber 3 3 1

Number of Design Points for Each Type

Point Type 1 2 ] 0 -1
Distinct 3 3 0 | 3
Replicates 1 1 0 1




o KEEBANL

e

Total Number 3 3 0 1 3

Bounds of Mixture Components

Amount Proportion Pseudocomponent

Comp Lower Upper Lower Upper Lower Upper
A 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
B 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
C  0.0000 1.0000 0.0000 1.0000 0.0000 1.0000

Regression for Mixtures: performece versus A, B, C

Fstimated Regression Coefficients for performee { compenent

pmportiuns)

Term Coef SE Coef T P VIF
A 128 .09 16.19 % * 1.964
B 134 .00 16.19 * * 1.964
. 144 .00 16. 19 * * 1.964

AxB 26.39 74 .60 0.35 0.741 1.982

AxC 170.39 74 .60 2.28 0.084 1.982

B+« -=-33.79 74,60 —0.72 0.511 1.982

S=16.784 PRESS = 12665

R-Sq=66.11% R-Sq(pred) =0.00% R - Sq(adj) =
23.75%

%um ;
Tl e
TR e e
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PR AT

Analysis of Variance for performce (component proportions)

Source DF Seq S8 AdjSS AJMS F P

Regression 5 2198.09 2198.09 439.618 1.56 0.344
Linear 2 543,00 142.27 71.136 0.25 0.788
Quadratic 3 1655.09 1655.09 551.696 1.96 0.262

Residual Error 4 1126.81 1126.81 281.703

Total 9 3324.90

Residuals vs Fits for performc

Residuals Versus the Fitted Values

{ response is performe )

30 o
204
3
E 10-
5]
[ [ |
- ] | ]
0 s
- L ]
- 10 ]
T I I . I | I T
120 130 144} 130 160 174} 180

Fitted Value
479
MUEL BT 0, B T S RN R AT, B ) R 24

BHAT 5t
Regression for Mixtures; performee versus A, B, C
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The following terms cannot be estimated and were removed:
B Cx(-)
A*B*RB*C
AxB=(C=(
AxBx*(-)2
AxCx(-)2
B#Cx*{-)2

Estimated Regression Coefficients for performce ({ component

proportions )

Term Coef SE Coef T P VIF
A 127.9  16.27 * * 2.101
B 135.9 16.27 * * 2.101
C 147.9  16.27 * * 2.101
A*B -32.6 79.79 -0.41 0.753 2.400
Ax(C 115.4 79.79 1.45 0.385 2.400
Bx*C -104.6 79.79 -1.31 0.415 2.400
A*B*x(-) ~146.2 279.04 -0.52 0.693 1.806
AxCx{-) -14.2 279.04 -0.05 0.968 1.806
AxAx»B»C 2668.2 1570.03 1.70 0.339 3.000
==16.313 PRESS = 208778

R-Sq=92.00% R-Sq(pred) =0.00% R - Sq(adj) =
27 .96%



Analysis of Variance for performee { component proportions)

Source DF Seq35 AdjSS AGMS F P

Regression 8 3058.78 3058.78 382.347 1.44 0.572
Linear 2 543.00 202.67 101.333 0.38 0.753
Quadratic 3 1655.09 1263.08 421.026 1.58 0.515
Full Cubic 2 R.06  90.06 45.030 0.17 0.864
Spectal Quart | 768.63 768.63 768.627 2.89 0.339

Residual Firor 1 266.12 266.12 266.123

Total 9 3324.90

Unusual Observations for performce

Observation performe Fit SE Fit  Residual 51 Resid

2 137.000 135.858 16.273 1.142 1.00X
6 129.000 127.858 16.273 1.142 1.00X
9 149,000 147.858 16.273 1.142 1.00 X

X denotes an observalion whose X value gives it large influence.

Residuals vs Fits for performc

ML LRl M BEA M A, 8 = 16.312, B I3 E L 0.92,
S H R P i BRI A R ERM
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Residuals Versus the Fited Values§

{ response is performe)

10 u
u
5-—
E n n i . i =
-
-
[ | | ]

I [ [ r T T T

110 120 130 140 150 160 170

Fined Valuc
B 4- 80
(2) WAL 5T,

Cox Respotse Trace Poll

1807
170

1507
140

Fitted performe

132

120

110--
T T T
-0.5 0.0 0.5

devlation from reference blend in proportion

4- 81
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Mixture Surface Plot of performe
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B 4-82

MTFEZHTTHE, A. BHZE, CHI1, Pedomee I,
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Mixture Contour Yot of performe

(3) itbixit.

B B AR{E Y Maximize, BX Lower 24 170, I Target 24 190,

H Upper A7%2, #7710 1LAVT




FWE HLEZELcSigmaBE

Parameters
Import Goal Lower  Target  Upper  Weight
performce  Maximum 170 190 190 1

Global Solution

Components

[ = =
1l Il
k. ] o

il

Predicted Responses

performee = 175.404, desirability = (0.27319

Composite Desirability = 0.27319




[Op[irnal Hi [1a [IB [l
D 1.0 1.0 1.0
0.27319 o 0.0 o0 o
prertome: . ] B TR p— i
Maximum
¥ = 1754638
d=0.27319
B 4-84

MUL Eef s, A, BAHE, C R 1K, Pedomee FE K,
{4 4 175.464,

@ H 0Lt
B E BRI HHR A TR P B M B R

A2 A¥iEiE. 3 K. 4 KRR, 5 ABETFRITRS K
R i s
1. 3 FHE ORI
3 ACGE LR B 2T 2 B 13 A FRIAS i
a5, HERET A, B, C “PMHEFE=DKEHEZ W,

H&wh Y, Y2, MBHEHTT 7T —WHB#HERERIT, K
BREAT RN 4 - 45 Pk




FEE CLARUESmaRE

Fa4-45
2|loalul ol e (7 C8 9
B C -ﬂ-# Y2 | SNRA1 | SIDFE1 | MEANI
BEEERE: 20.2369 | 15.553 | 34.0
2 2 | 56 | 14 25 6606 | 29.6985 | 35.0
3 3| 78| 37 13.499 , 28.9914 | 57.5
1 > | | 78 32.8844 | 31.1127 | 56.0
R | 243197 | 20487 2905
3 1| s | se 36.5256  23.3345 | 72.5
1 3| 58 | 43 33.7774 | 10.6066 | 50.5
2 I 79 | 89 | 38.4394 | 7.0711 84.0
3 2 | 36 -| ( 33.1172 | 24.0416 | 53.0

] MINITAB 4387 2 R F B 3% 1,
{1} M DOE - Ta.guuhi AT 34754 .
Taguchi Design

Taguchi Orthogonal Array Design

19 (3= *3)

Factors: 3

Runs: 9
Columns of 19 (3 % *4) Array

1 2 3




N=BAL 3 SIS

Main Effects for S/N Ratios: Y1 - Y2

Main Effects Plot for 3N Ratios

A B C
34 .8+
33.6 -
=2
é 32.4-
< _
oy
31,2+
30.0 4
| T T | [ ] T 1 1
1 2 3 1 2 3 1 2 3
B4-85

Main Effects for Means: Y1 - Y2

Main Effects Piot for Means

A B C




BEF (LEEESEm¥D o

Main Effects for StDevs: Y1 - Y2

Main Efects Plol [or Slandand Deviations

A

B

St Dev

Response Table for Signal to Noise Ratios

Larger is better

Level
1
2
3
Delta
Rank

MEBKAESH A, A BFREmEA, BHEFEmEK

B 487

A
204665
31.2432
35.1113

5.0449
1

B
31.9662
29.4762
34.3785

4.9023
2

C
34.7339
30.5571
30.5300

4.2040
3




Z, CIHTEmi/.,
Response Table for Means

[evel A B (.

] 42 . 1667 468333 63 .5000
2 52.6667 49, 5000 48 .0000
3 62 . 5000 61 .0000 45.8333
Delia 203333 14. 1667 17.6667
Rank 1 3 2

MERE B4l 30, A [RFemis A, ¢ R T2 mak 2, B
(K] 520 e /)

Response Table for Standard Deviations

Level A B C
l 24 7487 19.0919 15.3206
2 26.3987 20.5061 28.2843
3 13.9064 25 . 4358 21 .4489
Delta 12.4922 6.3640 12.9636
Rank 2 3 |

MERER A BRI, CE-FREWERA, A W7 2K
<, BETFEWER.

N

1

ﬁi" P
e
i negi i
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2. BEXKFRERT

HA K AR P T ) K e B o

#36: Eit#EZ A, B, C. DMWIMHEAR -TEFHETH
W, A R KOF, C. DIFFRBWAAN, BrAET
A AR, HEidd Y, Y2, WTAGHETT T — B O s)&
AR, Hillesgi R and 4 - 46 B,

Fa-46

C1 2 3 o4 s 6 c

A B C D | Signal | V1 Yz |

3 . 2 N 5 37 29
B 2 0 1 2 | 47 47 |

3 2 ! 2 2 a1 s

3 2 i 2 3 49 57

E 2 1 2 4 s& | 35

3 2 1 2 5 29 47
4 | 2 2 ! 28 58
[ 4 1 2 2 2 34 46

4 I 2 2 3 T
g 1 2 2 4 7 3

4 I 2 2 5 39 47

a | 1 x| 2 j R | 27

4 ] 2 2 2 26 12

N 2 2 3 43 25

4 i 2 2 4 23 37
4 1 2 2 5 g | 4




L BEREN

(&)
[ 4 1 2 2 1 74 19
4 1 2 2 2 7% 56
4 1 2 2 3 S8 78
4 | 2 2 4 48 38
4 1 2 2 5 67 37
I 2 2 ! 36 48

i MINITAB 3454347 .
()M DODE - Taguchi A LI#E174047,

Taguchi Design
Taguchi Orthogonal Array Design
Li6(4 * =1 2% *3)

Factors: 4

Runs: 16

Signal : Signal

Columns of L16{4 * * 1 2% *12) Amay

I 2 3 4

FExecuting from file: C: \ Program Files \ MTBWIN \ MACROS

\ ROBUST. MAC

* % Note * * Na interaction plots will he drawn due to

confounding .
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Main Effects for /N Ratios; y! - y2

Main Effects Plot for 3/N Ratos

A B C D
— 12
17
=
2 ol
<
o
— X
- 3F
[ | T T | 1 1 ] T ] ]
1 23 4 1 2 1 21 2
H 4-88

Main Effects for Slopes: yi - y2

Main Effects Plot for Slopes
A B C I3
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P

Response Table for Signal to Noise Ratios

Dynamic Response
Level A B C D
[ —31.1884 -13.3433 -24.0085 -20.7134
2 -16.9777 -=-32.1670 -21.4118 —24.7968
3 - 30.6776
4 - 12. 1768
Delta i9.116 18.8237 2.6867 4.08348
Rank | 2 4 3

MULFAHFa 1, AN FREWE A, B. DHTHBIKZ,
C FF#Ewih.

Response Table for Slopes

Level A B C D

1 —0.6375 4.9250 1.80625 - (.0875
2 5.3250 —1.1125 2.00625 3. 9000
3 2.3125

4 0.6250

Delta 5.9625 6.0375 0.20000 3.9875
Rank 2 1 4 3

M LA Slopes AAFTRI AL B K300 X, AD N £ BIRIK
2 CIH FEmREN
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Response Table for Standard Deviations

Level A B C D
1 21. 7946  17. 7073 18. 1884 19. 2721
2 20. 4357  19. 5659 19. 0848 18. 0011
3 16. 3556

4 15. 9605

Delta 5. 8340 1. 8586 0. 8963 1, 2109
Rank i 2 4 3

M EARiEREIHTH, AR TREEEA, B. DIRFE
ML, CRK-F R,

(2) T BN

H| FH MINITAB 43 ¥7 ) &z 8 /K - S/N FEAKSE A4, Bl. (2.
D1 B & IR 7k

Predicted values
5/N Ratio Sthey Log{ Stlev )
— 6.83280 29.9844 3.40057

Factor levels for predictions

A B C D

1 | 1 1

M a1, B2k P 4 A1, Bl. C1. DI,




N=BRAL LS A

BHEY H42R 6SigmadBHl (C)

Bl C (Control) BFERMI, Bt BrB R L, AL
AEE T, BEEEALRER B I{TRFNFNCE
AR, AR R NREE, XEEWHBRTEEE IER
(RIfE] R

& 1E il X 4> o AR 7] 18 Fo 32 5l 3]

TE 6Sigma AR FIrf, B IF 8 X 43450 A 0] BB A0 95 61 1] B
MR AR, BN EEIFRERITR; MBRREH
[Offd, BIEBEHE A EIREFEO, T EEH RN EMES
(R X 43 &

Zoite = Zst — Zpy

s A

Poor

2.0

= P

1.5

A
4.5 i

Poor = > Cood

M 4-90
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e T T e e e e e g g et g

WFRTHEEE A XM, Zgo>1.5, Zeor<d.5, MBESA
HARME, AEHIEE, WEEMIE AR, #aMH
BRHE S, HEMUUEHNE, 7R ab s,

R H B BEELE B XB), Zgg> 1.5, Zgr>4.5, MFEAR
MR, BEEAERGE, N RRrEG TR, IR
R, BEEERES.

MR RBAEAE C KB, Zo<1.5, Zg>4.5, MEAR
MR ek, EREHWTLL, BaEmmid s, By ikaR
R RERR, FXMHERT, —EEM/MR SMIE _L{F
#ELE, PR TR ML, REUE T Z R, M
KA 8,

MR E RAE D KE), Zu,<1.5, Zg<4.5, WHE
BB FRR, RS T BRI S diE, #Aid R4 g
71, B3 ERAER .

M ERIRTLLE W, MEEAFREZEIH A~B>D—~C, B
SRR E AR, A RRD P il ) A BB R A AT
T, FEERKEZEEH.

.

SEREHIBREERE

PR Rl 38 MRS R 7R 1924 SE i SR H Sk By, A
Ar—YHE T ER N RS AR’ B0 E
RAFRNEHIERNBESE (BRI, 1 asEn
A HFEHE WSS (REES)). FEEIITHARKFEN
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