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Wﬁﬂ’liﬂﬂﬁﬁ]ﬂﬂ')'lull‘ll\?f’?l}'lﬂﬁ% Vickers Micro Hardness EU’E'NGISH\NH‘V]ﬂﬁ@ﬂﬁﬁﬁ?umﬁﬁ\l@%‘]ﬂ

uanaluaisnad 4.1
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M15199 4.1 Wﬁﬂﬁﬂﬂﬁ@ﬂﬂ’ﬂmwﬂﬁ’w% Vickers Micro Hardness UDNFUITUNAT DU

Run Sn Cu Sb HV
1 92.00 0.00 8.00 20.03
2 97.00 3.00 0.00 16.67
3 98.50 1.50 0.00 15.67
4 97.00 3.00 0.00 16.73
5 100.00 0.00 0.00 9.83
6 89.00 3.00 8.00 24.43
7 92.00 0.00 8.00 20.13
8 90.50 1.50 8.00 26.63
9 97.33 0.00 2.67 16.27
10 94.50 1.50 4.00 21.97
11 93.00 3.00 4.00 21.23
12 93.00 3.00 4.00 21.57
13 92.50 1.50 6.00 17.5
14 89.00 3.00 8.00 242
15 95.75 2.25 2.00 23.93
16 100.00 0.00 0.00 9.9
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1. Sequential Model Sum of Squares

(X v

A ° Ao A A A A 9 1o
%Zl'ﬁ@ﬂllﬂﬂﬁ]Wﬁ@QﬂMﬂWﬁﬂq\iﬂq@ UaguA1 P-value %39 Prob > F NUATUBDINIIAT

]
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A0 5878.672 LALUVVT1A0ITIAT P-Value > F N1losfiaa 11uf® U Linear 11a¢ Cubic 1f1 P-

C)

Value > F 1108071 0,001 sauaasluasgd 4.2

v A <3
M13190 4.2 Nami:}miwzﬁ Sequential Model Sum of Squares UDIAINNLLUN (HV)

Sequential Model Sum of Squares
Sum of Mean F p-value
Source df
Squares Square Value Prob > F
Mean vs Total 5878.672 | 1 | 5878.672
Linear vs Mean 274.441 2 | 137.2205 | 20.94664 | <0.0001 | Suggested
Quadratic vs Linear 27.63968 | 3 | 9.213227 | 1.601667 | 0.2503
Sp Cubic vs Quadratic | 0.985983 | 1 | 0.985983 | 0.156957 | 0.7012
Cubic vs Sp Cubic 55.359 3 18.453 | 94.00811 | <0.0001
Quartic vs Cubic 1.08425 | 1 | 1.08425 | 57.98126 | 0.0006 Aliased
Residual 0.0935 5 0.0187
Sp Quartic vs Quadratic | 22.38191 | 3 | 7.460638 | 1.486148 0.2991 Suggested
Quartic vs Sp Quartic | 35.04732 | 2 | 17.52366 | 937.0942 | <0.0001 Aliased
Residual 0.0935 5 0.0187
Total 6238.276 | 16 | 389.8922

2. Lack of Fit Tests

zidenuuus1aeaiiila a1 P-Value e Prob > F mnnianisdidayiidimua’ls fie 0.0s
o3 aIULT1a099zNUIMULTIa84 71Tl P-Value 30 Prob > F fiwinndnAnied s 0.05 34
Funvusiaesiiminzey fufe LUy Cubic A1 P-Value > F minfigamiiiu 0.0006 fauaasly

A
AT NN 4.3
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M13190 4.3 Namﬁmﬁzﬁ Lack of Fit Y9 Hardness

Lack of Fit Tests
Sum of Mean F p-value
Source df
Squares Square Value Prob > F
Linear 85.06892 8 10.63361 | 568.6425 | <0.0001 | Suggested
Quadratic 57.42924 5 11.48585 | 614.2164 | <0.0001
Special Cubic | 56.44325 4 14.11081 | 754.5889 | <0.0001
Cubic 1.08425 1 1.08425 | 57.98126 0.0006
Special
Quartic 35.04732 2 17.52366 | 937.0942 | <0.0001 | Suggested
Quartic 0 0 Aliased
Pure Error 0.0935 5 0.0187

3. Model Summary Statistics
Y ° S L. & oA Ay '

219N VTI009NY Standard Deviation  ¥30 ANDSUVUNIATIIUNUAIBY A1 R-
Squared, Adjusted R-Squared H9¢ Predicted R-Squared Adsiiaut11nd 1 az PRESS (Predicted
Residual Error Sum of Square) A259¢HA1089 WaNasauuuTIaesznuNuuuTIae il

- Standard Deviation 110891 gAfl® Quartic IAUMINY 0.136748

- A1 R-Squared At 1nd 1 11ndiga Ao Quartic IAUMINY 0.99974

- Adjusted R-Squared Mt 104 1 WnAga Ao Quartic UAWNINT 0.99922

. A1y Y = A Ao

- Predicted R-Squared NUAUG110a 1 1InNgA A0 0.692945 UAUNIN 0.692945

- PRESS 1ioefigafe Quadratic IAUMINY 110.418
WONITUAMINADAVDIAAZUUDTIA0 WUNUUUTIA0INTANUINUIZANNINAGA AD Special

Quartic AR IUAIT1IN 4.4
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4 a 4
3197 4.4 HAN15AATIZH Model Summary Statistics Y94 Hardness

Model Summary Statistics
Adjusted | Predicted
Std. R- R- R-
Source Dev. Squared Squared Squared PRESS
Linear 2.559483 | 0.763177 | 0.726743 | 0.678247 | 115.7036 | Suggested
Quadratic 2.39839 | 0.840038 | 0.760058 | 0.692945 | 110.418

Special Cubic | 2.506364 | 0.84278 | 0.737967 | 0.635407 | 131.1091

Cubic 0.443048 | 0.996725 | 0.991812 +

Special

Quartic 2.240562 | 0.902279 | 0.790598 | -0.57937 | 567.9482 | Suggested

Quartic 0.136748 | 0.99974 | 0.99922 + Aliased

4. HUUTIADINHNIZAN
SYRITRRELTR Sequential Model Sum of Squares, Lack of Fit Tests & Model Summary
' o { { ) Ly a d
Statistics %%‘W‘U’JHL‘U‘UﬂWﬁ@\iﬁﬁﬂ’NNl‘l’iMWgﬁﬁJiﬂﬂ?]QQ TIHUUNITAUATIEN Fit  Summary ‘ﬁ’é)

HUVIADIUY Special Quartic

4.3.4 M3NAT12H Model 1uT1/514n 33 Design Expert
A A . Y o 0 Y .
@ongUuuuvesaumsauilisunsy Design Expert 1aiinmisunzairld 1y Fit Summary

Y
o A

Taoluamideiiidonldgiunuauns Special Quartic

4.3.5 M33n512H ANOVA 11T151n3% Design Expert

11/51n50 Design Expert %ﬁwmﬁmswﬁgﬂgmuﬁnmiﬁgﬁaﬂ HazMuINAUMIEMSY
msineraneUaues saaasluaiied 4.5-4. 7710 UV IANN1TVIUIEAD Special Quartic
T3UATY Design Expert 921111133A512¥A1104U 51594 U09a1UM15 AOUILAILINUANNTINUY

& o 1 <3 A
FITUNITMUIYATAIINLUUL 7D

Hardness = 9.89A-141.41B+22.26C+240.39AB+9.60AC+237.55BC+57.53A’BC+

686.51AB°C-589.24ABC’ (4.5)

1i5o A Ao YSumuesdyn (Sn) B A USumuesneduas (Cu) 1az C Av USuaueanais (Sb)
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a a d <
M13190 4.5 M3 AATITHANNLYTUSIUVDIANNLU

Analysis of variance table [Partial sum of squares - Type III]
Sum of Mean F p-value
Source df
Squares Square Value Prob > F
Model 32446262 | 8 | 40.55783 | 8.079059 0.0062 significant
Linear Mixture 27444103 | 2 | 137.2205 | 27.33412 0.0005
AB 18.533332 | 1 | 18.53333 | 3.691812 0.0961
AC 1.1119734 | 1 | 1.111973 | 0.221503 0.6522
BC 15.996267 | 1 | 1599627 | 3.186433 0.1174
A™2BC 0.1344986 | 1 | 0.134499 | 0.026792 0.8746
AB"2C 4.544672 1 | 4.544672 | 0.905292 0.3731
ABC"2 17.080171 1 | 17.08017 | 3.402345 0.1076
Residual 35.140822 | 7 | 5.020117
Lack of Fit 35.047322 | 2 | 17.52366 | 937.0942 | <0.0001 | significant
Pure Error 0.0935 5 0.0187
Cor Total 359.60344 | 15
ﬂ]ﬁ]\i‘ﬁ 4.6 ﬂIW]Nﬁaaﬂl@\‘]ﬁiJﬂﬁﬁWHRJNﬁGU’E)\‘]ﬂ’JUJLLGﬁ\‘]
Std. Dev. 0.30 R-Squared 0.82
Mean 0.54 Adj R-Squared 0.56
CV. % 56.09 Pred R-Squared N/A
PRESS N/A Adeq Precision 7.32
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M9 4.7 ﬂTi'JLﬂi?gﬁlﬁﬂﬁ"lﬁllﬂ”ﬁTITHTEJﬂ”Iﬂ'JﬁJLL"’IN

Coefficient Standard 95% CI 95% CI
Component df VIF
Estimate Error Low High

A-Sn 9.89 1 1.58 6.15 13.64 2.77
B-Cu -141.41 1 91.61 -358.04 75.22 940.44
C-Sb 22.26 1 6.07 7.91 36.60 25.14
AB 240.39 1 125.11 -55.45 536.22 420.46
AC 9.60 1 20.41 -38.65 57.86 19.32
BC 237.55 1 133.08 -77.13 552.23 414.73
A™2BC 57.53 1 351.47 -773.58 888.64 18.55
AB"2C 686.51 1 721.53 -1019.63 2392.65 24.94
ABC"2 -589.24 1 319.45 -1344.63 166.14 14.35

a 4
4.3.6 M3AT1ZH Diagnostics 114 115453 Design Expert
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1. Normal Plot of Residuals nINaNBULMIGoId1TUFUATIAINING 4.1 LaasNToyall
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Normal Plot of Residuals

Normal % Probability
|
L |

-3.00 -2.00 -1.00 000 1.00 200 3.00

Internally Studentized Residuals

MW 4.1 N13AT1EH Normal Plot of Residuals ¥9Ia1N13 Special Quartic (Hardness)
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2. Residuals vs. Predicted %’ayaizwdm%mﬁa (Residual) AUNAADUAUDY UNITNTEIUA
o ~ 2 A g A = P A ° )
L!“]J“]thiJﬂ\‘lﬂ1W‘Vl 4.2 Glf\‘lﬂ’é]’ﬂlﬂl!ﬁﬂ‘]&lm%ﬂiﬂ/‘lﬂﬂllﬁﬂQﬂﬁﬂ’ﬂhlﬁiﬂgﬁh"ﬂ’ﬁﬁlﬂy‘aﬂﬁ]gl‘lflﬂﬁl%
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Residuals vs. Predicted
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Predicted

H a 4
MNN 4.2 N15UATIEN Residuals vs. Predicted YBIGUNTT Special Quartic (Hardness)

. =\ o 9 1 A (= Y o A < A 1
3. Residuals vs. Run UNMITNTSAYNIVDIVDY AL UV TN ﬂ@‘lummﬂumamwm 4.3 P3N0
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Residuals vs. Run
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4. Predicted vs. Actual L‘l]l!ﬂﬁ!‘iﬁ'ﬁl‘ﬂL“VIEI‘UﬂW]1@%1ﬂﬂ15ﬂ1u18ﬂﬂﬂ1‘ﬂqﬂ‘ﬂ1ﬂﬂﬁﬂﬂﬁ@\‘i BN
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Predicted vs. Actual
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500 —
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Actual

NN 4.4 mﬁmiwﬁ Predicted vs. Actual YD NN1T Special Quartic (Hardness)
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5. Box-Cox Plot For Power Transforms f1 Lambda "lmsﬁ}ﬂﬂé}l AININN 4.5 é]?ﬂﬁf’)’)”l!ﬂu
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Box-Cox Plot for Power Transforms
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6. Residuals vs. Sn  1iN3n352210A290903au DY A9 4.6 Fadoudludnyuzns i
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@ @ A l @ { .
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Residuals vs. Cu
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10. Leverage vs. Run ﬂwm"llﬂy,aﬁﬁuﬁlﬁmutlméllﬂﬂa 1 A94NINN 4.10 ﬂfnnﬂuaﬂ‘]elmzﬂiwlﬂ
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Leverage vs. Run
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N1TNADDIVIN G?);\WﬂfnﬁﬂWﬂWﬂ’JWMLLG]ﬂG]N’E)EIﬂlﬂ!‘l]uf‘ﬂ Residual hlf’%}ﬂﬂ‘l’\l@@ﬂiﬂﬂﬁﬂWWﬁ 4.1-4.3
] [ [ [ "9 9 A L] Y d‘d 1 o [
TIUAIVUDY Leverage ﬁ')uslﬁﬂluﬁWﬂul‘JJ!"Uﬂﬂﬁ 1 denudanvuznsvng memﬁumimuw"ln

mlsmumanaasslansnaaesmilafisamsnaaoufon awisng ldvinnmi 4.10

M151971 4.8 Yoyan19adan 1Av1n Diagnostics (Hardness)

Diagnostics Case Statistics
Standard | Actual | Predicted Run
Residual | Leverage
Order Value Value Order
1 21.97 21.39 0.58 0.53 10
2 20.13 20.79 -0.66 0.48 7
3 9.9 9.89 0.01 0.50 16
4 21.23 21.57 -0.34 0.49 11
5 16.73 16.31 0.42 0.50 4
6 24.2 24.74 -0.54 0.49 14
7 16.27 14.66 1.61 0.9 9
8 17.5 20.81 -3.31 0.52 13
9 23.93 22.84 1.09 0.69 15
10 15.67 17.57 -1.90 0.85 3
11 26.63 22.81 3.82 0.58 8
12 21.57 21.57 0.00 0.49 12
13 20.03 20.79 -0.76 0.48 1
14 2443 24.74 -0.31 0.49 6
15 16.67 16.31 0.36 0.50 2
16 9.83 9.89 -0.06 0.50 5

d‘ I~ d‘ [ é 1 d' 9 ?1}/ 9 Y a
1T NN 4.9 Lﬂu@niN‘V]LLﬁ'ﬂ\‘]EU’E]‘]JL"IJG]51]ﬂ\ilmaxﬂﬂiuﬂ"ﬁﬂﬂa@ﬂcﬁﬂﬂ”mllﬂuu@]’@\i‘ﬁ”llllﬂu
YIULUAUDN Internally Studentized Residual A1 Externally Studentized Residual madseuneuni
Y Y { 1 1
I8anaumsmsinenumsnadeuununagoudn 5 u ANUSuuvesdIunauegluve g
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M519N 4.9 FoyannadanudasveuvAveaazaluNINAa0N

Diagnostics Case Statistics
Influence on
Internally | Externally Fitted Run
Studentized | Studentized Value Cook's Order
Residual Residual DFFITS | Distance

0.38 0.35 0.37 0.02 10
-0.41 -0.38 -0.37 0.02 7
0.00 0.00 0.00 0.00 16
-0.21 -0.20 -0.20 0.00 11
0.26 0.25 0.24 0.01 4
-0.34 -0.31 -0.31 0.01 14
2.26 4.04 *12.03 *5.04 9
-2.14 -3.39 *-3.55 0.56 13
0.87 0.86 1.28 0.19 15
-2.20 -3.69 *-8.85 *3.10 3
2.62 **16.27 *18.93 *1.03 8
0.00 0.00 0.00 0.00 12
-0.47 -0.44 -0.43 0.02 1
-0.19 -0.18 -0.18 0.00 6
0.23 0.21 0.21 0.01 2
-0.04 -0.04 -0.04 0.00 5

** Case(s) with |[External Stud. Residuals| > 4.00

* Exceeds limits
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No. Hardness (Y111418) Hardness (9549) % Error
1 18.2 18.1 0.55
2 22.1 22 0.45
3 22.7 22.3 1.79
4 239 241 0.83
5 20.1 21.4 6.07
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