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Research Title: A study on relationship between hardness of lead-free pewter and composition and
microstructure
Researcher: Kannachai Kanlayasiri

Faculty: Engineering . Department: Industrial Engineering

ABSTRACT

This research project was aimed to develop a mathematical model to explain the relationship between
hardness of pewter and its composition, and to relate hardness of pewter to its microstructure. In addition,

effect of composition on microstructure of pewter was studied in this project. Lead-free pewter composed of

_ tin, copper, and antimony with a concentration of 89-100 wt%, 0-3 wt%, and 0-8 wt%, respectively, was

investigated in this research. Vickers microhardness was utilized to measure hardness of specimens. Results
showed that composition of pewter affects to its microstructure and hardness. Hardness of pewter was
dependent on concentration of copper and antimony. As either concentration of copper or antimony was
increased, hardness of lead-free pewter was increased. The addition of both copper and antimony at the
same time increased hardness of pewter at a higher degree than the hardness when only one element was
added. In addition, mathematical model developed in this study could be used to predict hardness of pewter

with high accuracy. The average prediction error was only 1.94%.

Keywords : Lead-free pewter, Hardness, Microstructure
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2.6.1.2 Multiple Linear Regressions
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1 - ] Y vd'dv ] Y] 1 [] ] o ' é 9 ° [
ANRREDE19I DY | @wumummaﬂmmi]:llummuﬂu@‘lﬂ FIVENDININITNATDUNAING
=y 4 %
WUATIEH (Post-hoc test or postetior) Iﬂﬂ?’%mmﬁﬂmﬁwwmm (Multiple comparisons) #43i%a18

{a 1 o ’ 1 Y ¢

W lullsunsw spss fifonld Tasursesnifly 2 nquingq aail
1) myufSeuiensios Lﬁamﬂfnmzﬂiﬂmuudaxﬂdullmmmshaﬁ”u 18uA LSD (Least-significant),
Bonferroni, Sidak, Sheeffer, RE-D-WF, R-E-G-WQ, S-N-K (Student-Nbewman—Keuls), Turkey,
Turkey’s-b, Duncan, Hochberg’s GT2, Gabriel, Waller-Duncan, Dunett
2) msufsouiionsiog emanusUsauusaznguuand1asu 1un Tamhane's 2, Dunnett’s t3,

Gamea-Howell, Dunnett’s C
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A a a o d a =] o == !
lu0\3ﬂ’lﬂﬂ'ﬁWﬁﬂNﬁ@]ﬂm“ﬂﬂ’lﬂwjlﬂ'ﬂﬂﬂuﬂ'ﬁWaﬂﬁluQﬂﬁ'lﬁﬂﬁ51]‘1]1J1ﬂlﬁﬂﬂ\3°llu'lﬂﬂﬁ']\1

uazmswandulngegludszmausda uazUszmanduendoulaommizlszmalnouas

H b4 ) H
wnaide [3, 4] msatuneanulansaiiaiiteenzegluiedisa Feannsdrisronanudsui

T o ' 1 v a o T a 1
Usinguineu s lunuwamsinyuBeadufinnes nweuws luienaisnisizinislag saly
IEAUMAUAZTTAVUINNG uAnu NNy eI UTAneeTEHINAYN Nodune wazwa lu

a

o v A ’ 4 = [ : a [ o
msiutuTansdansuuy1iasnzna (Lead-free solders) N1¥rugungige Fuilusaneviia

U

o 1

1 = -~ @ v oa | 4 9 & 1 =< I~] . =)
ﬁ')uNﬁlﬁnﬂﬁTﬁ‘BuﬂlﬂU?ﬂuﬂUW?Lﬂ'l’)ﬂﬂﬂ]llﬁﬁ']iﬂzﬂ') Lm“lum‘iﬂﬂym\mm’uﬂumsﬁﬂyﬂu

ﬁawmqﬂwaaumawmﬁaaaﬂ [15-18]
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WAWITONUADMIANHTO HIoNUaDNIYaTa lAanI1 TansAlianuuded [11, 197 Sawhiuf
v A1 1 FY =] v @ & - ya o o
NIWNUAN TIURdNLae InssasgamalinnuduiusedelndFaduanuudsves Tans [11]
"o 1 a i @ v o ¢ 1 '
Lmﬂq‘lu‘wmaﬂmsmmmms(ﬁmﬂum'sﬁﬂmmmauwuﬁswmwmuwanﬁ?aimqﬁ%’wfgamﬂ
AuAnuudvesiiunes lavase Farnmsdiranasuisofimoademud 185unanusso
o [ @ o o a0 [T
Sunniifeadestunsiinyanudusiuss g A NULTeves lanzriadsg AudunTuaz
Vv ] v o v o 1 < g aadd 1KY
Taseasnegania Feawisoasylai dmiviaglunqulanzanuudailugueanianivegsy
' ' o ¥ o ' S o
auwauuaz Inseadgamaveslans Tnslansudazaiinasianuduiussenennuudaty
daunauiaz InssadganmavesTavs lugduuuiuansraia'ly [12-14, 20-26] azwa g0

4 ° a o A a v w 1 Qw1
’d'i'NLLiJ‘Ui]'lﬁ?)\iﬂ'l\iﬂmﬂﬂ'lﬁﬂ’ﬂﬁ@’e)ﬁll1Uﬂ’)111fT3JW1J‘ﬁS$H’J’l\iﬂ’J'IQJLL‘INmJﬁ’JuNﬁuaﬂﬁ”w [22]
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fT'lW’i‘U'J‘ﬁﬂ'liE]?JﬂLL'U“]J‘U@x’iNﬂ?J L‘lJu’J‘ﬁﬂ'li‘Vl'I\'iﬁQ s 3907 ’Jﬁﬁuwﬂﬂﬁﬂi’)ﬂ (Response

tvnd'sl

surface method) ¥iianile ﬁmmm“l%’uammmﬁuﬁuﬁs.Vﬁ’mﬂmanuwmmmsﬁﬂywawm
tv @ 1] I'4 1 = g‘.l [ Y} s 1 o
WaunUdaTILvetednlsznoutnazsia luveanauiy Taonsanuinuduwusaina 192y
] £y ° a I'd { o o U g
FIUMSATNUBUIDDINNAUAFTAT LAZUHUNIN Contour plot N 1AINUVUTIA0IRINTTD T4
ABMIVNUVVVBIHANTNAIWIBAIWAY 19U Simplex lattice design, Simplex centroid design,
4 —_
. . . . 9 o 1
Extreme vertice design Uia¢ D-optimal design ‘Llﬂﬂi]mﬁﬂ’I‘ﬂ%"ﬁiﬂ’li@@ﬂlmummNﬁiJUQGIf’JUﬁﬂ
o . . I o 4 o a .
NuUUNsNaaeIad laius uIuyn Lﬁauﬁ-Umﬁwﬂ‘umsmamzmuamwmmgﬂ (Trial and
8 a4 Y ' 70 Vast
error) TVINMINUNIUIITTUNTTUANGIVOINLN MU 52gnA 1435 Mso0AUUDURIHINEINITO

Yy @ a o 1 ] o 4
El%’"lﬂﬂﬂum'i’mﬂﬁ’mmm‘Vimﬂﬁ’m LU ITATAT 9117 Laze [27-30]
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3.1 TagnlFlumsnaaes |
o = - ) v X o U - a [ 4
Tagaldlumsnaaes 1dun Ayn (sn) Faludmdsznoviugiuveslansnauiiunes
LAzaz i IMIIAL NBAI (Cu) azwa (Sb) asldludadand1eg a13199 3.1 uanseanasna?
i [~ 1 a d' Yy a 4
wagaNNveIsIguaaz e Iiumunauvesiunes

M9 3.1 qmﬁuﬂ'ﬁmm?}uﬂ (Sn) NDLAY (Cu) LLAZTWA (Sb)

519) AN ADUIHAI (°C) ANUUA (kg/mm”)
AN (Sn) 231.97 7-9
- NOLAN (Cu) 1084 77-99
AN (Sb) 630.63 50 -69

3.2 MIBVNUVUMINABDINIY Design Expert Software

1) 1H9NNTNARBUY Mixture D-optimal Design Tu Design Expert Software Version 8.0.4 Lﬁ@ﬁi]’lﬂ
nJums‘wﬂﬁan‘nmaﬁﬁﬂGuammvﬁm uae maﬂ?mmmuNﬁum”lﬂmﬁmmﬂﬂmﬂaﬂume
wihliSinadmlseneufimdemansaeuuadae

2) MAUUATIUIUTI HATINUBIUAALTIUNAY wmwmﬂ?mmm@ UAZVBUIAYDIIQ TUNIS

nanes lunisdmuaveuvavewnazsguzinsannSnadiunauvesudazsalulans

q

N
a

werufimeifitiouldludegii wazMNIATFIU ASTM Taslimstimuaniveuwadail Ayn (Sn)

89-100 % MDA (Cu) 0-3 % LazWaI (Sb) 0-8 % TABTIHATINVBIAIUHTNTIHLA 58 100 %

3) ﬁmuﬂfgﬂ (Candidate Points) ﬁﬂzﬁmﬁmam TaaTdsunsy Design Expert 33710150 UZH1

daunaulumsnanssldnnnquimsidenyalumsnancs uaznngafifamsmageuios o

“lum’a‘ﬁnmﬁ'lﬁlﬁan“l%’nﬂ@ﬂ“lum'smammumﬁmﬂsu Design Expert tuzthl# wavun 16 075

NANDY |

4) 189N TIUIUNAABUANDY (Response) NADINITANYT 11P1TAIMUATD LaEH 8909

HanDUAUDITiaU e dmiumsnageunuuie Ao Hardness inaodlu HV

5) Tsunsu Design Expert axviimsesnuuudiunaulumsnaaeld 1aseeiisannimanss
y

m1ls wazluudaznisnaasenislddunanla 3D luUST i TSI NN NAT eI HLA 16

ﬂ'li‘l’]ﬂﬁ’i]ﬁﬁ,\?uﬁﬂﬁluﬁ'li'lﬁ‘ﬁ 3.2
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13197 3.2 9AN1SNARBA (Candidate Point) VoWARZAIINAAGS

No. " wt%Sn wt%Cu ‘wt%Sb
1 -9 0 8
2 97 3 0

) 3 98.5 - 15 0

4 97 3 0
5 100 | o 0
6 89 3 8
7" 92 0 8
8 90.5 1.5 8
9 97.33 0 2.67
10 94.5 1S 4
11 93 3 4
12 93 3 4
13 92.5 1.5 6
14 89 3 8
15 95.75 2.25 2
16 100 0 0

33 vuaunaaey
= Qs’ ° 1 1 ~ Y !
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Spectrometer L) Spectro g’u Spectro lab M-8
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34 ﬂ'liﬂﬂ'Cﬁ’)‘l]ﬂ'J]N!!‘]N!!i\ziﬂidfﬁNﬂQilﬂ]ﬂ
T e <] 2 =, . R 4
‘Vl'lﬂ'l’i‘ﬂﬂﬁ@‘ljﬂ’J'lMllﬂlﬁﬁlﬂﬁ‘lfu\i'luﬂﬂﬁﬂﬂﬁ’lﬂ’l% Vickers Micro Hardness Iﬂﬂ!ﬂ?'&)ﬁ
. oAy , o - 2 g o <
Hardness Testing Machine 849 Mitutoyo 34 HM-113 Aauanslunni 3.1 FUYUNMTTAA MWL
8 a . A4 o g = = = ar o £ Y
Iﬂﬂ&l‘]ﬂ"l'JﬂﬂlW‘If’i‘VliJﬁﬂHm%L‘lluW‘igllﬂj'lufﬂﬁﬂUll ‘l]ﬁ'lﬂﬁ'\lﬂﬂ‘l’l'll.m 136 93711 NADIUUTUIIUAY
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3 a a aa X < R d’
HINVUIA 0.025 kgf Wunan 10 U™ mﬂnﬂmnmuﬂztﬂugﬂswﬁmaammamuﬁm“lumww

a

@ 1 <] Y o @ g’l J t:y 1 { [~
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4.1 HAMSNATOVA NINUTY

a
unna4 .

Han15398

s & A ]
Wﬁﬂ1§1’|ﬂﬁ@ﬂﬂ'ﬂﬂllﬂl\3ﬂy?ﬂa% Vickers Micro Hardness UDNFUITUNATDUNUTIUFNTUATNG

LAA AT 1NN 4.1

4 3 ) £
ﬂﬁNﬁ 4.1 wamﬁmﬁammmmﬁ'aaﬁ% Vickers Micro Hardness U94%U91UNAT 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 90.50 150 - | 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 95.75 225 2.00 23.93
16 100.00 | 0.00 0.00 9.9

J v e d
4.2 Nﬁiﬂ5"3!?1513‘ﬁﬂ'ﬂNﬁN‘WH558‘}1'\;1\1ﬂ31ul!‘ﬁ~1!m$d’?1&WETN

1. Sequential Model Sum of Squares

A 3 Aa o
WLADNUVUIIADINUM

[
o/ A

d49g9NgA 1alA1 P-value U350 Prob

u

d'd 9 ’ 1
> F NunusenIna

¥ o o o g A A a ° ' s AA o = A
Hy iyﬂﬂ’]ﬁ‘l'!ﬂ‘l? 19 0.05 LNOWIITUNDUDIADIISHLIN LLUU%Tﬂ@QﬂNﬂTﬂQgQWfJﬂ 19 Mean
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& oA

- 719 5878.672 uazuuUTIa0IRA1 P-Value > F oofige 1YUAD LUV Linear uaz Cubic iif1 p-

Value > F $108n91 0.001 sauaaeluaisiadi 4.2

L] a J d
AN 4.2 HaMIWATIEN Sequential Model Sum of Squares YDIA MUY (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 |1 9.213227 | 1.601667 | 0.2503
Sp Cubic vs Quadratic | 0.985983 | 1 | 0.985983 | 0.156957 | 0.7012
Cubic vs Sp Cubic 55359 | 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 _ '
A o Ao 1 =l ' 1w o @ Ao yaA
ABNUVVIIABINUA M1 P-Value #50 Prob > F unnanmdsdhaaficmua’ls fe 0.0s
HioNIUMUUTIANENUTMULT1a04 73] P-Value W30 Prob > F nnnnanivdide 0.05 @
= ° ~ < - T 4 Y I
dusnuiaesimnzay iufte uiu Cubic 81 P-value > F WNNFAIAY 0.0006 Aaaaaly

P
ATTNN 4.3
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{ . a I'd
ﬂ]iNﬁ 4.3 HONITUAIIEH Lack of Fit Y99 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 | < 0.000_1 Suggested
Quartic 0 0 Aliased
Pure Error 0.0935 5 0.0187
3. Model Summary Statistics ‘
' 12i80nuuUT1n097iil Standard Deviation  Wie fiuﬁaamummgmﬁﬁmﬁ’aaq 1 R-

Squared, Adjusted R-Squared (8¢ Predicted R-Squared astiaud1ngd 1 uas PRESS (Predicted
Residual Error Sum of Square) A159zlmiloee iofians mummﬁ’mawzwudmwii’maaﬁﬁ
‘ - Standard Deviation osfigaite Quartic ey 0.136748

- 1 R-Squared i 1nd 1 1071gA A9 Quartic AR 0.99974

- Adjusted R-Squared ﬁﬁ?fﬂﬂﬁ’ 1 Mﬂ‘ﬁfm fio Quartic UAUMAY 0.99922

- Predicted R-Squared Hifiudnlng | wnfig fis 0.692945 fiRAy 0.692045

- PRESS tfouitgailo Quadratic Tussy 110418
Lﬁ"aﬁmsmwﬁmnaﬁammuﬁiammuﬁmm ‘W'U’J'm‘uui‘immﬁﬁmmmmzﬂumnﬁqﬂ AD Special

Quartic A3 1UM15197 4.4
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! a 4
A19199 4.4 RANIAATICH Model Summary Statistics Y09 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

uartic 2.240562 | 0.902279 | 0.790598 | -0.57937 | 567.9482 Suggested
Quartic 0.136748 | 0.99974 | 0.99922 + Aliased

4. uuudResImII Ay
SYRITRRETIE! Sequential Model Sum of Squares, Lack of Fit Tests (182 Model Summary

. 1 o { { 0 ar a s .
Statistics %zwmumumamﬁﬁmmmmzﬂumﬂﬁqﬂ AIMUVNITAATIEH Fit  Summary fio

HUVTIRDWVY Special Quartic

4.3.4 M3AAT1EH Model TuTolsunsy Design Expert

Renguuuuvesaumsauii 1usunsy Design Expert 1&vmsuuz1in 191y Fit Summary

v
QA A AN

laoluanidtiidon 1y unuauns Special Quartic

a 'd
4.3.5M3UAT18M ANOVA 11 11Jsunsw Design Expert
’ o a J { o 9 [
115un51 Design Expert 3z¥imsTins1zistunnaumsiidon wagmuIUTNMITIUTY
MaerHaneuaues auanslumsied 4.5-4.73UuUDYBIA UM IR Special Quartic

o a 4 4 o [
195154 Design Expert 9:11m1505139a1n0ulsdsmvosaums neuszfuisaunisyiutg

Feaumsheaianuuss de

Hardness = 9.89A-141.41B+22.26C+240.39AB-+9.60AC+237.55BC+57.53A’BC-+
686.51AB’C-589.24ABC? (4.5)

ifio A flo WSuaivesdiyn (Sn) B Ao WEumusaneauns (Cu) 1og C Ain USuaiveanaia (Sb)
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d’ a 's d
A1TNN 4.5 N5 AATIZHANNYSYsIWVBIA LT

Analysis of variance table [Partial sum of squares - Type I1I]

Sum of Mean F p-value
Source df
Squares Square Value Prob > F
Model 324.46262 | 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 | 15.99627 | 3.186433 0.1174
AM2BC 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
Restdual 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
m9afi 4.6 fmaiAvesaumM Iy IHave IR A
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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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 7522 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
AM2BC 57.53 1 351.47 -773.58 888.64 18.55
AB"2C 686.51 1 721.53 -1019.63 2392.65 24.94
ABCM2 -589.24 1 319.45 -1344.63 166.14 14.35

4.3.6 MIUATIZH Diagnostics 11111)51n51 Design Expert

R a v q [ { T
1. Normal Plot of Residuals A5 UANYMENFeadadluduassdsnIng 4.1 uaasdouas

au

minsznwuunled Mansiimanmznqueguuduaswaaisnnuminzasveovad

wih lWa¥saunsyhunena

Normal Plot of Residuals
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Internalty Studentized Residuals

2.00 3.00

NN 4.1 M5ANTIZH Normal Plot of Residuals ¥99714N15 Special Quartic (Hardness)
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2. Residuals vs. Predicted %gmwimﬂymﬁa (Residual) AUNBADU TN ﬁmiﬂimwﬁ”l
t o = &L A 1 d e : A =2 LY = o Y
LL‘U‘]JZ:fﬂJﬂ\iﬂ'IW'VI 4.2 mnmuﬂuaﬂymzﬂﬁﬂwﬂuﬁmmmmmmzﬁmawagamzu1 1‘].'61‘1)'

Tumsadeumsinona

Residuals vs. Predicted

[~}
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o 200 —
[i*}
i 2
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3
a
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o
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w
2 -1.00 —
E
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£
s
z

-2.00 —

-3.00

T T T T T
5.00 10.00 15.00 20,00 25.00

Predicted

o

4 a o
NN 4.2 N13UNTIEH Residuals vs. Predicted U998 1UN15 Special Quartic (Hardness)

'Y

. P=1 o £y U =} a £y [ dl é A 1
3. Residuals vs. Run 3JﬂTiﬂiZ%TUﬂ?ﬂlf)\iﬂl@HmquﬂJ ﬂ@‘lUMLU'}IUNﬂ\‘lﬂT‘WV} 4.3 ANV

L)

g o P - )
Lﬂuaﬂymzﬂﬁﬂﬂﬂ Hﬁﬂ\iﬂ\iﬂ'l']?JL‘ﬂﬂJ'lgﬂ?J‘U@\i“U@y‘ﬂ

o

Residuals vs. Run
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o
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E
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©
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-3.00
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4 a o
PN 4.3 A13IIAIIEY Residuals vs. Run Y8491N15 Special Quartic (Hardness)
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4. Predicted vs. Actual Ll]uﬂ'lSL‘IEEJ‘IJme‘Uﬂ']‘V]‘lﬂ%']ﬂﬂ'IS‘VI']N']EJﬂ‘IJﬂ'm‘lﬂi]'lﬂﬂ']ﬂ’lﬂﬁfN Y3
~V]\3ﬁf)\3ﬂﬂﬂﬁlﬂﬁl\‘iﬂu "t]']ﬂﬂ']‘W‘Vl 4.4 %“Mﬁﬂuﬂlﬂdﬂﬂ'lﬁllﬁu‘ﬂllﬂ'lmﬂﬂ']ﬂ’]ﬂﬂﬂ\mﬁ]ﬂﬁﬂﬂﬂﬂﬂ’l‘i’l

‘lﬂmnﬁumsmuwwa GIN"tIS‘VIﬂﬂmﬂﬂ']ﬂ’el'mWﬂWﬂ']ﬂiﬂﬂ

Predicted vs. Actual

3000 —]

2500 —

2000 —

Predicted

15.00 —

1000 —

5.00

T
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7 16.27 14.66 1.61 0.9 9
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10 15.67 17.57 -1.90 0.85 3
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