NANITANLUUNGIAE

el al

HANIANHUNTIREAINNINARBINIATNIINHLARTNANGA LN TUAR LN
o a o 1 a v o 1 o 1 d”
INANTARATI AU Heneii 3 g0 sapalii
1. HANIINARDLAINNANNITDURLATANHATA
2. uanimedaLiaaaniladsliuni1aaniuLnTMAREY

3. NATBNNITAANLULNITNARDILASLANITNAADIT
4.1 NANISNAFALUIAMNEINITOUAIATDINDIN
4.1.1 1/A3999AA1 MRR (1F789 Quasi Static Test ¥3a QST)

AN9NT 4.1

UAANHANNITANNATIAITNAINNTNTRILATES QST

tAFai 1 iAfasi 2 Avali 3

Al = n; = aT r 4 ol

saui 1 Faum 2 Faun ¥ Fau 1 fFaun 2 FauUn 3 faumn 1 FRAUN 2 FauUNn 3
L 25233 252.52 252.55 252.54 252.44 25219 252.53 252.44 25219
2 227 65 227.85 22763 227,90 228.01 228.01 227.89 228.00 228.00
3 166.62 16664 16678 167.00 167.05 166.97 167.00 16705 166.96
4 167.83 167.62 167 .85 168.09 168.03 168,06 168.09 168.02 168.05
=1 29712 217.14 21706 216.97 217.46 217.21 216.97 217.45 247.30
] 262.83 262.77 262.70 263.08 263.06 262.95 263.08 263.05 262.95
T 265,06 265.12 Z65.09 263,50 265.37 26543 265.50 285.37 26542
8 267 .82 267.79 26780 268.26 267 84 268.24 268.26 26784 268.23
g 266,92 266.31 267.00 267.39 26694 267.02 267.38 26694 267.02

10 277.88 277.87 277.95 278325 278.46 27e.22 278.35 278.46 27821

1 304,43 30437 304,40 304,52 304.52 30470 an4.51 304.51 30469

12 28555 29549 28529 286.07 296.19 295 96 296.07 29618 28595

13 293,51 293.22 293.54 29382 294.14 29382 29382 294.13 29382

14 28743 287.62 287.57 2gg.a0 288.01 2a8.04 2g8.40 288.00 288.03

15 296.76 296.88 296.79 297,53 296.63 296.55 297 .53 29663 296.54

16 313.42 313.36 313.33 314.03 314,12 31397 314.03 314,12 31296

17 315.79 315.76 31589 316.53 316.44 316.56 316.53 21644 316.56

18 313.07 3MN311 313,249 314,02 314,09 31412 314,02 1408 31411
19 31563 315.57 315.54 316.67 66T 31652 316.67 2667 316.51
20 30841 308.59 308.41 305,58 309.43 309,40 Ing.s8 309 .42 309,39

21 330.29 329.93 23038 33087 331.03 330.64 330.86 331.02 330064

22 321.74 321.45 321.81 322,36 322.43 322.595 322.36 3z22.42 322,55

23 32220 321.98 32227 323.09 32321 32347 323.08 323:21 32346

24 33549 334.97 33540 33637 336.50 336,43 3636 336.49 336,43

25 37 33123 330.87 33z2.51 3zz.22 33238 J3z.s0 332.21 332.37

26 345.06 34523 34483 346.04 346.01 34563 346.03 246.00 34563
27 348 00 347.90 34T B2 348 41 348 .92 34EB1 34840 24891 248 81
28 339.80 339.93 339.80 I413 i 3412 3413 24111 Iz

29 35562 35559 355.59 356.93 357.04 357.21 356,93 357.03 357.21

30 338.04 33811 338.14 339.65 339.35 339.75 33965 339.35 33975

48
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pia Tl

‘Gage R&R Study - ANOVA Method

Gage R&R for HMRR

Gage name: Quasi Static Test
Date of study: 29-dug-z0035
Reported by: Thananarin Th.
Tolerance: 300
Mizc: 30
Gage R&R
(Contribution
Source WarComp [of WarComp)
Total Gage B&R 0.22 0.01
Repeatability 0.03 a.oo
Eeproducibilicy 0.z0 0.01
HMachine 0.14 0.01
Machine*HNo 0.05 o.o0
Part-To-Fart 2398.63 99,949
Total Wariation 2398.90 loo.00
Study Var
Source stdDew [(5D)  (5.15 * 3D)
Total Gage RsR 0.4713 2.427
Repeatability 0.1631 0.540
Feproducibility 0.44z2 2.278
Machine 0.3761 1.937
Machine*No 0.2326 1.133
Part-To-Part A5, 9763 252.228
Total Wariation 45. 9788 Z52.240

ZEtudy Var
(%37

0.

ooo

100.
100.

96

¥Tolerance
(37 sToler)
.81

u}
o
o
0.65
u}
4
LS

54,
G4,

49

ANNUANIITANLILAFAITAAT MRR %78 QST & au1snaansuls iiasainan

P/T Ratio uazA1 %GR&R (%Contribution) ag/luinausinnnmua li(ginnaiunnsgiuldann

UNN 2 YA 27)

Gage R&R (ANOVA) for MRR

5age nare! uasi Skatic Test
Crate of study: 29-Aug-2008

Covm ponents of Variation

Repotted by
Tolerance:
IMisc:

Thananatin Th,

300
30

MRR Ly o

Mancant

R Chart by Mackine
151 i1 1513

:

MER Ly Machine

Ha

I I i
Pl Mﬂ,}l_ AR : g :
) KI.:drCh.lirl by Machine i -
NN 4.1

AMNLARINTTIAZEANENTn TUNTTRT89LATRS QST
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4.1.2 \ATRYIAANULILADIHD (LATRY Atomic Force Microscopy 1aa AFM)

A9 4.2

AT ILAAINANITIANIAIANNANNITOTRUATES AFM

. yiinaALA 1 inaAANn 2 yinaAuANn 3
S saui 1 | sauii2 | saui 3 | sawdi1 | seuil2 | soui s | sawil 1 | seudi 2 | sauidls
1 0.27 0.26 0.26 0.26 0.27 027 0.27 026 0.27
2 0.24 0.24 0.24 0.24 0.24 0.24 0.24 024 0.25
3 0.21 0.20 0.21 0.22 0.20 0.21 0.21 022 0.21
4 0.55 0.56 0.55 0.54 0.55 0.55 0.54 055 0.56
5 0.57 0.56 057 0.57 0.57 0.57 0.57 057 0.56
B 0.53 0.53 0.54 0.53 0.53 0.53 0.53 054 0.53
7 1.08 110 1.08 1.08 111 1.08 1.08 1.08 1.08
g 1.25 123 125 1,26 1.25 125 123 125 1.25
g 138 1.36 1.38 1.35 1.38 138 1.35 1.38 1.36
10 1.50 148 148 181 1.50 151 1.50 150 1.48
AINNAAINANTNN 4.2 @ru1satiwninnisarseilullsunsudiagl
Py ; X
IAsananallil

Gage R&R Study - ANOVA Method

Gage BsR for Ba Sample

Fage nawme:
Date of study:
Reported by:

Atomic Force Microsopy
19-Aug-2005
Thananarin Th.

Tolerance: 1.0
Mizc: i0.0
lcage RAR
(Contribution
Source WarConp [of VarCoup)
Total Gage RaR 0. 000045 0.0z
Fepeatability 0.000045 0.0z
Reproducibility 0.000000 0.oo
Operator 0. 0agdoao0 g.ao0
Part-To-FPart 0.243564 99.938
Total Variation 0. 243609 100.00
Study Var
Source StdDew [(3D) [5.15 * 5D)
Total Gage RsE 0.006692 0.03447
Repeatability 0.006692 0.03447
Reproducibility 0. 0ooooo O.oo0o0
Operator 0. o0ooooo O.oo0o0
Parc-To-Part 0.493522 Z.54164
Total Variation 0. 493567 Z.54187

F5tndy Var
(%57

.36
.38
.on
.00
.89

ju]u]

3Tolerance
[ 3¥/Toler)

3.45
3.45
0.00
0.00
Z54. 16
254.1%9

ANNUANITTANLINATAITAAIANNULNLUBING Y8 AFM  Hausnuansuls

118991NA1 P/T Ratio wazA1 %GR&R (%Contribution) aglwnassinnnuunals (gunmsd

nmsguldaINUNd 2 uii 27)
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Gage R&R (ANOYA) for Ra Sample
Reported by:  Thananarin Th,

Fage name! Akornic Force Microsopy Talerance: 1.0
Drate of study: 19-Aug-200% Misc: 10,0

Fa Sampls by No

Ha

Com ponents of Varition

Percent

R Chart by Operator
3 Ra Sample by perator

i [ | T T ]
3 01000650 g
3 I | g ]
£ i oA | o -AnA- 0 0 o
E; pi0a
LI ) W | i 8 ] 'y
Nbar Chart by Operator iy
; Oparator* Ko Interaction
§ : _u,;_r""'i'ﬂm -
4 } } o : ; o :_&:_/
s -arJ m L-!‘J gy

NN 4.2

LAAINTIATIZHAINAI NN TR TUNNTRTRLATEY AFM

A9 4.3

A7UNANNIUIAIANAINITNTBILATRINDLA

WhaTRATMRR | wisaindtnanumeuia
ﬂ'ﬂmmﬂmmﬂ&iﬂuﬂgTamm*?’]ﬂﬁwumLamz (P/T Ratio) 3.45 0.81
feivne S auALaTsRRTAR (% GR&R) 0.02 0.01
Haar ganfuld sanfuld

42 wanmsnagauialaantladglunisaanuuLNIsNARaY
fafeiiAdeldanalfiasduiiefiasidenundnann 6 fade Ifimae 5 tade Lile

nsasuauiladelégnies wazidunislszudanldarauazinanlunmeaesdngan i

A4ae 1@ 1495013 One Factor At A Time UWaTWANN13384 2-Proportion ufedansastiade

A
a
a P B Y |

NAHAFRDAT %MRR LAY Ra Iummmuﬂ@umi@@ﬂLmumsmmﬂmumumiﬂ
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AN9NT 4.4

A3UNANNIUIAIAINAINNINTRILATENHE IR

mihmeioudiouiy| oo RR Dk |
" . — — A1 P-Value
i {94 il | mil | meawn | maoe ﬂi‘ﬂmﬂ

. - G gy (ZPronarion)

doan | ooy | ke | Al Seurigy
1 Jsmonrumaddalad pof) il T T 217 0065 (urebedneiiy
7w nsua (e 19 1 330 705 0006 [ueriretheddoiy
3 mdseabmaraAdA sen) i B0 | om0 emheddidy
4 [pwioseenaou S msuna e | 10 1 e 200% 0056 wsanednabndiy
5 [powsoseutuacede Wi e 10 19 3084 205 0038 (uarehednebioiy
b femmmgenwniiiddmad | oudofe | bl | 38 | s | oms (uniheddiiidy

1
! o A

= o o a \ oA
ﬁd@ﬂﬂﬂﬂiwmﬂﬂdmﬂuum(Sﬁ@@ﬂTmﬂUﬂ?ﬁuLWEU?zVQWQMﬁﬁNWﬁ?ﬂﬁuHUﬁﬂm

v
o =

nfFauey Auaninalunnsnei 4.4 agdlddnanniianun 6 Tadutiu e 4 1ads

]
o o 1 | ]

NAINANULANFANNAL NN ANATUARAT %MRR WA NATTadauiaNnneAn P-Value WinAu

o

0.056 daNaLRazwanANat1al e d1Ay Feinlun17aanuULNIINAARIAZENLEEN 1

o

|
g

1lade Aa ANEITELTR LW R AT luLAS A N1FaNnIN1TeenuLL IUNNMAAeY

pingl azld ianum 5 tadesepalli

1. svazinanlunstednlade (Charging time)

Test and CI for Two Proportions - Charging time
Sample X N Sample p
1 52 1556 0.033419
2 34 1567 0.021698

Difference = p (1) - p (2)

Estimate for difference: 0.0117215

95% CI for difference: (0.000241767, 0.0232013)
Test for difference = 0 (vs not = 0): Z = 2.00
P-Value = 0.045
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2. dwin lflun1suasa (Charging Weight)

Test and CI for Two Proportions - Charge Weight
Sample X N Sample p

1 50 1479 0.033807

2 27 1505 0.017940

Difference = p (1) - p (2)

Estimate for difference: 0.0158664

95% CI for difference: (0.00447306, 0.0272598)

Test for difference = 0 (vs not = 0): Z = 2.73

P-Value = 0.006

3. ANEITELURNLHUNANTUZNNITLASA (Plate speed)

Test and CI for Two Proportions - Plate speed
Sample X N Sample p

1 52 1482 0.035088

2 34 1495 0.022742

Difference = p (1) - p (2)

Estimate for difference: 0.0123452

95% CI for difference: (0.000309153, 0.0243813)
Test for difference = 0 (vs not = 0): Z = 2.01

P-Value = 0.044

4. ﬂ’]’mL%?ﬂ‘U"ﬂﬂ\‘]Q\‘iLLMQuLsﬁ?’]ﬁﬁﬁ’ﬂlﬁﬂluﬂ’]?Uﬂﬁﬂ (Ceramic speed)
Test and CI for Two Proportions — Ring Speed

Sample X N Sample p

1 46 1470 0.031293

2 30 1486 0.020188

Difference = p (1) - p (2)

Estimate for difference: 0.0111041

95% CI for difference: (-0.000313059, 0.0225212)
Test for difference = 0 (vs not = 0): 2 = 1.91

P-Value = 0.057

5. Auszanlunsdngllunresraunanmsiia (Oscillate speed)

Test and CI for Two Proportions - Oscillate Speed
Sample X N Sample p

1 49 1496 0.032754

2 31 1509 0.020543

Difference = p (1) - p (2)

Estimate for difference: 0.0122106

95% CI for difference: (0.000696503, 0.0237247)

Test for difference=0(vs not = 0):2=2.08
P-Value= 0.038

4.3 HRAURINITRANLULNITNAAD

o0 auutlade i lunseanuuuwingu 5 tlade (Factor = 5)

O AuauszauluLAazilade winfiu 2 52Au (Level = 2)
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NATAIN1TRANLUL 117U 5 (Resolution = 5)
AMUIUNNIMARBINAUINAT WAL 1 N19MAaas (Center point = 1)
ATUIUNTAANGHNNINAADY - IHH(Block = 0)

n3EENAIALININAaeTluuLLgN (Randomize)

O O O O O

RUMUIUNNINARBITINWINAL 17 NINAaaY (Run = 17)

TINANITRANWULNIINAADILALNANDUAUAIAINNTDANWULNITNAADIN
%MRR loss LAYANANNUENLIBIRINIEIU (Ra) 284919 17 NITNARBILULA A LLA1I7197
45 FAMFUILATIBLATRINITIRDNLLLILARAILTIUN AN FTEALLLAB9TLAL TUN1INAADY

Hanunsnuanelesesalila

Fractional Factorial Design

Factors: 5 Base Design: 5,16 Resolution: v
Runs: 17 Replicates: 1 Fraction: 1/2
Blocks: 1 Center pts (total): 1

Design Generators: E = ABCD
Alias Structure

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

Alias Information for Terms in the Model.

Wa A Ae srevnailunngtlednlasel (Charging time)
B A0 AMNNI390LBILNLINANTLLHININNTLASA (Plate speed)
= [~3 ] a .
C Aa ANseLlunsdngreItawiwsia (Oscillate speed)
D Af ANNIFITELUR9LUILLIIHALUNNTLASA (Ceramic speed)

E Aa wutdn?ildlunisuaena (Charging Weight)
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HAallaaniFaanuuunIsnAaal HamsnAa|l
Charging Charge Plate Ring Ring “MRR Ra
StdOrder|RunOrder|CenterPt| Blocks
Time Weight | Speed | speed |Oscillate| Loss {nm)
1 1 1 1 50 18 20 10 10 300 0.29
2 2 1 1 75 12 20 10 10 1.85 0.24
3 3 1 1 50 12 35 10 10 307 0.34
4 4 1 1 75 18 35 10 10 1.50 0.38
5 5 1 1 50 12 20 10 15 5.64 0.28
G 6 1 1 75 13 20 10 15 248 0.24
7 7 1 1 50 18 35 10 15 2.00 0.28
g ] 1 1 75 12 35 10 15 1.20 0.23
] ] 1 1 50 12 20 15 10 399 0.37
10 10 1 1 75 18 20 15 10 0.94 0.30
11 11 1 1 50 18 35 15 10 2.97 0.38
12 12 1 1 75 12 35 15 10 302 0.28
13 13 1 1 50 18 20 15 15 225 0.29
14 14 1 1 75 12 20 15 15 5.56 0.34
15 15 1 1 50 12 35 15 15 1.53 0.23
16 16 1 1 75 18 35 15 15 042 0.22
17 17 i} 1 63 15 27 12 12 2.50 g0.32
4.3.1 %MRR Loss R1nN1922NLLLNTNANAY
v 1
a o
4.3.1.1 NITIATIEUUUN 1
Pareto Chart of the Effects
{response is MRR Loss, alpha = .05)
1,909
B | Factor  Mame
A Charging Time
E - B Plate Spead
E 1 (= Cerarnic Oseillate
5 [ o Ring speed
EE 4 | E Charge Weight

Term

0.0 0.5 1.0
Effect

Lenth's PSE = 0.7425

IR

2.0

WA 4.3

LARAS Pareto Chart of the Effects 499 %MRR Loss




MNormal Probability Plot of the Effects
{response is MRR Loss, Alpha = .05)

Effect Type
& Mot Significant
45 L4 W Significant
90 4 ¥ Facter  Marne
. A Charging Time
30 4 5 B Plate Speed
70 4 ™ c Cararnic Oscillate
2 [ .. =] Ring speed
g <o 4 .. E Charge Weight
g ¥ .
30 A & *
20 4 *
10 A =
51 L]
1 T T T T
1 u] 1 2
Effect
Lenth's PSE = 0.7425
A
NN 4.4

wAA3 Normal Probability Plot of the Effects 14839 %MRR Loss
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y o= o a ' | Ao o o ' LA >
Wﬂqq1NNﬂQ@ﬂ1ﬁV]LL@ﬂﬂﬂquLLmﬂﬁn\?ﬂﬂq\ﬁJuﬂ@qﬁm LL[;]WU']']NﬂQN‘ﬁ@\TT’EIH@

'
o a [

vugadAnuilullinaziduiladundinasiadl %MRR Loss tiuka BC, A, B uaz E

ANNANAL 40 C Thuiadumsnsaniuilads B Daazimanuiflulilldnazdeuasa %MRR

loss tiuied luaneilade D dulidanaln ] 1aeiy %MRR loss T981N1903ATZRNLAN

16a1nn3 W Main Effect Plot siasia il

Mean of MRR Loss

Main Effects Plot (data means) for MRR. Loss

Charging Time Plate Speed Cerarnic Cscillate Paint Type

324

2.8

—&— Corner
\ —— Center
J—

2.4+

2.0 4

SN

co.0 E2E 750 200 275 350 0.0 125 150

Ring speed Charge Wieight

324

2481

2.4

2.0 4

NINN 4.5

WAMN Main Effect Plot for MRR Loss



Interaction Plot {data means) for MRR. Loss

L] L]
-——a
Plate Speed .4/. [ ]

Ceramic Dscillate -—

Charging Time

/ | .ff. | / '/.

Ring spasd

Charge Weaht

NNN 4.6

LAAS Interaction Plot for MRR Loss

Cube Plot {data means) for MRR Loss

& Centerpoint
® Factorial Paint
| 5
——— ==

NNN 4.7

WAMN Cube Plot for MRR Loss

Factorial Fit: MRR Loss versus All Factor
Estimated Effects and Coefficients for MRR Loss (coded units)

Term Effect Coef
Constant 2.5888
Charging Time -0.9350 -0.4675
Plate Speed -1.2500 -0.6250
Ceramic Oscillate 0.0925 0.0463
Ring speed -0.0075 -0.0038
Charge Weight -1.2875 -0.6438
Charging Time*Plate Speed 0.0775 0.0388

Charging Time*Ceramic Oscillate 0.4950 0.2475



Charging Time*Ring speed 0.7350 0.3675
Charging Time*Charge Weight -0.2850 -0.1425
Plate Speed*Ceramic Oscillate -1.4450 -0.7225
Plate Speed*Ring speed 0.0500 0.0250
Plate Speed*Charge Weight 0.8050 0.4025
Ceramic Oscillate*Ring speed -0.3825 -0.1912
Ceramic Oscillate*Charge Weight -0.4075 -0.2037
Ring speed*Charge Weight -0.5925 -0.2963
Ct Pt -0.0888
S=*

Analysis of Variance for MRR Loss (coded units)

Source

Main Effects

Curvature
Residual Error

DF Seq SS Adj SS Adj MS F
5 16.4120 16.4120 3.28240 *
2-Way Interactions 10 17.0978 17.0978 1.70978 *
1 0.0074 0.0074 0.00741 *
O * * *
16 33.5172

Total

v
o

AMNUIU

v

o o o

AN 4.3 Faazidnaludunaud 2 falil

v 1
co A

4.3.1.2 N1IATIZATUN

* % *x j

paud 1 NldanrsouniladeNgdanasa %MRR loss asinadiel

Term

Pareto Chart of the Standardized Effects
(response is MRR Loss, Alpha = .05)

2.228
[ Factor Mame
A Charging Tirme
BC 4 B Plate Speed

S Caramic Oscillate

E Charge Weight
E 4
B4

I

0.0

0.5

T T
1.0 1.5 2.0 25 3.0 35
Standardized Effect

WAAN Pareto Chart of the Effects 1489 %MRR Loss

AN 4.8

o

aNAny
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Mormal Probability Plot of the Standardized Effects
{response is MRR Loss, Alpha = .03)

Effect Type
# Mot Significant
95 1 W Significant
a0 4 Factor  Marne
* A Charging Time
20 4 B Plate Speed
C Cerarnic Cscillate
o 70 L ] E Charge Weight
=
8 504 HE
=
o 404
= 30 HE

WEC

-3 -2 -1 0 1 2 3
Standardized Effect

AW 4.9

A9 Normal Probability Plot of the Effects 189 %MRR Loss

Factorial Fit: MRR Loss versus Charging Time, Plate Speed, Ceramic Oscillate
and Charge Weight
Estimated Effects and Coefficients for MRR Loss (coded units)

Term Effect Coef SE Coef T P
Constant 2.5888 0.2338 11.07 0.000
Charging Time -0.9350 -0.4675 0.2338 -2.00 0.073
Plate Speed -1.2500 -0.6250 0.2338 -2.67 0.023
Ceramic Oscillate 0.0925 0.0463 0.2338 0.20 0.847
Charge Weight -1.2875 -0.6438 0.2338 -2.75 0.020
Plate Speed*Ceramic Oscillate -1.4450 -0.7225 0.2338 -3.09 0.011
Ct Pt -0.0888 0.9640 -0.09 0.928
S = 0.935197 R-Sg = 73.91% R-Sg(adj) = 58.25%

Analysis of Variance for MRR Loss (coded units)

Source DF Seq SS Adj SS Adj MS F P

Main Effects 4 16.4118 16.4117 4.10294 4.69 0.022

2-Way Interactions 1 8.3521 8.3521 8.35210 9.55 0.011
Curvature 1 0.0074 0.0074 0.00741 0.01 0.928
Residual Error 10 8.7459 8.7459 0.87459

Total 16 33.5172

Estimated Coefficients for MRR Loss using data in uncoded units

Term Coef
Constant -3.04042
Charging Time -0.0374000
Plate Speed 0.398333
Ceramic Oscillate 1.07817
Charge Weight -0.214583

Plate Speed*Ceramic Oscillate -0.0385333
Ct Pt -0.088750
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AMNNANTAATILT WL 3 TTadeigenaliian %MRR loss WANFANALING

'
a o o A

Nilad1Any vuAa 1Jads B (Plate Speed), E (Charge Weight) Way C (Ceramic Oscillate

speed) @atlade C Hazlanasuiuilads B

IPENANNIINNAAAIRATN LHANNNINARAIUR AR

%MRR Loss = -3.040-0.398*B-0.214*E-0.038*B*C............... 4.1)
4.3.1.3 N199LATZUTUN

ANTWIAINIINTLARTNANGANZINARAAT %MRR Loss 1ua1dnsnld

q

Tsunsudnidagi/lunnsiiasziivina Response Optimizer 88NN 1#AInNA 4.10

|2l 3e| 1] > ]
Optimal Charging Plate Sp Ceramic Charge W
D Hi 750 350 15.0 18.0
cur 750 350 150 18.0
0.88250 | 4 50.0 20.0 10.0 12.0
O
MRR Loss
finimum - - N
y=01762 |e .
d = 0.88250 » *
=
NN 4.10

WAANKNATAN Response Optimizer 9189 %MRR Loss

Response Optimization
Parameters

Goal Lower Target Upper Weight Import
MRR Loss Minimum 0 0 1.5 1 1

Global Solution

Charging Time = 75 min
Plate Speed = 35 rpm
Ceramic Oscillation = 15 rpm
Charge Weight = 18 Kgs

Predicted Responses
MRR Loss = 0.17625, desirability = 0.8825
Composite Desirability = 0.88250



4.3.2 AMAMNREIUARININIDIU (Ra) AINN19RBNULLNITNARDY

4.3.2.1 N19IATIZTUN 1

Pareto Chart of the Effects
(response is Ra, Alpha = .05)
0.06266
fat | Factor  Mame
A Charging Tirme
BD | B Plate Speed
EC 4 | o] Cerarnic Oscillate
EE - | o Ring speed
& | E Charge Weight
CE [
E o]
E CE
- acd
E
AE
a0
D
AE
I
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Effect
Lenth's PSE = 0.024373
A
NINN 4.11
Lamy Pareto Chart of the Effects 1249 Ra
Normal Probability Plot of the Effects
(response is Ra, Alpha = .05)
99
Effect Type
& Mot Significant
95 B Significant
90 1 Factor  Mame
A Charging Tirne
80 B Plate Speed
70 4 C Cerarnic Oscill ate
E &0 4 o] Ring speed
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Main Effects Plot (data means) for Ra

LAAY Main Effect Plot for Ra
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Interaction Plot (data means) for Ra
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Cube Plot (data means) for Ra
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WAMY Cube Plot for Ra

Factorial Fit: Ra versus All Factor

Estimated Effects and Coefficients for Ra

Term

Constant

Charging Time
Plate Speed
Ceramic Oscillate
Ring speed

Charge Weight

Charging Time*Plate Speed

Charging Time*Ceramic Oscillate
Charging Time*Ring speed
Charging Time*Charge Weight

Plate Speed*Ceramic Oscillate

Plate Speed*Ring speed

Plate Speed*Charge Weight
Ceramic Oscillate*Ring speed

Ceramic Oscillate*Charge Weight
Ring speed*Charge Weight

Ct Pt

S = *

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.
-0.

Effect
0
02875 -0.
00125 -0.
05875 -0.
.01625 0.
.00875 0.
00125 -0.
.01625 0.
00375 -0.
.00375 0.
04625 -0.
.04625 -0.
.03625 0.
00375 -0.
02125 -0.
01625 -0.
0

Analysis of Variance for Ra (coded units)

Source DF
Main Effects 5
2-Way Interactions 10

Curvature 1
Residual Error 0

Total 16

o

Seq SS

.0184812
.0264625
.0006798

*

.0456235

Adj SS
0.0184812
0.0264625
0.0006798

*

(coded units)

Coef

.29313

01437
00062
02938
00813
00437
00063
00812
00187
00188
02313
02313
01813
00187
01062
00813

.02688

Adj MS
0.0036962
0.0026463
0.0006798

*

* % %

* % *x j
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Pareto Chart of the Standardized Effects
{response is Ra, Alpha = .05)
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L&my Pareto Chart of the Effects 1249 Ra
Normal Probability Plot of the Standardized Effects
{(response is Ra, Alpha = .05)
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Factorial Fit: Ra versus All Factor

Estimated Effects and Coefficients for Ra (coded units)

Term Effect Coef SE Coef T P
Constant 0.29313 0.006046 48.48 0.000
Charging Time -0.02875 -0.01437 0.006046 -2.38 0.049
Plate Speed -0.00125 -0.00062 0.006046 -0.10 0.921
Ceramic Oscillate -0.05875 -0.02938 0.006046 -4.86 0.002
Ring speed 0.01625 0.00813 0.006046 1.34 0.221
Charge Weight 0.00875 0.00437 0.006046 0.72 0.493
Plate Speed*Ceramic Oscillate -0.04625 -0.02313 0.006046 -3.82 0.006
Plate Speed*Ring speed -0.04625 -0.02312 0.006046 -3.82 0.006
Plate Speed*Charge Weight 0.03625 0.01813 0.006046 3.00 0.020
Ct Pt 0.02688 0.024927 1.08 0.317
S = 0.0241831 R-Sg = 91.03% R-Sg(adj) = 79.49%
Analysis of Variance for Ra (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 5 0.0184812 0.0184812 0.0036962 6.32 0.016
2-Way Interactions 3 0.0223688 0.0223688 0.0074563 12.75 0.003
Curvature 1 0.0006798 0.0006798 0.0006798 1.16 0.317
Residual Error 7 0.0040938 0.0040938 0.0005848
Total 16 0.0456235

Estimated Coefficients for Ra using data in uncoded units

Term Coef
Constant -0.063958
Charging Time -0.00115000.
Plate Speed 0.0186667
Ceramic Oscillate 0.0221667.
Ring speed 0.0371667
Charge Weight -0.0206944
Plate Speed*Ceramic Oscillate -0.00123333.
Plate Speed*Ring speed -0.00123333.
Plate Speed*Charge Weight 0.000805556.
Ct Pt 0.0268750

~ A,

ANNNANITIATIESE WUINNTIUNA 3 TTadandana 1Al %MRR loss WANAIAEIN

1
a o L4

NdadnAty tiuAa f1ads A (Charging Time), C (Ceramic Oscillate), BC (Plate Speed
*Ceramic Oscillate), BD (Plate Speed*Ring Speed) W&y BE (Plate Speed*Charging

Weight) Auanau

IPENANNIINNAIAAIRATN LHAINNNINARIUR AD

Ra = -0.064-0.001A+0.221*C-0.0012*B*C-0.0012*B*D+0.0008*B*E...(4.2)

4.3.2.3 NNFAATIZTIUN

1'% | |

: a Aaa A, H 5
NIUNAINIINTLRASNANGANAINasiaAT Ra  Huauisnlgllsunsu

q

A5ag1/lun1s9iAsziina Response Optimizer aanun lHAININg 4.18
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LRAAINAURY Response Optimizer 184 Ra WAy %MRR Loss

Response Optimization

Parameters

Goal Lower Target Upper Weight Import
MRR Loss Minimum 0.00 0.00 1.5 1 1
Ra Minimum 0.25 0.25 0.3 1 1

Global Solution

Charging Time = 75 min
Plate Speed = 35 rpm
Ceramic Oscillate = 15 rpm
Ring speed = 15 rpm
Charge Weight = 18 Kgs

Predicted Responses
MRR Loss = 0.17625, desirability = 0.8825
Ra 0.23312, desirability 1.0000

Composite Desirability = 0.93941
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aguaA N NmeiNaNgaanNIsaanuLLNAaed s Assielilil
A - szaznanluniatldnlaian Aa 75 Wn
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