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Abstract

Currently, the flatness of fiber-cement flat sheets produced from the selected factory does not meet
the customer's specification (8-10.55 um). This leads to many customer claims, of which the estimating
costs may reach 100,000 baht per month approximately. This paper aims to determine an optimal factor
setting of fiber-cement flat sheet process to deal with the issue. Based on the study, the factors concerned
are feeding speed, roll gap, roll pressure, and relative humidity. A split-plot design is then selected since
the feeding speed is a hard-to-change factor. The relative humidity is treated as a covariate factor in the
experiment since it is known but still uncontrollable. The result shows that the feeding speed, roll gap
and pressure, and relative humidity should be set as 60 m/s, 7 mm, 90 bar, and 27.98% respectively. The
flatness obtained from this setting is about 8.73 um. Based on the setting, the factory can improve the

flatness and can handle the claim cost caused by the flatness problem as well.

Keywords: Fiber-cement Flat Sheet, Split Plot Experiment, Uncontrollable Factor, Statistical Analysis

Please cite this article as: K. Duangklang, T. Wuttipornpun, and W. Sukkerd, “Flatness improvement of fiber-
cement flat sheet using split plot experiment with uncontrollable factor,” The Journal of KMUTNB, vol. 28, no. 4,
pp. 737-745, Oct.—Dec. 2018 (in Thai).
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Estimated Effects and Coefficients for Response (coded units)

Term Effect Coef SE Coef T P
Constant 6.265 2.07388 3.02 0.095
Humidity 0.162 0.07407 2.18 0.040
Speed [HTC] -2.167 -1.083 0.06388 -16.96 0.004
Gap 2.999 1.500 0.01665 90.06 0.000
Pressure 0.212 0.106 0.01697 6.24 0.000
Speed [HTC] *Gap -1.055 -0.528 0.01697 -31.10 0.000
Speed [HTC] *Pressure 0.029 0.015 0.01665 0.88 0.387
Gap*Pressure 0.226 0.113 0.02403 4.71 0.000
Speed [HTC] *Gap*Pressure 0.013 0.007 0.01665 0.39 0.699
S = 0.0939703 R-Sq(SP) = 99.77%
S(WP) = 0.123349 R-Sq(WP) = 99.14%
P v o
3U‘VI 2 uanatadevianunveIn1Ivnass

Estimated Effects and Coefficients for Response

(coded units)

Term Effect Coef SE Coef T P

Constant 6.336 2.01575 3.14 0.089

Humidity 0.159 0.07199 2.21 0.037

Speed [HTC] -2.167 -1.083 0.06399 -16.93 0.004

Gap 2.999 1.500 0.01626 92.22 0.000

Pressure 0.212 0.106 0.01657 6.40 0.000

Speed [HTC] *Gap -1.056 -0.528 0.01657 -31.85 0.000

Gap*Pressure 0.225 0.113 0.02341 4.81 0.000

S = 0.0917757 R-Sq(SP) = 99.76%

S(WP) = 0.123788 R-Sq(WP) = 99.14%

'
v ada o

3UN 3 uanaameadeniveddny

Power and Sample Size

2-Level Factorial Design

o = 0.05 Assumed standard deviation = 0.09177

Factors: 3 Base Design: 3, 8

Center Total

Points Effect Reps Runs Power
0 0.15 2 16 0.816027

JUN 4 NadNsNIIMANEINIAVRINTTNRGDU
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Observation

Number of runs up or down: 21
Expected number of runs: 210
Longest run up or down: 3
Approx P-Value for Trends: 0.500
Approx P-Value for Oscillation: 0500

Number of runs about median: 16
Expected number of runs: 170
Longest run about median: 4
Approx P-Value for Clustering: ~ 0.360
Approx P-Value for Mixtures: 0.640
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Test for Equal Variances for RESI

Speed[HTC] Gap Pressure

50 7.0 50{ re——— Bartlett's Test
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Analysis of Variance for Response (coded units)

Source DF Seq SS Adj SS Adj MS F P
Speed [HTC] 1 37.736 37.3839 37.3839 286.63 0.004
WP Error 2 0.327 0.2484 0.1242 14.75 0.000
Humidity 1 0.570 0.0412 0.0412 4.89 0.037
Gap 1 71.767 71.6268 71.6268 8503.93 0.000
Pressure 1 0.357 0.3445 0.3445 40.90 0.000
Speed [HTC] *Gap 1 9.126 8.5462 8.5462 1014.65 0.000
Gap*Pressure 1 0.195 0.1950 0.1950 23.15 0.000
SP Error 23 0.194 0.1937 0.0084
Lack of Fit 16 0.169 0.1686 0.0105 2.94 0.077
Pure Error 7 0.025 0.0251 0.0036
Total 31 120.272
S = 0.0917757 R-Sq(SP) = 99.76%
S(WP) = 0.123788 R-Sg(WP) = 99.14%

3UT 8 NaN15IATIEVAULUTUTIUT Y

Estimated Coefficients for Response
using data in uncoded units

Term Coef
Constant -150.305
Humidity 0.159231
Speed[HTC] 2.35217
Gap 23.0394
Pressure -0.131737
Speed [HTC] *Gap -0.351899
Gap*Pressure 0.0187720

JUN 9 AndulseAvisvesduuunedinanans

fulsINAYRIgNIN0EN esaniaaestiadeden pvalue
anﬂm"m'wﬂ’aﬁ”nﬁ’aﬁﬁy’a"ﬁ (0.05) FeufanuunIs
aflnrnansiildannnsneaesizUsyneuludmeiade
MENTIMUA BNINATITENI 1A INAZITELU
UDIPNTIA UATBNSNATINTENINTLEENVRIGNTAUAL
WIINAYBIGNIA

3.4 fauuunndaaanddildannnismaass

AduUsEANS V0 IILUT DAL VOIRIMUUNI
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AdlmmaRSiiA R-Sq (Adjusted) annn 99% Fsanedis
FuuuneRdinAansd aunsaesuteauuLUsT
Aatuldsann

y =-150.305 + 0.159Humidlity + 2.352Speed
+ 23.039Gap - 0.1317Pressure

Interaction Plot for Response

Data Means
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Interaction Plot for Response
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- 0.3519(Speed*Gap) +0.0188(Gap*Pressure)
(1)
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NgENT ANNAN Uazanly, “nsUsuliennuseudnsudeunuseulngldnisneassaudandenuuudiiennivaululd.”

i Speed[HT Pressure
orp I-clzigh p[sg'é] f?‘er?)] [80:0]
ur . . .

0.91020 ou 50.0 7.0 50.0
Composite
Desirability

0.91020

Response

Minimum
y = 87296
d = 0.91020

Covariates | Humidity = 27.9844

UM 12 HamsBAseRan1iensineuimvsgeay

4. pMsmsinssautadefiuunsan

Tumsmiadeiivmneauesyhmsinneing Wik
Response OptimizerIuIUiLLﬂim Minitab 17 lngiviua
g‘tJqumﬁLﬂiwﬁLTJuLmemﬁwﬁq@ (Minimize) %3
fvaenthyne (Target) 157 8.55 lailasuins wazrimiu
Agaaniteensulél (Upper Bound) 137 10.55 lallasisins
wafldanmsiesinansdslusuil 12

9n3UR 12 9zldAvestadefivunzanly
nszuIuNsIaegnindeiiie Mvunseduasily
msteunsadeaden 60 wnsseund szeseszwing
an3n 7.0 TASIAT WATSEAULTINAYDIRNIA 90 U3
Tnefidosmuquanududinivdueniensudeadenly

'
1

o8l 27.98 Wosidud (Mmmdudinivsdibuioadni
w1910 Minitab lunsdlfifesnsauasluounan)
nmsUSusstadenunanisinseidnann
sxliAinuteuRavenssdesdldindu 8.73
Tulpsiuns ilensdaunsUsuReiidnuldasmielyl
iAfelshmausukeillldnusie nsnaaeumslda
$1UIU 100 fheehs (ThitAnanududaimssewing 27%
89 30% uavideniawizinogefidArAuTudusing
Tnalfeatu 27.98% wiws i 30 fheens ewn
Hafuissmunulalls) udniwaiildundinsesineada
g4 One Sample T-test WWSauileuiuadildainns
4R399 Response Optimizer fafilinanluuds tned

One-Sample T: Response
Test of mu = 8.7296 vs > 8.7296
95% Lower

Bound T P
8.72474 0.31 0.381

StDev
0.01911

SE Mean
0.00349

Mean
8.73067

Variable N
Response 30

UM 13 wanisvaaeunnsatiansldanuase

auuRgIUNIINAERY Ao

Hy = u = 8.72960

H, :u > 8.72960

9IN3UT 13 wude p-value > 0.05 Fslaiufias
auuFgIUvan (Do not Reject H,) WARTIANAYIHISEURR
Flganmsldnussdliuanmsanmiildannsveass
Fanoanuiwanisneassanunsathluldnuasale

5. &3y
nuiATvatuildinismesoudiosmuatiadeild
Tunssurunsndnnssdosusudey ieflazsilils
mnuBsuegluinasifignindmun nande desildl
AaSEURegluYae 8 fie 10.55 lulasiuns wanis
naaesasulaiinlsazdesnimuaseauansaly
nstlounszidios 60 wnsioundt svervinaveagnin
7.0 TadWAT WAZIEAULIINATEIENIA 90 115 lay

o &

avhmananiieududiivsveadonsyideadenly
TndiAnsil 27.98% unfian SsagliildimanuiFeuin
ogi1 8.73 lulasiuns Feogluinaningninsionis uas
MnuafldEdeilidsnuansoandumuiiiaan
nawasuAudlungnnasldfmunsndae
6. inANTIUUITZNA
fAdevovouaailsanunsdiinuiliseiiateya
warliaueyaszilunisaiiunmeass uwazee
VOUANNIAIYTIFINTTUYAAINNTT ALLIAINTINAIENT
unAnendomaluladnszasundmszuasmie fld
auAsIEAlldulUsknsy Minitab 17 Tun1s3msen
Yoya masmauflifetomnviiuilnrusuiiorunu

LY
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