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The objective of this paper is to reduce defectives due to their appearance in a
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are used to determine root causes, which include 4 parameter settings within a spinning
machine - cabin pressure, die temperature, cooling temperature and suction speed. We
used 2" factorial design to screen parameters and Box-Behnken design to fine-tune the
parameters.
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2.1 NORHINLITAY
2.1.1 nMgaaNLUUNITNAKRY ( Design of Experimental)
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NN3RANLULNNINAAYAREITUNAnaEaa An lHdignTdetinaunsmanannn
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ANT99 2.1 LATANUNIELINLALALAIUTUNNRRNLULITILW ANaBuauLy 2°

Factorial Effect

' Treatment = i

Combination I A B C AR AC BC ABC
a + + - - - - + N
b + - + - - + - +
c + - - + + - - +
abc + + + + + + + +
ab + + + - + - - -
ac + + - + - + - -
bec + - + + - - + _
() + - - - + + + -

2.1.1.2 FENSWURIAA LNV AN IENUNIZANRINTELIUNNS
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yzﬁo"'gﬁixi+g:8iixi2+i2}zﬂijxixi+g (2)

7 |-

Expocted yield Ely)«n
-

x, = Temperatare °CI

Expected yield E(yl = n

gl 2.1 Mufosauanili uaznanidulaseiaesiuioney (Usua ginn, 2545,
P450-451)
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AANLLLNLRNAADL (Response Surface Design)
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2.1.3 NFTUAUMSHARKEN L3N

4332 VRARGNAR [3] 1HNANDNNIZLAUNINAREN 1N FenTsUaunINARLLL

1 v
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NARNATA1E (Spun Bond) T9BNTUKNTA Uane A.A. 1950 Audefiu A.A. 1960 IALNTNAR
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2.2 MUIRANLNLIURY
Jun Jia [4] 18a3Unenszinunisiian1sanataddn e 1usendnanseuaunisatluiig

aunsnasuneamg lAifluaasnszuaunig b

1). ANHEANAIAAIN AN LUTIEIR (Cohesive Failure) uay

2). ngrAaINgaeAan (Capillary wave break)
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" >
0 Xgoh X
Distance from spinneret
9171 2.3 N131fin Cohesive Failure (Jun Jia, 2010)
ANVRANABN LNA Capillary Wave Break NN 9aNNLUNITINALINANN] LWAYNRINN1T

TareduleaanuianndnHIzIeIuen LAZNAN1IATW AIgLT 2.4

e O

Distance from spinneret

gﬂ‘ﬁ 2.4 N131nA Capillary Wave Break (Jun Jia, 2010)
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aei14lanmIN N13AAN13I1AEesaNn  Capillary Wave Break Rlanndiintiaasin
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extruder

YA

Fig. 1 Production of nonwoven materials. Left: spunbond plant (© NEUMAG), Right: sketch of production process (© FLUENT)

917 2.6 nsvununsnaniinline matulatiias NEUMAG ( Dietmar Hietel uay

Marheineke, 2005)
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77 2.7 urunifinadan (lafisn fiaud, 2551)
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FNINA 2.2 NATBNAMANTTRTIING NAIAINNszUauNIsIugLiinline (Rammohan

Nanjundappa kas Gajanan S. Bhat, 2005)

Filament Peak Peak
Throughput diameter Crystallinity Crystallite Birefrin%ence stress extension
(g/hole/min) (1075 m) by DSC (%) size (A) (107 (g/tex)* (%)*
0.15 193 423 43 16.6 21.3(134) 376 (14.0)
0.25 174 436 65 23 24.0(19.1) 312(13.1)
0.35 177 436 66 230 23.7(16.7) 297 (13.9)
0.43 184 439 86 20 25.2(12.6) 29 (13.1)

* Percentage coefficients of variations are given in parenthesis.

AN 3.2 1w lEmaaesasuulaaAn Bunnusdy vie Throughput Faus
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Residual Versus the Order of the Data
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Residual Versus Fits of the Data
(response is saaazuavi&e)
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Junsnmaes 2* Fractional Factorial Design ARaN13nAa89sdnnsIei 4.4

A1519% 4.4 nan1Imaaed 2° Fractional Factorial Design
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7 30000 225 33 2100 505
8 24000 215 27 1500 415
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Pareto Chart of the Effects
(response is saaazuastae, Alpha = 0.05)
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Term Constant  Effect Estimate ~ Sum of square Percent Contribution
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Minitab

Source
Regression
Linear
Square
Interaction
Residual Error
Lack-of-Fit

Pure Error
Total

Response Surface Regression:

Estimated Regression Coefficients

SE Coef
832.611

0.113

8.469
.890
.000
.023
.063
.001
.001
.051

1

O O OO OO o

Defective versus A, B, C

ly
7.070
-2.110
T N34
-4.296
5.019
.062
.549
.326
.340
L3097

O O OO OO o oo o

N P O WD

PRESS = 36.8352
64.70% R-Sq(adj)

Term Coef
Constant 5886.60
A -0.24
B -44 .36
C -46.78
A*A 0.00
B*B 0.09
C*C 0.29
A*B 0.00
A*C 0.00
B*C 0.12
S = 0.619445

R-Sg = 98.16%

R-Sqg(pred)

=]
]

[y

SN W OTWw W

Seq SS
102.422
12.321
84.775
5.326
1.919
1.231
0.687
104.341

Analysis of Variance for Defective

Adj SS
102.4224
32.1029
12.4607
5.3262
1.9186
1.2314
0.6872

The analysis was done using uncoded units.

P

.001
.089
.003
.008
.004
.010
.006
.758
.238
.062

for Defective

Adj MS

il
10.
.1536
1.7754
0.3837
0.

0.3436

4

3803
7010

4105

94.

29.
27.
10.
.63

66
89
82

.19

O O OO

.001
.002
.013
.066

.486
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Main Effects Plot for Defective
Data Means
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, A B C
Opt,'Dma' Hi 3000.0 225.0 33.0
Cur [2660.6061] [219.8485] [29.7273]
2400.0 215.0 27.0

1.0000 [ow
\ N AN

Composite
Desirability
1.0000

Defectiv
Minimum
y =-0.2496
d = 1.0000

717 4.11 navinavesnisieridu Response Optimizer ullsunsu Minitab

Predicted Responses

Defective = -0.325761 , desirability = 1.000000

Composite Desirability = 1.000000

Global Solution

A = 2660.61
B = 219.848
c = 29.7273

Predicted Responses

Defective = -0.325761 , desirability = 1.000000

Composite Desirability = 1.000000

917 4.12 navasn 9 14§Waridu Response Optimizer lulilsunss Minitab
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fladtl A (Cabin Pressure) fiszs 2660.61 Pa.

1148 B (Die temp) fiaxf 219.85 aeALTalTeE

1lad#l C (Cooling Air Temp) Tiaxi 29.73 aeALTadea

LAZANANIT 5.4 aNNNIATNANNNTILLAaedNsnnnes e 1110 a
dntszAvsreanmanedlfsel
Y = 5886.5967 - 0.2375 X, - 44.3558X, — 46.7817X, + 3.1453E-05X,” + 0.0916 X, +

0.2851X.” + 0.0002 X, X, + 0.0011 X, X, + 0.1219 X X,
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3 PD-W-N221 SB Shutdown 1
4 PD-W-N222  |n17 Clean filter Vacuum unit 1
5 PD-W-N223 Validation Co-Extruder Throughput Co-Extruder 2
6 PDW-N250  |nsulaens Screen 1 ASC d1wF SB BEAM 2
7 PDW-N260  |nnsulfens Screen 1 ASC 7451 MB BEAM 2
8 PD-W-N271 Extruder Temp Setting 1
9 PD-W-N272 N7 Shutdown SB Extruder 1
10 PDW-N273 |17 Shutdown (ianin SSMS Grade 4
1" PD-W-N274  |N17 Pre-Start Extruder 1
12 PDW-N275 SB Extruder Decoking 2
13 PD-W-N276  [MB Shutdown 2
14 PD-W-N277  |nn7 StartMB Hot Air 1
15 PDW-N27E Resin Change 2
16 PDW-N279  |Start up Shut Down Weighung&M ixing Operation 3

3 nizu'aumimm'a‘w%e (Stretching process )

No Code Description SOP No. 8 Total pages
1 PDW-N300  |nn31/5u SAS GAP #iutinann 1
2 PD-W-N301 SAS Plate Cleaning 1
3 PD-W-N302 Diffuser Cleaning 1
4 PD-W-N303 Diffuser Opening and Closing 1
5 PD-W-N304 SAS Gap Adjusting 1
6 PD-W-N305 |n17 Clean Intermediate Channel 1
7 PD-W-N306 CG Filter Cleaning 1
8 PD-W-N311 AsAens Mesh CG 2
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4 n'a‘zmum'a‘il'rujﬂﬁm.mBﬁ'aul,ﬁm'h {(Web forming & M-Roll production)
No Code Description SOP No. 33 Total pages
1 PD-W-N401  |A17 Pre-Start Web Forming(lsiianwin 2) 1
2 PD-W-N404 Ironing Start-up and Shut-down 2
3 PD-W-N405 Ironing Temp Setting 1
4 PD-W-N406 Color Change (to Natural) 1
5 PD-W-N407  |Caolor Change (to Color) 1
6 PD-W-N410 Emboss Edge Air Nozzle Operation 1
7 PD-W-N412  |n17 Start Up Calender Roll 2
8 PD-W-N413  |n17 Start-up LLaz Shut-down ES Rolls 1
9 PD-W-N414 Magnet Control 1
10 PD-W-N415 Emboss Heat Up 1
11 PD-W-N416 Emboss Roll Damage Inspection 2
12 PDW-N417  |n170perate E S Rolls Nipping 1
13 PDW-N418  [n13#9A1Cooling Air Temp. 1
14 PD-W-N419  |Line Speed Setting 1
15 PDW-N420  |Cabin Pressure Setting 2
16 PD-W-N421 Alarm Notification 1
17 PD-W-N422  [Print-out Condition and Check 1
18 PD-W-N424  |n131de11 Jumbo Roll Carrier 2
19 PD-W-N430 Magnet Cleaning 1
20 PD-W-N431 N13¥NANNAZRA Oil Filter 284 Qiling Pump %14 S-Roll Heat Medium Line 1
21 PD-W-N432  |n17 Clean Y-5trainer Increase Pressure in Emboss Heat Medium Line 1
22 PD-W-N433  |n17 Clean Y-Strainer in S-Roll HeatM edium Line 1
23 PD-W-N434 SB suction cleaning 1 1
24 PDW-N436  |nnsm3naaau Bote waznisudladiewundnuiatng 1
25 PD-W-N440  |n17 Pre-Start Winder 1
26 PD-W-N441 N17 Start UP Winder 1
27 PD-W-N442  |WinderManual - Automatic mode change 1
28 PD-W-N443  |Lump and Metal Defector Record 1
29 PD-W-N444 Lump Detector Operation 1
30 PD-W-N451 n13calculation andcontrolBasisWeight 1
31 PD-W-N452  |Color Check 2
32 PD-W-N453 M-Roll Quality Inspection 5

33 PDW-N454  |A133AN1M -rol A ALaa
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5 N§EUAIUNTBARLNENAaUARLAY (St roll production process )

No Code Description SOP No. 23 Total pages
1 PD-W-N500  |nnsusiaunisnieunis shit 3
2 PD-W-N501 N17 Operate crane winder 1
3 PD-W-N502 N7 Operate Cradle - Roll Riser 1
4 PD-W-N503  |M-Roll Take 1
5 PDW-N504  |M-Roll guide 2
6 PDW-N505  |Load M-Roll 1
7 PD-W-N506 |17 Feed Mother Roll an Unwinder Liéia Slitter uaz Rewinder 2
8 PDW-N510  [nsnlAeulufiaaesge pneumatic & CK 2
9 PD-W-N519  |n17 Cardboard Cleaning 1
10 PD-W-N520 |anssalufimuaznsiaaaumna siit pattern 4
11 PD-W-N521 nNIR39aLTA Contact Pressure 1
12 PD-W-N540 N1IAILAN slitter Wazn THAR slit roll 4
13 PDW-N542  |An7197% roller corveyer 2
14 | PDW-N543  [nsulaensludinasstn Pneumatic. 1
15 PD-W-N544  |Unloader cleaning 1
16 PDW-N545  |AnTwidesl Shaft core 4ax Paper core A5y slit 1
17 PDW-N546  |Cardboard Cleaning. 1
18 PD-W-N547  |Pack Material Management 1
19 | PDW-N548  [nistlsznaudion WRAPPING FILM 4i#384 STRETCH FILM 1
20 PDW-N549  |Anssndian Off Spec 3857 scrap 74 1
21 PD-W-N550  |nnsmnmanugzans Optical Detector 1
22 PDW-N580  |Ansui3eial Shaft core Laz Paper core AU slit 2
23 PDW-N591  |nswinsiauaantzauazilaidales 1

6 nerLRUATUINA LN kT bial (Recycle process )

No Code Description SOP No. 5 Total pages
1 PD-W-N600 ANTLATUANWARNN T start recy cle machine 2
2 PD-W-N610 Start Up & Shut down for Recy cle Machine 2
3 PD-W-N620  |Anmulfiems Cutter A19FuA AR Repellet 2
4 PD-W-N630 AT/AE screen duTl Recycle machine 2
5 PDW-NB40  |An73mnnaean@Avnasninan Recycle machine 1
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7 NSAMATENAENRAUNTFHAR (Die preparation)

No Code Description 14 Total pages
1 PD-W-N700 Pre-heater opertion 1
2 PD-W-N701  |n17 Clean die SB 1
3 PD-W-N702 |13 Flushing SB 1
4 PD-W-N703 N1T086 SPINNERET wazni1ilsznay SPINNERET 5
5 PD-W-N704 ’Fumumﬂm,ﬁw,ﬁﬂmmmmm SB DIE 2
6 PD-W-N705  |Plug SB Die 1
7 PDW-N706  |[Tumaun13CLEANING SB DIE PACK 1
8 PDW-N707  [38n1sl4Aeq Ultrasonic 2
9 PDW-N708  |An71%411 Hoist #184 Die Cleaning 1
10 PDW-N709  |A17 Clean Uaz n13tznadAir Knife 2
" PD-W-N710  |MB Flushing 1
12 PDW-N711 MB Extruder Decoking 1
13 PD-W-N712 ”E’uﬂﬂuﬂ’?‘é‘m’?,ﬁﬂﬂ,ﬁ’lﬂ’J’TNﬂZﬂ’T@ MB Nozzle 2
14 PD-W-N713  |n17 Inspection Die Tip 1

8 Utility operation

No Code Description SOP No. 9 Total pages
1 PD-W-N8&10 N17 Operate 721U PW 2
2 PD-W-N812 N7 Pre-start Cooling Tower 3
3 PD-W-N813 N17 Operate Pressure supply fan 1
4 PD-W-N814 back wash 1
5 PD-W-N815  |n17 Clean backet Strainer 1
6 PDW-N817  |nnauaniiinGae 1
7 PD-W-N820  |n17 Set Timer Chemical 1
8 PD-W-N&21 117 Check WAz Set A1 Conductivity

9 PD-W-N832  |n17 Operate Chiller

9 nsEuIUNITN Wl (General operation for NW)

No Code Description SOP No. 6 Total pages
1 PD-W-N900  |Cutter Blade Management 1
2 PD-W-N901 Hook Management 1
3 PDW-N902  [nsmaumnlufia Cutter f1wFU Test Lab 2
4 PD-W-N903  [Issue Mother Roll Direction 1
5 PD-W-N904  |n17 Issue Label Information 1
6 PD-W-N905  |f1s#214n13%1 Production Order 3
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