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ABSTRACT ' To minimize the time ordinarily spent in mono filter cigarette design, we
.studied the relationship between major seven independant variables ; filament(X,) and
total denier(X,), porosity of the filter plug wrap(Xs), filter length()g), porosity of the
tip paper(X;) and cigarette paper(Xe) and net weight of the reference cut tobacco(Xy).
Ninty trial numbers were obtained as a results of using rotatable central composite design
and it is analyzed by the multiple regression analysis with stepwise in SAS/pc under
restricted conditions. : ‘
That is, UPD(Y.)=82,96- 3 80X1+2 S0X;~ 3.29X; ~ 3.15X; - 0 83X22+1 88X:Xs ~ 1 38

XsX,(R*=0.63), EPD(Y,)=120.91- 5.70X;_+3.60X;+4.23X4 0,93X:+4.06X,(R*=0.84),
TVR(Y:) =49.70 - 0.78X;+ 3.60X:+ 2.00X,+ 4.20X; - 0.93X+ 2.'64‘X7 - L07X:X;+ 1.01X,
- X5+ 1.05X:X6+0.45X % - 0.64X.2+ 1.29X.Xs — 0.97X. X7~ 1.28X:Xs+ 1.53X:X, + 1.39XX;(R?
=0.65), and EVR(Y,) =3.24-0.21X; - 0.20X, ~ 0.24X;+0. 67X, +0.26X.Xs (R*=0.55),
_where EPD ; encapsulated pressure “drop, UPD ; unencapsulated pressure drop, TVR §
tip ventilation rate, and EVR ; envelope ventnlatlon rate. All variables in the model
are sngmﬁcant at the 0.05 level ’
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Table 1. Coding of independent variables used in developing experimental data for central compo-

site design
Variables Symbols Coded values

-3.36 -1 0 1 336 -
Filament denier X, 21 25 2.7 29 33
Total denier Xz 33,000 37,900 40,000 42,000 47,000
Plug wrap porosity (CUD* Xy 1,300 11,380 15,650 19,900 30,000
Filter length (mm) X5 20.0 23.5 25.0 26.5 30.0
Tip paper porosity (CU) Xs 500 1202 1500 1797 2500
Cigarette paper porosity (CU) Xs 10 31 4 49 70
Net weight (mg) X; 600 670 700 730 800

# CU: CORESTA Unit as a degree of air permeability (cm/min Cbar).

Table 2.- Combination of variables and levels used in the central composite design for response

surface analysis

Treat— . 7 Independent variables ] ] Dependent variables
ment Fd -Td . Pw Fi Tp Cp Nw EPD UPD TVR EVR
No Xy . Xy X; X X X5 ] X7 Yl Y, Y, . Y4 .
1 -1 . -1 -1 1 -1 1 1 92 127 39.9 4.8
2 -1 -1 . 1 -1 - 1 -1 1 81 123 54.3 26
3 -1 1 -1 -1 1 1 -1 99 124 30.2 56
4 -1 1 1 1 -1 -1 -1. 91 132 489 22
5. 1 -1 -1 - -1 -1 -1 -1 . 80 . 106 375 29
6 . 1 -1 1 1 1. 1 -1. 75 114 53.8 4.7
7 1 1 -1 1 1 -1 1 76 126 577 25
- 8 1 1 1 -1 -1 1 1 80 116 477 43
9 0 0 0 0 0 0 0 81 121 53.1 22
10 -1 -1 -1 1 1 -1 1 85 134 54.3 4.0
11 -1 -1 1 -1 -1 1 1 81 115 384 47
12 -1 1 -1 -1 -1 1 101 127 38.2 3.0
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vre g AY A&l 23 Mono Acetate BE wH] A B4 4=

No X X X Xs X Y, Y Y Y,
51 1 -1 1 -1 1 1 1 67 114 62.7 2.9
52 1 1 -1 -1 1 -1 -1 76 111 49.0 34
53 1 1 1 1 -1 1 -1 69 106 53.8 36
54 0 0 0 0 0 0 0 85 124 419 25
55 -1 -1 -1 -1 -1 -1 1 89 126 505 35
56 ~1 -1 1 1 1 1 1 76 127 615 43
57 -1 1 -1 1 1 -1 -1 80 129 59.6 1.8
58 -1 1 1 -1. -1 1 -1 87 121 456 43
59 1 -1 -1 1 -1 1 -1 82 112 416 3.0
60 1. -1 1 -1 1 -1 -1 64 101 56.5 2.0
61 1 1 -1 -1 1 1 1 73 112 59.8 32
62 1 1 1 1 -1 -1 1 81 128 533 2.7
63 0 0 0 0 0 0 0 91 124 404 44
64 -1 -1 -1 -1 1 1 1 84 130 57.1. 28
65 -1 -1 1 - 1 -1 -1 1 80 - 123 54.8 23
66 -1 1 -1 1 -1 1 -1 8. 125 50.2 29
67 -1 1 1 -1 1 -1 -1 74 119 694 15
68 1 -1 -1 . 1 1 -1 -1 70 110 522 2.1
69 - 1 -1 1 -1 -1 1 =1 74 103 435 45
70 1 1 -1 -1 -1 -1 1 88 119 407 31
71 1 11 1 1 1 1 67 123~ 682 33
72 0 0 0 0 0 0 0 86 122 40.4 3.8
73 336 0 0 0 0 0 0 77 113 47.1 33
74 -336 0 0 00 0 0 0 94 142 51.2 29
75 0 33 0 0 0 0 0 8 133 494 24
76 0 -33 0 0 0 0 0 70 107 487. 2.7
7 0 0 336 0 0 0 0 . 69 120 702 16
78 0 0 -336 0 0 0 0 99 122 318 38
79 0 0. 0 336 0 0 0 98 143 452 36
8 0 0 0  -336 0 0 0. 89 12 322 44
81 0 - 0 0. 0 33 0 0 87 126 478 - 26
82 0 0. 0 0 -33 0 0 9% 125 360 41
83 0 0 0 0 0 336 0 83 122 474 57
8 0 0 o0 0 0 -33 0 8 124 504 09
85° 0 0 0 0 0 0 336 86 133 52.7 38
86 0 0 0. 0 0 0 -336 82 114 46.0 26
87 0 0 0 0 0 0 0 83 121 488 2.9
88 0 0 0. 0 0 0 0 88 124 46,0 28
89 0 0 0 0 0 0 .0 81 . 119 509 44
90 0. 0 0’ 0 0 0 0 83 119 467 36
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Table 3. Analysis of variance table showing the effect of treatment variables on the response variables
as-a function of UPD(Y:), EPD(Y,), TVR(Ys) & EVR(Y.) '

Source DF Sum of square Mean square F ProbF
UPD Regression 7 4099.027 585.575 20.27 0.0001
(Y. Error 82 2368.794 128887 - |

Total 89 6467.822 '
EPD Regression 6 7181.080 1196.846 7357 0.0001
(Y. Error R ! 1350.208 16.267 '
Total - 89 8531288 |
TVR Regression . 6 3885983 647.663 16.68 0.0001
(Y)) Error 83 - 3222.752 38828

' Total 89 7108736 '

EVR Regression 5 55.689 11137 20.70 0.0001
(YD) Error 84 45.207 0.538
' “Total 89 100.897
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Table 4. Regression and determinant coefficients of the dependent variables

Coefficient Dependent Variables

UPD(Y,) EPD(Y,) TVR(Y,) EVR(Y.)

intercept 82.960 120.910 49.700 3.240
Xi - 3.799 - 5.697 0.780 0.000
X, 2.498 3.595 0.000 0.000
Xs -3.288 0.000 3.600 -0211
X 0.000 4228 2.002 -0.201
Xs - 3.150 0.000 4204 -0.244
Xs 0.000 - 0931 -0931 - 0.670
X, 0.000 4.062 2.643 0.000
X/ -0.833 0000 0.454 0.000
X1z 0.000 0.000 -1073 0.000
Xy 0000 0000 1.012 0.000
X 0000 0000 1.053 0.000
Xf ~ 0.000 0.000 - 0.641 0.000
Xe 0.000 0.000 1.291 0.000
X, 0.000 0.000 -0.974 0.260
Xes - 1875 " 0.000 -1281 0.000
Xe - ~1375 . 0.000 1.529 0.000
Xe - 0000 0.000 1.392 0.000

R? ' 0.63 . 084 0.65 0.55
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Fig.1 Three - demension response surfaces illustrating 'comparative effects of major two variables ;
a : Encapsulated Pressure Drop(EPD, Y:). b : Unencapsulated Pressure Drop(UPD, Ys),

¢ Tip Ventilation Rate(TVR, Ya). d : Envelope Ventilation Rate(EVR. Ya)
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Table b, Regression analysis of _obseNed and prédicted values in cigaretle design

Source 88 df

MS F P
Total - - 2559.384 25 S _
UPD - Regression | 1989.169 2 994.584 40.117 0000 % *
Yy X1 1874967 1 1874967 - 75628 0000 * * *
X2 S 1202 - 1 114.202 - 4606 0426%
Erfor . - 570214 23 24.791
Total . = 2417407 . 26 .
EPD - Regression 2044.004 1 2044.004 136849 0000 % #* *
) x1 2044.004 1. 2044.004 136,849 0000% % *
" Emor 373403 %5 14936 '
Total 2043629 . 2 o ) ,
TVR Regression . . 1283445 1 . - 1283445 42208 0000 % * *
(¥) X1. 1283445 1 1283445 42208 0000 * * *
" Error 760184 . 2. 30.407
. Total | 20523 . 2 | | |
EVR Regression 14.275 1 14275 57.114 . 0000 % *
) X1 4275 1 14.2755 - 57.114 0000% * *
 Bmror , 6248 ‘2-5 ‘ - A ‘ -

-0.250
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Fig. 2 Distribution of predicted and oberved values of the responses following the changed
conditions 3 a : Unencapsulated Pressure Drop(UPD. Y,), b : Encapsulated Pressure
Drop(EPD, Y2), c : Tip Ventilation Rate(TVR, Y3), d : Envelope Ventilation Rate(EVR,

¥4).
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