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ABSTRACT

The cigarette ventilation affects not only the amount of tar and nicotine delivery by a cigarette, but
also the ééff)position of the smoke. Therefore, it is important to stabilize of variability in cigarette ven-
tilation that would be affected by changes in cigarette components.

This work was conducted to determine the major factors that influence the cigarette ventilation and
also to provide fundamental informations for improving the uniformity of cigarette performances. To
evaluate the effect of cigarette ventilation as a dependant variable, the three independent factors were
the air permeability of plugwrap, tipping paper and the filter pressure drop. We determined the effect
of paper permeability on ventilation variability and the optimum condition in combinations of inde-
pendent factors.

The mean of cigarette ventilation was increased as plugwrap permeability increases, particularly at
26,000 CU. However, it was exhibited that standard deviation and coefficient of variation of the cig-
arette ventilation were decreased with increasing plugwrap permeability. At the 600 CU and 1,200 CU
of tipping paper permeability, process capability index (Cp) of the cigarette ventilation increased as
plugwrap permeability increases. Following the optimum condition of cigarette ventilation induced by
fitted regression equation, one way to optimize 50% ventilation level is by combination with plugwrap
permeability of 16,000 CU, tipping paper permeability of 810 CU, filter pressure drop of 319 mmH,0,
respectively.
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Table 1. Physical properties of plugwrap and tipping paper

Physical properties Plugwrap paper
Air permeability (CU) 6,500 9,500 12,000 16,000 20,000 26,000
Thickness (ym) 60 61 62 63 64 65
Basis weight (g/m?) 26 25 25 24 24 23
Tensile strength (kg/15 mm) 3.1 30 28 2.7 24 2.3
Elongation (%) 1.6 16 18 1.9 20 21
Physical properties Tipping paper (4 line, 18 hole, laser perforation)
Air permeability (CU) 600 800 1,000 1,200
Thickness (zm) 43 46 47 50
Basis weight (g/m?) 35 36 36 38
Tensile strength (kg/15 mm) 2.5 26 2.5 27
Elongation (%) 12 13 I.1 15
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(a) Perforated tipping paper (b) Plugwrap of 6,500 CU (c) Plugwrap of 26,000 CU
Fig. 1. Micrographs of tipping paper and plugwrap ( x 100).

Cigarette part Table 2. Combinations of the experimental design

L Filter tip . o
il i ) et} R ;
' ' —— Plugwrap  Tipping paper T Filter pressure drop
L L permeability permeability (mmH.0)
(910)) (CU) :
Air ventilation holes (laser pertoration)
Tipping Paper 6,500 600 300
Cigarette Paper 6,500 800 300
6,500 1,000 300
6,500 1,200 300
9,500 600 300
Plugwrap paper
9,500 800 300
Fig. 2. Diagram of the cigarette’s construction. 9.500 1,000 300
9,500 1,200 300
AFAA 13 mm2] o34 e & Azt E3 F 12,000 600 350
#A) E7)% 60 CU(m®/min., cm? - kPa)E ARE-3t 12,000 800 350
AR Zo) 60 mm, ¥F 24.2 mm, BAFA) 645 12,000 1,000 330
+10 mg/cigarette, FUAF 55+3 mmH,0& 414 12,000 1200 350
3 ohS UEE §21819] 84 mme] FAIFHE 2 16,000 600 315
o& A zstact 16,000 800 315
16000 1,000 315
16,000 1,200 330
2.2 A4y 20,000 600 300
20,000 800 300
A@ehilE 1SO 3402 BZ2ZAY wi 22T, 20,000 1,000 300
60% RHE 29 FF&AolA 2315 & 3715 20.000 1,200 300
g FEHZIAY, B =5 EHsAt 37134 26 000 600 325
£2 IS0 95129 Wt ¥ Filtronaite] QTM5S 26,000 800 325
olgstol ZstHon UL UNT F758 26000 1000 325
26,000 L 1,200 325
AN VF x 100
I Total flow(V,
> i Filter vensilasion (%) = ~———

Filter ventilation(Vf)

Fig. 3. Principle of the ventilation measurement.
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Fig. 4. Scatter plot of permeability of plugwrap, tipping paper and filter pressure drop for cigarette

ventilation rate.
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Table 3. ANOVA table for significance test of regression model

Hx

- Fol7]& 33(1) 2001

Experiment 3 factor, 1 blocks, 479 runs ; MS residual = 18.36912
design (A : Plugwrap permeability, B : Tipping paper permeability, C : Filter pressure drop)
Factor SS df MS F p
(MA@L) 11791.88 1 11791.88 641.9403 0.000000
A@Q 7374 .44 1 7374.44 401.4586 0.000000
()BL) 4898.69 1 4898.69 266.6805 490335
B(Q 42290 1 42290 23.0226 000002
3Ccm 367571 1 3675.71 200.1026 0.000000
CQ) 6622.71 1 6622.71 360.5351 0.000000
1Lby2L 651.40 1 651.40 35.4619 000000
I1Lby3L 6251.83 1 6251.83 340.3445 0.000000
2Lby3L 61.72 1 61.72 3.3602 67423
Error 8615.12 469 1837
Total SS 46808.18 478
3 factors, 1 block, 479 runs, MS residual = 18.36912
® < 2ok BF, "EFUAZ U2 37348
o e . 2%} 2| YEiE Uehh et
P I U Foldl alArel RYAE Hsh] A3 AR
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-1535 40 45 50 55 60 65 70 75 80 @6Pﬁq T ble 30:"1\—12}‘ @’0] g]?]E'd”] Z:‘—{}-/H a
Predicted values =& R BAEMRE *ahﬂi“d, P-value?} 0°] 7|
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Fig.5. ANOVA for significance test of scatter

plot for residual.

Table 4. Regression coefficient of goodness of fit for cigarette ventilation rate

Experiment 3 factor, 1 blocks, 479 runs ; MS residual = 18. 36912
design (A : Plugwrap permeability, B : Tipping paper permeability, C : Filter pressure drop)
Factor contticient Hemor 1(469) P Caf Limt. Caf. Lt
Mean/Interc. 5798.527 301.8059 192128 0.000000 5205.468 6391.586
(DAL -052 0030 -17.7550 0.000000 -058 -.047
AQ) -000 0000 -20.0364 0.000000 -000 -.000
2)B (L) ~012 0171 -.6903 490335 -045 022
B(Q) 000 0000 4.7982 000002 000 000
3Ccw -33.586 1.7636 -19.0443 0.000000 -37.052 -30.121
(o) (0)] 047 0025 18.9878 0.000000 043 052
1Lby2L 000 0000 5.9550 000000 000 000
1Lby3L 000 0000 18.4484 0.000000 000 000
2Lby3L -000 0000 -1.8331 67423 -000 000
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3 factors, 1 block, 479 runs, MS residual = 18.36912

p=05

(1A (L)
A(Q)
c(Q)

1L by 3L

(2)B(L)

(3)c(L)

1L by 2L
B(Q)

2L by 3L

22

-

///%Z%///////% 18.33030

25.33054

-20.0304

19.44843

15 20 25 30

Effect estimate (Absolute value)

* A: Plugwrap permeability, B: Tipping paper permeability, C: Filter pressure drop

Fig. 6. Pareto chart of standardized effects for cigarette ventilation rate.
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Fig. 8. Predicted value optimizing pattern distribution by independent variables for 50% cigarette

ventilation rate.
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Table 5. Levene’s test for the cigarette ventilation rate by the plugwrap permeability
(ANOVA on absolute within-cell deviation scores)
General ANOVA Degrees of freedom for all F's : 5,474
MS effect MS error F p-level
Ventilation
39.79580 12.68456 3.137341 008492
Table 6. Levene's test for cigarette ventilation rate by the permeability of plugwrap and tipping paper
. Effect : Plugwrap permeability + Tipping paper permeability
Visual GLM Degrees of freedom for all F's : 23,456
MS effect MS error F p
Ventilation
187 7.10 2.64 00
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Fig. 9. Box & Whisker plot of the cigarette ven-

tilation rate by the plugwrap permeabil-

ity.
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Fig. 12. Line plot of process capability index
(Cp) by the permeability of plugwrap
and tipping paper (600 CU, 1,200 CU).
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Table 7. Basic statistics of the cigarette ventilation rate by the permeability plugwrap and tipping paper

Plugwrap Tipping paper Ventilation Ventilation Ventilation
permeability permeability average standard coefticient of
[(e10)} (CU) (%) deviation variation
6,500 600 3801 6.978 18.361
6,500 800 38.15 5.941 15.572
6,500 1,000 39.75 4.051 10.190
6,500 1,200 4425 5.130 11.594
16,000 600 50.30 2677 5323
16,000 800 5220 3488 6.683
16,000 1,000 56.65 4332 7.647
16,000 1,200 60.62 4.178 6.892
26,000 600 58.40 2.062 3531
26,000 800 61.85 2.681 4334
26,000 1,000 66.70 3.988 5979
26,000 1,200 73.97 2877 3.890
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Fig. 13. Histogram of process capability index for cigarette ventilation rate by the plugwrap perme-
ability (6,500 CU, 16,000 CU, 26,000 CU) in tipping paper permeability of 600 CU.
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Fig. 14. Histogram of process capability index for cigarette ventilation rate by the plugwrap perme-
ability (6,500 CU, 16,000 CU, 26,000 CU) in tipping paper permeability of 1,200 CU.
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