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Abstract— The mathematical models have been developed to calculate the cigarette weight and to optimize the qualities
of cigarette affected by fluctuations of filling power on the control system of the cigarette maker. Even if Wochnowski's
model of these is useful in practice, it has the mathematical faults. Therefore, in this paper we have developed the im-
proved model and applied it to the control system of the cigarette maker. This new model is very useful enough to opti-
mize the cigarette weight and to minimize the variation of the cigarette qualities by the fluctuations of filling power.
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Fig. 1. Schematic diagram of the cigarette maker's control system.

Table 1. Wochnowski's regression plane equations

Y,=H=-0.0027 W - 0.0706 F+6.665 mm FR
Y,=P=0.152 W+4.58 F - 137.6 mm WG
Y:=p.p.c.=0.0178 W+0.0856 F — 6.23 p.p.c.
Y,=Ni=0.001 W+0.0104 F — 0.27 mg/cig.
Y,=C0=0.016 W+0.408 F - 6.8 ml/cig.
Y,=DC=0.0039 W+0.285 F+8.46 mg/cig.
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Fig. 2. Percentage changes affecting the cigarette characteristics.
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. Table 2. Evaluated individual characteristics of regression plane equa-

tions
Before expansion Units Aﬂef Weighting
expansion factors
Yyoi-Cigarette hardness H(mm FR) N} k,
Yo-pressure drop P(mm WG) Y2 k,
Yo-bumn rate puffs per cigarette p-p.c Y3 ks
Yos-nicotine in smoke Ni(mg/cig.) Ya k,
¥es-CO in smoke CO(ml/cig.) ¥s ks
Yos-dry condensate in smoke DC(mg/cig.) Yo ke
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Fig. 3. Accumulated changes of quality parameters as function of ci-
garette weight.
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Table 3. The optimized cigarette weight with two mathematical models
at k, kr-k=1, W=900 mg, F,=27.9 mmFR and F=30.9 mmFR

New model
Model Wochnowski's Optimized Error(mg)”
: timize
model(m,
k, (me) Eq. ©) solutions(mg)
0 869 >0 856 +13
1 849 >0 846 +3
5 825 >0 827 -2
©0 808 >0 806 +2

YError=(optimized cigarette weight with Wochnowski's model)
— (optimized cigarette weight with new model)

Table 4. The optimized cigarette weight with two mathematical models
at k;, k;-k=1, W;=900 mg, F,=35.9 mmFR and F=40.9 mmFR

New model
Model Wochnowski's Optimized  Eror(mg)”
model(mg (9 ptimize

k, (mg) Eq. ©) solutions(mg)

0 880 >0 816 +64

1 834 >0 807 +27

5 784 >0 788 -4

0 749 >0 750 =1

1)Error=(optimized cigarette weight with Wochnowski's model)
— (optimized cigarette weight with new model)
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Table 5. The optimized cigarette weight with two mathematical model
at ki-ke=1, W;=900 mg and F,=27.9 mmFR

New model
Model Wochnowski's Optimized  Erto r(mg)”
timiz
model(mg (9
F(mmFR) (mg)  Eq. ) solutions(mg)
30.9 849 >0 846 +3
359 769 >0 757 +12
40.9 686 >0 667 +19

Error=(optimized cigarette weight with Wochnowski's model)
— (optimized cigarette weight with new model)

Table 6. The optimized cigarette weight with two mathematical models
at k;-kg=1, F,=27.9 mmFR and F=40.9 mmFR

New model
Model Wochnowski's Optimized  Ertor(mg)”
model(m piimize
Wo(mg) (me) Eq. ©) solutions(mg)
700 485 >0 494 -9
800 584 >0 581 +3
900 686 >0 667 +19

l)Error=(0ptimized cigarette weight with Wochnowski's model)
- (optimized cigarette weight with new model)
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Table 7. The optimized cigarette weight with two mathematical model
at k-k=1, W,=900 mg and F=40.9 mmFR

Model New model
Wochnowski's — Error(mg)”
model(mg)  Eq. (9) Optimized me
Fy(mmFR) solutions(mg)
279 686 >0 667 - +19
30.9 745 >0 720 +25
35.9 834 >0 807 +27

Error=(optimized cigarette weight with Wochnowski's model)
— (optimized cigarette weight with new model)
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Fig. 8. Effects of filling power after expansion on optimized cigarette
weight by two models.

(ki-ks=1, W,=900 mg, F;=27.9 mmFR)
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A, B, C: coefficients of the quadratic equation

a, b, ¢ : coefficients of the regression plane equations

F : filling power [mmFR]

k : weighting factor of evaluative individual characteristics [-]
n : number of individual characteristics evaluated [-]

w : cigarette weight [mg]

W, : cigarette weight being optimized by new model [mg]

W, : cigarette weight being optimized by Wochnowski model [mg]
y : quality data of evaluative individual characteristics

i : ith evaluated individual characteristic
0 : before expansion or fluctuations in filling power
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