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Tab.1 Uniform exPerimental design table

FES WL EKEFY% V4T Emm  FHEmm  F5%/mm KEIELE/APa XE 7L /kPa

[l 42 8/% A (grmin™

1 12.2 1 2.5 24
2 12.6 0.8 2.5 24
3 12.2 1 2.5 22
4 12.6 0.8 2.5 22
5 11.8 1.2 2.8 18
6 12.6 0.8 2.8 18
7 11.8 1.2 2.8 24
8 12.6 0.8 2.8 24
9 11.8 1.2 3.0 22
10 12.2 1 3.0 22
11 11.8 1.2 3.0 18
12 12.2 1 3.0 18

8 120 40 90
6 105 35 90
10 90 30 90
8 120 30 90
6 105 40 65
10 90 35 65
6 120 35 65
10 105 30 65
8 90 40 40
6 120 40 40
10 105 35 40
8 90 30 40

1.2.2 IF VS E 792

(1) FERH% . BENLERES MRS 2 &3t 40
X, TR (22£1) C, MXHRE (60£3) %ML
TP 48h J5&H .

(2) 3% A e P SREU R I 2o KA A BN
AR RRIAAE NS e b, RIS S8 &
PEFEIERE 35 mL £, SRSk R g R
Gt, R ISO AR AR A AH . 28— D sk 4k
W, 552 Ohise 5B R E R4 2 A AR K,
WRLRF R, 0 TR AS R . R, &
SFREAHIR 2 110 3 100 4 . 5 . 6 g r#RkeiE
BR, w1 poR. SHESCERUR o B 307 5

Mr WEZ O, 5 OHEmEZNE S STER.

1 ZOESRE
Fig.1 Schematic diagram of Puff-by-Puff cone height
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2.1 HEZROFESTHRES
2.1.1 BOHEE R 4

2 P 39 NS IR DS Gt 45 R, [F)
TR A M2 11 v 1 2 B e SR, 56 2~6 T
RSD 75T 3.81~25.9, 3.36~22.68. 2.43~18.15,
3.59~19.34, 3.72~16.61%, ¥ RSD 4%l4 14.79.

13.07. 9.36+ 9.56. 9.54%, BR/ANAIEAG. HEIMEAR
BEEMRAT. 2 EARIEIZE P HE =26 AR
2, BEEMOE AT B nEs, HAE 2~3
P10 B V26 3 1 f R TH2 08 - 3 3 Bz SNK
ZHEWE RN, HEmEsE 2 558 3. £3 55 4
DA B 2R, 454 DGR NN ZR AR E,
U RS BA e .

R 2 BRZEO#ESHITER
Tab.2 Statistics results of cigarette Puft-by-Puff cone height
. F2 0 %30 %400 %50 %61
it E — — — — —
#iE/mm  RSD/%  #EE/mm  RSD/%  #EE/mm  RSD/%  #EiE/mm  RSD/%  #EE/mm  RSD/%
w/ME 5.15 3.81 8.56 3.36 10.13 2.43 9.53 3.59 10.17 3.72
=N} 9.04 25.79 13.25 22.68 14.81 18.15 14.69 19.34 15.80 16.61
T 7.13 14.79 10.80 13.07 12.26 9.36 12.48 9.56 12.61 9.54
3 EO#ESEAY SNK EEREER
Tab.3 SNK comParison results of Puff-by-Puff cone height
_— a=0.01 M7
1 2 3
2 7.4544
3 11.2673
4 12.5645
5 12.8374
6 12.9778
2EWE (P 1 1 0.267

_ =
S N

=)
£
5
.6 8
= )
2 6 —eo— Sl
o
2 , e T
Z4 H
w ,®
0
1 2 3 4 5 6 7
1 £ (number of mouths)

2 BOHESE L
Fig.2 Curve of Puff-by-Puff cone height
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PRI 2 o FIFH B SR AL 53 T30 39 AN i (135 F1fE e 2
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_ K
y= 1+be~ %%

T4 RESHRRERY

Tab.4 Model Parameters and coefficient of determination

Giit i K a b R

5 /ME 10.844 0.598 2.661 0.927

= KE 15.857 2.910 215.822 0.999

1 12.820 1.520 29.650 0.974
22 EHEZFROFESREMETEN Pig GRMNF 5. OP) 6 IR 738 FHE R BB,
22,1 TP FEARAIEERL ANFESEIRRE R Pre T 55.61%~92.12%2 [A] . 257

BT 1 DR R R S ATE . B B K. @M P& P FAMERTLLE . 78 Py kb
HEm AT, DRI B R BRSO S 1~6 DI I TR AT, I RE TS, U R
w, MATEREE S 1 ORI s ZE (L @R EER AT 1~3 D20 ARG R
D P 0HIE HE = R L. AR 39 ME P AT 42.61%~91.85% 2 ], FIFfEERE K. %L
i 1~6 FIE HER TNME, 23k EEE 1 DR 2~ Frd, AFEEG IR R A h 42 10 22 e AR ILE
6 NHERAER, KIGCN Piay Piss Pigs Piss MR BRI 1~3 FRLER T

x5 F1OEFE 2~6 ONHESTUREIHER

Tab.5 The statistical results of the cone height change rate from the 1st Puff to the 2nd-6th Puff %
Giit& P,y P Py Pys P i3 Htl
e /ME 27.92 42.61 49.966 53.70 55.61 53.09
=N 87.08 91.85 92.11 92.12 92.12 96.37
S 59.45 72.44 75.86 76.92 77.30 78.68

R 6 Fizr Pearson IR HTEE R, Pisv P 1. 6 DHERZ ZRE 7 ERAEZ D4E & I fa e 1,
BEE 1 DHERERRENHLRR, Psh Plez RN 1~3 OARME NI 15K 5 Fs, ARG 1~
N AR E AL R, I, B -OfEEZED 3 OBER AT 53.09%~96.37%2 8], ZHF+4>
Hemfa e R R, XATRER T ARG “%  BE; Wk 6 fin, 1~3 ARSI ES 1 DR
L7 R AR, SRS TSR KERTE. EWEFEIMHRXXR, 5P, Pl EWREEIEMHx
NTLGEHE FIR 3 Tifebs, FABLUEOHES BT RR, AT, 1~3 AR 5 HlR/NE D Efa e v
BURAE TR = N PHRAE, @A 1. 3 sz 2 #ir.

* 6 {EIREI B BAXDTER

Tab.6 SimPle correlation analysis results between indicators

fabw B DR 3 DR e s Pi3 Pis 1~3 DAL S L
1 DR 1 -0.133 0.387* -0.971%* -0.972%* -0.765%*
%3 DR -0.133 1 0.703** 0.339* 0.298 0.510%*
F 6 NS 0.387* 0.703%* 1 -0.211 -0.170 -0.227
Pis -0.971%* 0.339* -0.211 1 0.986%** 0.841%*
Pis -0.972%* 0.298 -0.170 0.986** 1 0.747%*
13 O R SH -0.765%* 0.510%* -0.227 0.841%* 0.747%* 1

E: RRIRTE 0.05 KF EZER R, SRIRTE0.01 K¥ EERE.

Note: *indicates a significant difference at the 0.05 level, ** indicates a significant difference at the 0.01 level.
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Fig.3 The relationshiP between the Parameters a, b and the rate of change of Puffs 1-3
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Tab.7 Peel model fitting results of Puff-by-Puff nicotine release

FE S K a b R? 1~3 DAL 5 Lh/%
Ll 0.166 0.829 3.013 0.988 63.9
L2 0.173 0.630 2.704 0.974 50.7
L3 0.183 0.672 2.918 0.986 52.0
L4 0.172 0.614 2.768 0.979 50.7
L5 0.179 0.701 3.008 0.996 61.8
S1 0.158 0.850 2.744 0.985 66.7
S2 0.173 0.751 2.915 0.993 60.0
S3 0.159 0.911 2.519 0.989 75.0
sl 0.178 0.730 3.025 0.989 60.0
) 0.184 0.894 2.959 0.974 63.6
$3 0.180 1.049 3.224 0.948 63.6
s4 0.157 0.751 2.617 0.996 62.5
s5 0.209 0.575 2.167 0.985 545
s6 0.137 0.824 2.588 0.962 62.5
s7 0.211 0.691 2434 0.978 583
$8 0.165 0.757 3.734 0.999 60.0

VE: LI~LS 51 A4S 0EEE, Fa ARFESRAGE S A e R R AW, R N 7 O S1~83 5l HikBE RS HE, b
N IR RS Sk A, R O 6 1 sl~s8 5l EILBE RGN EE, 8 MBNIRE S N TTEAR R SN, MR 8 6 1,

Note:L1~L5 are quoted from the data of Li Chao et al.””. The samPles are combination cigarettes with different PaPer Permeability and filter rod
Pressure droP, and the number of Puffs was 7; S1~S3 are quoted from the data of Shen Xiaochen et al.'%, the samPles are cigarettes with differenttight front
and rear ends, the number of Puffs is 6; s1~s8 are quoted from the data of Shen Xiaochen et al.'. The 8 cigarette samPles are commercially available

cigarettes of different grades, and the number of Puffs is 6.
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Tab.8 Measurement results of Puff-by-Puff cone height of cigarettes made of different cut tobacco under different cigarette maker

Parameters
P B/ mm 1~3 O
2 3 4 5 6
1# 6.238 10.709* 10.912 10.959 11.352 82.53
2# 7.195 10.531 13.033 12.536 12.581 80.74
3# 7.156 9.842 11.656 10.668 11.934 81.41
4# 5.152 9.536 10.939 12.857 11.849 72.37
S# 6.256 9.398 10.706 11.082 11.315 77.96
6# 6.604 11.617* 12.347 12.077 13.116 79.18
T# 6.278 9.865 11.063 11.51 11.844 79.13
8 6.448 8.563 13.434* 12.948 12.696 66.60
o# 7.181 9.536 12.328 12.74 12.078 72.04
10# 5.375 9.222 10.128 11.409 10.724 79.48
11# 6.000 8.757 11.429 9.527 11.305 80.14
12# 6.737 9.047 10.562 11.343 10.171 79.76

T ¥R IEAT BRI A I 28 R i

Note:*indicates that the data was deleted due to abnormality when the Peel model was fitted

EVER
PL1~3 D784 3R (5 oA R AR & 22 K G LS
BONEZREHATZ 0B, SRR R Y
REE (XD B8R (x2) PLERETEE (x3) ik (x4)
FERCN 1~3 TRAER LU E R 2, [ Ak 2

232

TRFAKT (P=0.032). WhiEZK R7=0.935. £ 9 i
AN AR S AR IR R AR B, P TR R RS
558 R MR HAR, R IEJE 5 5k A7 RS
HAEH, ~FHERMMERE. % EREm KT XEIE.
UINESWAR

®9 MEARKE t RIBER

Tab.9 Regression coefficient and t test result

e SR ARVEES o "

LSt I [ ZRIHAGIIEES (¢ e PfH
W -772.638 182.971 / -4.223 0.008
x1 235.813 54.398 10.671 4335 0.007
x2 30.554 6.979 16.785 4.378 0.007
x3 25.053 5.996 9.010 4.178 0.009
x4 1.973 0.461 5.323 4.277 0.008
x1x2 -11.147 2.463 -15.261 -4.526 0.006
x3x4 -0.249 0.057 -8.202 -4.363 0.007

B 4 Prom 2 T HERE TR IR 5 55 98 1] 1) 232 ELAF
B, i EREARTRRAC 1~3 B ST, X

NBEE AR A2, MRS PSR 22 3578 B
T BORFEEARNIE N, BESCE MR L2 TS Y 5T IR
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The changing law of Puff-by-Puff cone height and the influence of cigarette maker Parameters
on its stability

WANG Jianmin', LI Fengxiao',WANG Xiaobin’, MA Xiaowei’ , CHENG Chuanling'

1 College of Food and Biological Engineering, Zhengzhou University of Light Industry, Zhengzhou 450000, China;
2 Cigarette Factory, Yuxi Tobacco (GrouP) ComPany Limited, Yuxi 653100, China;
3 Cigarette Factory,Hongta Tobacco (GrouP) ComPany Limited, Zhaotong 657000, China

Abstract: [Background] This study aims to exPlore the method to characterize the stability of cigarette smoking Process.[Methods] In
this study, the Puff-by-Puff cone height of cigarette was measured, thecurve fitting was analyzed, the index for evaluating the stability of
cigarette’s Puff-by-Puff cone height was Put forward, and the influences of tobacco shreds and cigarette maker Parameters on the
Puff-by-Puff cone height stability of cigarettes were studied. [Results] The results showed that:(1) The Puff-by-Puff cone height increased
raPidly and then gradually became stable, and the change mainly occurred in the first 3 Puffs; according to the rate of change of Puffs 1-3,
the degree of Puff-by-Puff cone height change can be characterized, that is, the lower the rate of change of Puffs 1-3, the more stable the
Puff-by-Puff cone height. (2) The change rate of Puffs 1-3 of different brands of cigarettes was between 53.09%-96.37%. (3) The dePth
and width of the leveler groove of the cigarette maker and the Positive and negative Pressure of the air chamber are the main factors
affecting the rate of change of Puffs 1-3. The oPtimization of the above Parameters can significantly imProve the high stability of the
Puff-by-Puff cone height. [Conclusion] The Puff-by-Puff cone height can be used to characterize and evaluate the stability of the cigarette
smoking Process.

Keywords: cigarette; Puff-by-Puff cone height; stability; Parameters of cigarette maker
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