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Fig.1 Sample graph of cone length and cone angle measurement
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Fig.2 Sample graph of cone area
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N 9.243mm; AHE [ AR A T 38.729~92.825mm” [A], X 48 FAS [F] L5 5 M (1) MR B T 25 2% 2 Bt AT
%10 48.870mm’; i & T 2.778~7.636°00], “F¥)  BREK G ZEN, SERFEMH, K. HEEB LIRS
N 4.574° HHEREGEE AN T 4.405~6.377Tmm-min” A EREFE Z R (p E % %~ 0.000. 0.000 Fl
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Tab 1.Determination results of burning cone shape parameters and free burning rate of cigarette

HEK: /mm HETAN /mm’ e /o BRBEHEFE /mm-min’'
B S
¥ RSD/% ¥IE RSD/% B8 RSD/% B8 RSD/%
1# 10.208 8.8 52.506 8.8 3.935 59.9 4.947 4.1
24 7.886 8.9 39.690 9.1 2.778 59.0 4.512 3.6
3# 7.458 8.0 43.034 42 6.203 31.3 4.405 3.8
4 8.698 3.9 49.441 6.4 7.636 21.4 4.787 4.0
5# 6.604 10.1 38.729 7.7 5.689 66.1 4.570 5.1
6# 7.698 5.9 42.862 3.7 5.422 28.8 4.978 5.0
TH# 9.875 3.5 53.739 5.4 5.043 34.5 5.646 4.8
8t 8.250 3.7 43321 8.0 4.047 224 5.076 7.6
9# 8.969 53 45.687 4.7 3.440 52.4 4.489 5.0
10# 8.889 5.0 47.709 5.7 6.730 25.5 4.671 53
11# 9.167 43 44.047 2.3 4.982 35.0 4.835 5.4
12# 10.302 7.8 55.793 10.1 4381 57.8 5.536 5.7
13# 8.050 2.7 45.902 6.2 6.004 53.1 5.024 53
14# 9.465 6.9 48.023 42 5.455 69.9 5.658 4.7
154 9.688 6.2 52.991 6.9 4.383 40.2 5.306 3.5
16# 9.425 5.2 44722 4.0 5.332 46.9 4.906 5.0
17# 9.153 7.6 45.643 7.8 3.502 33.5 4.850 5.8
18# 9.359 6.9 45.484 5.7 2.995 46.6 5.598 43
194 14.017 7.1 92.825 5.2 4.036 36.4 6.025 6.5
20# 8.204 5.6 40.068 5.7 4.088 45.1 4.626 3.6
21# 9.315 4.5 44308 7.6 3.123 53.7 4.896 33
204 9.530 3.0 48.837 5.4 4.335 432 5.305 4.7
23# 9.507 5.8 50.253 5.9 3.048 47.1 5.228 4.5
24 9.956 4.1 57.315 7.2 3.886 44.5 4.631 35
25# 9.333 42 45.787 5.5 4273 428 4.901 5.1

26# 8.667 7.6 42.943 6.8 5.243 36.0 4.819 3.4
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gkl
HEK: /mm HETTAN /mm’ e o BRBEHE E /mm-min’'
B 'S
¥ RSD/% ¥ RSD/% B8 RSD/% P18 RSD/%

27# 9.163 9.4 44.876 8.7 4.041 55.6 4.420 3.6
284 7.406 8.6 42521 1.1 6.873 53.5 4.593 4.5
29# 9.302 7.7 45.894 6.6 3.195 47.0 5.175 4.0
30# 9.365 7.1 48.792 6.5 4.400 27.7 4.838 5.7
31# 9.343 8.1 47911 5.2 4711 412 5.364 3.6
304 10.708 3.4 52.278 5.9 6.946 26.7 5.130 3.9
33# 9.573 5.5 54.343 6.5 3.401 53.2 5.221 53
34# 10.768 7.0 52.852 3.8 3.980 46.6 5.584 5.4
354 8.927 8.2 49.810 4.1 4.425 39.6 5.628 4.1
36t 8.552 4.1 45.824 52 4.687 56.0 4.999 4.5
37# 8.719 8.4 47.770 5.5 5.844 43.7 5.279 5.2
38# 8.292 7.8 43.022 7.4 4731 29.7 4.946 4.9
39# 9.656 4.8 54.429 5.8 4.127 322 5.236 3.9
404 9.240 3.4 46.318 3.7 3.353 12.0 4.924 45
414 8.758 5.0 47.592 2.8 5.708 46.4 5.494 6.1
424 9.555 5.7 56.551 35 4.409 73.0 5.697 6.2
434 9.916 4.8 50.303 6.2 4311 39.5 6.290 5.1
444 9.972 7.7 51.744 8.9 4.441 49.5 5.346 4.8
454 9.232 5.2 43.939 6.6 3.869 40.0 4915 3.1
46t 9.806 6.8 54.460 9.0 3.889 429 5.721 4.9
474 9.972 6.1 48.753 7.0 4.119 78.3 6.377 7.1
484 9.768 3.9 54.114 7.2 4.103 39.2 5.620 5.6
R/ME 6.604 2.7 38.729 1.1 2.778 12.0 4.405 3.1
IEPN: 14.017 10.1 92.825 10.1 7.636 783 6.377 7.6
FHME 9.243 6.07 48.870 5.99 4.574 43.89 5.146 4.76

& 7.413 - 54.096 - 4.858 - 1.972 -

RSD/% 11.94 - 16.30 - 24.37 - 9.10 -
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WL IR G IA B 2 S 0 RE S ) B/ B ME

%, @Rk 2R, OFRFIHREEER (p<0.01)
(RE S TR HEC . HETHIAR . I 25 A 1 B /N 504 22 43 3l
N 0.597mm. 4.154mm’ Al 2.209°, 43 5 5 = 45 Fp
48 FhFE R B 21 8.05. 7.68 Fl1 45.47%; @ik
EZR (p<0.05) MRS R HETA . W& M1
B /NBIE 2 5 5N 0.442mm. 2.689mm” Al 1.830°,
g3 b = IUHR A 48 BRE R AR 2 1) 5.96. 4.97 FHI
37.67%. B/NEMEZEBN. — 2R U I 7721 R A
FElk S, = TR () B /N 22 o DA & B IR 22 DA
HEREN R ST LA, R AT RN =4 R IX
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Tab.2 The result of the mean difference of the shape parameters of the burning cone

¥ wRANEZE BN I (%) P f&
0.597 8.05 0.010
HEK /mm
0.442 5.96 0.048
4.154 7.68 0.000
HETIA /mm’
2.689 4.97 0.021
2.209 45.47 0.007
i 15 1 /°
1.830 37.67 0.021
R 3RS S SNK S ELLRER®
Tab.3 SNK multiple comparison results of various shape parameters of the burning cone
M T HEMAR 721 (IR
FEfh 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Fi 1 2
5+ 5+ 2 +
28 + 2+ o+ 18+ +
3 + 20 + + o+ 23+ +
10 + + 28 + 4+ + + 21+ +
2 + + + 6 + + + + + 29+ +
13 + + + o+ 26 + + + + + 40 + +
20 + + + + o+ 383 + 4+ + + + 33+ +
8 + + + o+ o+ 3 0+ + + 4+ 4+ 9 + +
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4R 3

e T4 HETTRL T4 it g6 T4
Befh 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 B 1 5.6 7 8 9 10 11 12 13 14 15 FEfh 1 2
38 + + + + + + o+ 8 + + + 17 + +
36 + + + + + + + 45 + + + o+ 45  + +
26 + + + + + + + o+ 11+ + + o+ 24+ +
4 + + + + + + + + o+ 21+ + + + 46 + +
37 + + + + + + + + o+ 16 + + + + 1+ +
41 + + + + + + + + o+ 27+ + + + 34+ 4+
10 + o+ + + + + o+ o+ 18 + o+ + + 19 + +
35 + + + + + + + 4+ 17 + + + + 8 4+ +
9 + + + + + + + + o+ 9 + + + + 20 + +
17 + 4+ + + + + o+ o+ 4 25 + + + + 48  + +
27 + 4+ + + + + + o+ 4 36 + o+ o+ + 47 o+ +
11 + 4+ + + + + o+ o+ 4 29 + o+ + + 39 o+ +
45 + 4+ + + + + o+ o+ 13 + o+ + + 25+ +
40 + 4+ + + + + o+ o+ 40 + + + + + 43+ +
29 + 4+ + + + + + + 41 + + + + + 4+ 2+ +
21 + + + + + + o+ o+ 37 + + + + + o+ o+ 12 + +
25 + 4+ + + + o+ o+ o+ 31 + + + + o+ o+ o+ 15 + +
31 + 4+ + + + o+ o+ o+ 14 + + + + + + + o+ 30 + +
18 + 4+ + + + o+ o+ o+ 47 + + + + + + + o+ 42 + +
30 + 4+ + + + o+ o+ o+ 30 + + + + + + o+ o+ 35+ +
16 + + + + + + o+ o+ 22 + + + + + o+ o+ 4+ +
14 + + + + o+ o+ 4 + + + + + + + o+ 36+ +
23 + + + + o+ o+ 10 + + + + + + o+ 31+ +
22 + + + + + o+ 35 + + + 4+ + 4+ o+ 38+ +
42 + + + 4+ 4+ 23 + + + 4+ o+ o+ 27 + +
33 + + + 4+ o+ 43 + + + + o+ o+ 1+ +
39 + + + 4+ 4+ o+ 44 + + + + + 4+ o+ 7 + o+
15 + + + 4+ 4+ o+ 32 + + + + + o+ 26+ +
48 + + + 4+ + o+ 1 + + + o+ o+ o+ 6 + +
46 + + + 4+ + o+ 34 + + o+ o+ o+ 6 + +
7 + + + + 4+ 15 + + + + + 4 + +
43 + o+ o+ o+ o+ 7 + o+ o+ o+ 4+ 5 4+ +
24 + 4+ o+ 4+ 48 + o+ o+ o+ 41 + +
44 + o+ o+ 4+ 33 + o+ 4+ 37+ +
47 + o+ o+ 4+ 39 + o+ 4+ 13 + +
1 + o+ 4+ 46 + o+ 4+ 30+ o+
12 + o+ 12 + o+ 4+ 10 + +
32 + 42 + 28 + +
34 + 24 + 2+ o+
19 + 19 + 4 +

e © “+7 FoRX N TER T A MATANMRLZERTEZE (p>0.05)
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Tab.4 Correlation between burning cone shape parameters and free
burning rate

Mk gmR G
HER 1 0.868**  -0.292%*  (.589%*
AT AN 1 -0.116 0.533%*
i 5 £ 1 -0.170
I e kR |
HE

e @ R NEE (p<0.01)
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Tab.5 Results of multiple regression analysis
gy PR
AR TfE P {H
B hrifER p
W 3.731 0.228 16.387 0.000
L -0.201  0.054 -11.266 -3.733 0.001
M -0.007  0.002 -17.624 -3.857 0.000
M*L  0.077 0.020 28.790 3.901 0.000
& 6 MIFRBRIR R

Tab.6 The overview table of regression model

LEE 3/ RERM HEBOUE RS MTHERER
0.751 0.564 0.532 0.275
3 HHig

(1) FESL 7 — Pl T BG4 BE R 136 I BA e
HERERC . HEITRRA AV &5 M S TR S SN IE T, 1%
T3 1 B R A S A T AR N ) B SRR A X
oo A1) 22 S P 1) R BBURE 3 v o

(2) X 48 FhAS [F K5 6 M I IR R HE T &5 2 3L
AT T EA G T, SRR, HEK. HEm
A w B A = BUR b5 23 9 T 6.604~14.017mm,
38.729~92.825mm’. 2.778~7.636° 2 [8. Jj %Iy Mt
45 BRI AN [F W5 M 1) A e HE T2 S AR AE R B 25 22
i
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Shape parameters of cigarette burning cone and their relationships with burning rate

MU Lin', HUI Jianquan', TAO Shichun', LIU Shuchang', LIANG Miao’, FENG Yajie’, WANG Jianmin®, NIU Tingting’
1 Technology Center, China Tobacco Guizhou Industrial Co., Ltd., Guiyang 550009, China;
2 College of Food and Biological Engineering, Zhengzhou University of Light Industry, Zhengzhou 450001, China

Abstract: To understand combustion performance of cigarette, a method for determining shape parameters such as length, area and
deviation angle of burning cones was established based on image processing technology. Through the determination of free burning rate and
shape parameters of burning cone of 48 kinds of cigarette samples, the relationship between shape parameter of burning cone of cigarette
and free burning rate was studied. Results showed that: (1) The RSD of cone length, cone area and deviation angle of 48 cigarettes ranged
from 2.7% to 10.1%, 1.1% to 10.1%, and 12.0% to 78.3%, and the reproducibility of cone length and cone area was better. The sensitivity
in distinguishing difference between samples was higher according to the measurement results. (2) Cone length, cone area and deviation
angle of the 48 cigarettes were between 6.604~14.017mm, 38.729~92.825mm’ and 2.778~7.636, respectively. There were extremely
significant differences in three cone shape parameters among different brands of cigarettes. (3)There was a significant positive correlation
between free burning rate of cigarettes and cone length and area of burning.
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