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Research on optimization of short-smoke tobacco structure

based on grey correlation method
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Abstract: Tobacco structure after shredding, baking, flavoring
and storage was analyzed by the gray correlation method to deter-
mine the optimal shredding size, and then the tobacco structure

was optimized by using a tobacco cutting device. The results
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showed that the short cigarette had the problems of low full
strands rate and high long strands rate. It was found that the full
strands rate was less than 80.00% , and the long strands rate was
more than 40.00% ; the middle strands rate ranged from 20.00%
t0 30.00% . and the broken strands rate was less than 2.00%.
There was strong positive relation between the size of 6.50 ~
8.00 mm after shredding and that of 3.35 ~ 8.00 mm after
baking, the size of 3.35~10.00 mm after baking and that of
2.50~6.50 mm after flavoring, the size of 3.35~8.00 mm after
flavoring, and the size of 3.35~8.00 mm after storage. After cut-
ting 6.50~8.00 mm tobacco with the tobacco cutting device, the
long strands rate was reduced by 10.79% . but the middle strands
rate increased by 15.13%. The cigarette weight standard devia-
tion, pressure drop standard deviation, the hardness standard de-
viation and the loss of tobacco from cigarette end decreased by
9.52%, 2.11%., 22.46% . and 23.21% . respectively. And then
the quality of cigarette was significantly improved.

Keywords: short cigarette; tobacco structure; grey correlation
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Figure 1  Cut tobacco structure in different processes
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Table 1 Correlation between shredded tobacco structure and shredded tobacco structure after shredding ~ mm
W22 5 4R 22 V)22 J5 I 22 X [8] 53 A
X &) 43 4 >10.00  9.00~10.00 8.00~9.00 6.50~8.00 5.00~6.50 4.00~5.00 3.35~4.00 2.50~3.35 1.00~2.50 <1.00
>10.00 —0.271 9*  +0.302 3> +0.302 6> —+0.360 1> —0.414 2¢ —0.440 8¢ —0.240 0* —+0.306 7° —+0.392 9> +0.434 4¢
9.00~10.00 —0.319 5> +0.382 1> +0.382 7> +0.439 3¢ —0.633 19 —0.540 5¢ +0.221 5* +0.318 6" —+0.410 2¢ +0.531 3¢9
8.00~9.00 —0.319 5> +0.380 6* +0.381 2> +0.437 6¢ —0.629 19 —0.538 5¢ +0.220 9* +0.316 9* —+0.411 6¢ +0.534 6¢
6.50~8.00 —0.346 0" +0.447 9¢ +0.447 9¢ +0.522 59 +0.493 3¢ +0.665 7¢ +0.230 0 +0.408 7¢ +0.438 6¢ +0.568 9¢
5.00~6.50 +0.201 0* +0.507 6¢ +0.512 1¢ +0.586 3¢ +0.428 7¢ +0.711 0¢ +0.270 0* +0.273 0° +0.435 1¢ —0.500 2¢
4.00~5.00 +0.232 6¢ +0.545 9¢  +0.547 0¢ +0.596 7 +40.412 8 +0.747 0¢ +0.300 1> +0.310 3> +0.513 3¢ —0.591 8¢
3.35~4.00 +0.242 0* +0.538 4 +0.539 5¢ +0.564 1¢ +0.493 1¢ +0.787 3¢ —0.233 2* —0.310 3> —0.548 19 +0.639 8¢
2.50~3.35 +0.197 5*  —0.620 3¢  —0.621 2¢ +0.616 4¢ +0.597 8¢ +0.700 3¢ —0.261 4* —0.278 8 —0.470 5° —0.548 9¢
1.00~2.50 -+0.176 6= —0.641 2¢ —0.647 8¢ +0.713 5¢ +0.463 4¢ +0.571 6¢ —0.343 9> —0.293 4* —0.536 3¢ —0.558 1¢
<1.00 +0.208 4*  —0.647 3¢  —0.650 3¢ —0.747 19 —0.494 1¢ —0.545 6¢ +0.346 2> +0.355 1» -+0.570 6¢ +0.508 6¢
T QI EE B 1 IE 51 3R S WA B IE AR RN B L SRR HI 55 s abyeod 43 X R BIOG I L 55 SR B DG I 5 G TG
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Table 2 Correlation between shredded tobacco structure and flavored tobacco structure after drying mm
T J5 A 2 Bk 22 J5 I 22 IX [ 53 A
X ] 43 7 >>10.00  9.00~10.00 8.00~9.00 6.50~8.00 5.00~6.50 4.00~5.00 3.35~4.00 2.50~3.35 1.00~2.50 <1.00
>10.00 +0.312 0¢ +0.308 4¢ +0.305 8 +0.332 0¢ —0.247 3> +0.245 9> +0.262 3> —0.242 3> —0.220 2* —0.214 3°
9.00~10.00 —0.427 04  —0.245 5> —0.240 0> —0.305 7¢ —0.327 2¢ —0.278 9> +0.348 3¢ +0.386 5¢ —+0.226 8> —0.320 2¢
8.00~9.00 —0.423 14 —0.243 3> —0.238 0> —0.309 7¢ —0.329 4 —0.281 0> +0.352 6¢ —+0.385 4¢ +0.227 7> —0.324 6¢
6.50~8.00 —0.446 3¢  —0.239 7> —0.233 7> +0.285 3> +0.342 2¢ +0.260 0> +0.325 7¢ +0.336 7¢ +0.199 3* —0.284 4"
5.00~6.50 +0.364 2¢ +0.344 5¢ +0.342 9¢ +0.404 7¢ +0.428 8¢ +0.222 6> —0.299 3> —0.310 3¢ —0.175 9* +0.233 8"
4.00~5.00 +0.197 1*  +0.227 6> +0.223 8 +0.311 0¢ —0.294 2> —0.306 5¢ +0.635 5¢ —0.462 5¢ —0.326 2¢ —0.427 64
3.35~4.00 —0.207 4> —0.220 9* —0.219 2> —0.295 5> +0.445 5¢ +0.411 8¢ +0.339 4° +0.322 2¢ +0.332 4¢ —0.415 &
2.50~3.35 —0.237 3> —0.290 4> —0.289 2> +0.445 2¢ +0.441 6¢ +0.425 9¢ +0.496 2¢ +0.398 0¢ +0.370 0¢ +0.330 7¢
1.00~2.50 +0.219 5> +40.250 2> +0.249 6> +0.336 5¢ +0.437 6¢ +0.412 5¢ —0.373 8¢ —0.440 2¢ —0.458 9¢ +0.328 0°
<1.00 —0.175 9* —0.309 1> —0.306 0> +0.363 8 —+0.291 2> +0.345 1¢ +0.333 8¢ +0.311 4¢ +0.339 3¢ —0.381 0°¢
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Table 3 Correlation between the structure of tobacco after flavoring and the structure of tobacco in the
hopper of cigarette machine mm
B HABLEL )4k T 5 AR 22 X 18] 43 A
JALZ XA 4345 >10.00  9.00~10.00 8.00~9.00 6.50~8.00 5.00~6.50 4.00~5.00 3.35~4.00 2.50~3.35 1.00~2.50  <1.00
>10.00 +0.252 2¢  +0.514 2¢ +0.517 7¢ +0.441 7¢ —0.404 1¢ +0.403 0° +0.317 1> —0.402 7¢ —0.376 2> +0.436 4°¢
9.00~10.00 —0.279 7  +0.476 0° +0.477 0¢ +0.581 7¢ —0.521 8¢ +0.522 8 +0.400 1¢ +0.587 8¢ —0.580 8¢ +0.504 7¢
8.00~9.00 —0.280 8> +0.471 5¢ +40.472 4° +0.579 09 —0.516 6¢ +0.517 5¢ +0.400 8¢ +0.592 2¢ —0.582 0¢ +0.505 7¢
6.50~8.00 —0.222 1* +0.394 7° +40.394 8> +0.443 0¢ —0.615 69 +40.547 6¢ +0.440 4¢ +0.591 0° —0.626 49 +0.621 4¢
5.00~6.50 —0.209 6 +0.399 2> 40.398 5" +0.429 3¢ —0.545 3¢ 40.674 3¢ +0.502 8¢ +0.641 6¢ —0.722 8¢ +0.497 0¢
4.00~5.00 —0.210 1* +0.408 7¢  +0.407 6¢ +0.432 3¢ —0.537 9¢ +0.600 0¢ +0.465 9¢ +0.603 5¢ —0.630 2¢ +0.496 4¢
3.35~4.00 —0.290 0>  +0.342 2> +40.342 7* +0.365 6> —0.417 4¢ +0.488 7¢ +0.848 99 +0.547 5¢ —0.577 4¢ +0.421 0¢
2.50~3.35 —0.230 3* —0.522 1° —0.523 9¢ —0.572 49 +0.704 8¢ —0.841 8¢ —0.476 0° +0.818 8¢ +0.702 74 —0.555 5¢
1.00~2.50 +0.283 8> —0.428 2¢ —0.426 0° —0.485 6° +0.680 7¢ —0.724 2¢ —0.455 6 —0.549 4° +0.490 6¢ —0.389 3¢
<1.00 +0.257 6 —0.406 4° —0.406 7¢ —0.511 0¢ —+0.450 9¢ —0.523 5¢ —0.349 8 —0.621 3¢ +0.571 8 —0.490 1¢
T ORI RE B I 1 51 2R R e R A IR R R G, SRR 055 s byeod 43 N R A SO IR | 55 DI L e O IG5 G I
5Nt JG 2.50~3.35 mm RoP Ay 22 SRIERE M. Uil AR RCT A 22 S R M R . R e A T B R Ik Y

K22 FERFEMEFG 3.35~8.00 mm N F 110 22, X 45
T AT 2 K AL S 4k Y A 22 B E R BRAE T R 2 I S
K,
2.3 MRgEHREK

W) 22 J5 & 22 R s , B 22 3250 o YU AS 5 7 g
TCTE V) 22 J5 2 S SR 22 S B 4 PR 22 85 M i A7 203 . iR
2.2 3 HE AT L H) 24 )5 6.50~8.00 mm [ 4 22 % 35 1 Aif P
B ARBLRSF4b™>3.35 mm {9 M 22 52 W d K, R B R A 4T
RS FAFE TREL 10.00 mm DL F M2, 2856 % 45 15 3% 10
TR AR E A ™ TG 6 A A AL ARk S b i K 22 25 48 0 R
il B S T ) LT o T 5 DA R X L (3R 4~6)
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Table 4 Results of tobacco structure detection before and after treatment %
L PEAL T R
Y Thuwm  wmw vax was | ma® | Re® | TER | BAR

1 72.88 40.67 32.21 1.82 71.39 35.49 35.90 2.02
2 71.53 39.03 32.50 1.96 69.59 33.08 36.51 2.07
3 70.76 41.35 32.41 1.59 72.59 35.90 36.69 1.73
4 70.97 38.41 32.56 1.81 71.92 37.69 34.23 1.46
5 71.88 45.92 30.83 1.27 70.81 35.54 35.27 1.67
6 73.36 41.82 31.54 1.54 67.77 33.56 34.21 2.33
7 71.37 43.84 30.79 1.38 72.53 36.72 35.81 1.38
8 72.29 40.20 32.09 1.60 68.38 33.89 34.49 1.67
9 69.72 42.46 32.26 1.80 71.36 35.67 35.69 2.52
10 72.65 39.76 32.89 1.77 68.33 34.32 34.01 1.89
11 71.16 40.66 30.50 1.16 70.36 33.57 36.79 0.87

"""" W 71.68 4128 31.87  1.61  70.46  35.04 3542 178
b 1.06 2.17 0.82 0.25 1.72 1.47 1.04 0.46
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Table 5 Results of tobacco structure changes % FEAR , & 22 R 0 & FRAK, 22 R 35 16 N, e 22 R 5 fr 4
5 H Raw | hma | gk wux M. 50 RIT A He K 22 R A 6.24 % R AR T 10.79 % 5
by 3.55%, 14 15.13% ., ¥iH Y] 2 0
- oot - 017 o 22 SR 3,55 Elj:”]T o % lﬁﬁﬂﬁ D) 22 J5 Xt
) 6.50~8.00 mm [ 22 HE4T R . 45 il 1 9 A0 22 245 44 15 3]
A A% —10.79 15.13 11.13 —1.71 ]
R6 RMUTEEEYVEREKVNLER
Table 6  Physical quality test results of cigarettes before and after optimization
b iR/ BUREAR OWRBHL/ WRBHAR GERE/ ERE R/ WEERME/ MR/ BEREEAR BE/ K TR/
" g 1t/ g Pa  fji/Pa % A/ % (mgeem™®) (mgeem 3 % fit/% mm /% (mg- Cig 1)
DAk B 0.791  0.021 1 026 33.20  10.10 1.556 225.34 5.51 70.33 2.36  24.29  1.63 11.2
fetbs 0.801  0.019 1057 32.50  10.50 1.213 226.08 6.49 72.25 1.83 2433 1.62 8.6
AR/ % 126 —9.52 3.02 —2.11  3.96 —22.04 0.33 17.79 2.73 —22.46  0.16 —0.61 —23.21

H1 2% 6 W70 A0 A0+ 4 S 2 A0 A BRSO IR B i
0.019 g &A% T 9.52% 5 W BLAR fii Hy 32.50 Pa, FEAL T
2. 10 %6 5 0 S B BT A A 1.83 %6, KA 22.46 %05 & K R Ky
16206, AL A 355 0 AR K 22 B 8.6 mg/ 3L REAR T
23.2100 . LRk A 22 A KT B o 10 AL M 22 B4 S SO A%
Ty B R AR S A O A T DR B T A R R
3 i

18 3 73 BT SR R 22 45 4 L BT ) 225 i P i B
e 22 AR ARG 1 22 i o B TR SR K @8 S TR IR 0 T
VR A 22 235 4y 14 5 TR 1 B AT BF 5T 5 0 A2 T 3 1 o 2 ) AR 1
FEM [ M0 22 R~F R Y2205 6.50~8.00 mm, il i 7E Y] 22 5
GBI 22 B B R AT U A B R 2R T
10.79% 22 & 38 I T 15,13 %, 45 M B &k b f [ AR T
9.52% , W BHL bR W FE AR T 2. 11%, B BE bR W AR T
22.46 %0 , Ui B T L2 AR T 23.21 %0, M 22 55 ) R I T
AR M A K 8 R A 22 RS 2 L X
M 22 RT3 A1 A2 Ak B9 A JTT R A 4 ThT R 5 2 6 S0
L2 LN Y R BEOR U E A 2Z B A L B T R fR A T
BN s o A A ol B o AN TR 6 s A R
TEA 25 BRI S Proin A% O » 8 8 75 48 [/ T
J¥* Z RV A 22 55 K 09 S TR A B XE 15 22 08 L 1Y) 0 22 25 A A
.

EESdN
(1] FEZE. BML =M dunt: PEgOl R, 2009.
[2] BRRIC. A7 T AHRIM KM 0 Bl 25 R i,
2002 210-220.

(3] X, W3, 4fat, 55 2 Rl F 2z J5 2% 40 346 40 o it
BT, Rl Rl 2, 2018, 46(23): 177-180, 191.
[4] SHEN Xiao-feng, LI Hua-jie, LI Shan-lian, et al. Study on

characterization of cut tobacco filament size distribution[]].

Acta Tabacaria Sinica, 2010, 16(2): 2-4.

(5] bpve, mE, T2, 2. ASIH 58 B J0 22 41 4 33 4 K 4 3848 b
BEgG AR ] Aol K% 3 RRE,
2017, 32(3): 488-497.

(6] WhJGHBH ., T30, Frkib, 5. M0 22 450 %0 22 3 50 (i Fn s
PR o 0. MR Tk % B4R AR BF IR,
2003, 18(4); 62-64.

[7] Wik, Z4EA, FHBIR, & WAL HW5 6N TR
R S o R A M ) IR 6 DG A A L) 0. v 0 2 A
2009, 15(6) ; 23-26.

(8] Mzhin, MIBRH:, ZRBRME, 5. M 22 25 M % 36 M0 4y 2146 b 1
Fmil)]. MERHL . 2008(8): 8-13.

L9 v B [ S i fb 45 38 25 01 2. GB/T 22838.4—2009 5 4 Fl
TE PR VERR TN A 4 W4 . BB LS]. b bR
W RRAL . 2000.

[10] [ E R AR AL S T Z Bl 45, GB/T 22838.5—2009 % 1A Al
UK B R B A 0 AE B 5 WA . A5 A W BHL A Uk R (ST, b
T A o AR AL . 2009,

C117] v E R ARMEAL A B2 B 4. GB/T 22838.6—2009 35 4 Fll
TREE Y FLERE A DU E S 6 W4 WERELS]. dbat: AR ik

H AL . 2009.

(127 v [ R bn (L B BEZE 51 45 GB/T 22838.3—2009 & 1 Fl

R B PE BRI E A 3 4y I RMOGILLS]. dbs:
FEl A of H A . 2009,
(137 v [ R An b B BEZE 51 45 GB/T 22838.7—2009 & M Fl
IEEE B PRI E S 7 4y B A AR RLS]. Juat:
Fl A of AL . 2009,

[14] XK Je. IR OFERI RG], Serh L2 B4k, 1982, 23(3):
11-20.

(151 &m0, B—4, THif. % MATLAB 7E 507 E{Z 4 3
BRI, R EHERL . 2018, 15(12); 135-136.



