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Fig. 2 Photos of the texture analyzer and

simulation model
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Simulation model of cut tobacco
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Table 2 Descriptive statistics for cut tobacco

size ratios and softness
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Table 3  Correlation analysis between cut tobacco sizes and softness
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e TR BB SE (P<0.01) 5+ Fom BB (P<0.05)
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Table 4 Ratios of cut tobacco size and corresponding

softness measurement results
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Fig. 3 Comparison of simulation predictions and texture analyzer measurement results for different samples
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Fig. 4 Time-dependent curves of average compressive force on each cut tobacco size fraction during compression
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Fig. 5 Radial force chain evolution in samples S, and S ; during compression
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Fig. 6 Axial force chain comparison for different size fractions
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Table 5 Softness measurements for cut tobacco

samples with varying size ratios and compositions

LD LR Ffdh 2 Ffih 3
Al 0 0 0
A2 3 2 1
M s 6 4 2
%\ 7 5 3
s 9 6 3
54
Jop A6 34 38 43
A7 38 44 48
A8 3 2 0
mi%ﬁg/ 14.02 12.79 26.25
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Mechanical effects of cut tobacco sizes on softness
characterized by discrete element method
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Abstract; To investigate the effects of cut tobacco size distribution on softness and elucidate the underlying
mechanisms causing variations in softness, a texture analyzer simulation model was developed using the discrete
element method ( DEM). This model was employed to measure cut tobacco softness, analyze the force response
differences among various size fractions during testing, and explore their impacts on force chain evolution. By
adjusting the size ratios, the variation patterns of softness were systematically examined. The results indicated that a
higher proportion of tobacco particles exceeding 3. 35 mm or below 1. 00 mm was associated with reduced softness,
while an increased proportion of tobacco within the size ranges of 1. 00~2. 50 mm and 2. 50 ~3. 35 mm correlated
with improved softness. Tobacco particles in the 2. 50 ~3. 35 mm size range exerted the greatest influence on the
force response during measurement. The average force experienced by tobacco particles decreased with decreasing
particle size and became more uniformly distributed. Softer tobacco samples exhibited fewer medium-and high-
strength force chains, which were also more uniformly distributed. The proportion of low-to-medium strength
contacts between different size fractions increased with decreasing particle size. Rational increases in medium-sized
(1.00~2.50 mm) and short (2.50~3.35 mm) tobacco fractions improved softness, while excessive proportions of
long (>3.35 mm) and fine (<1.00 mm) particles degraded softness. Optimizing the size distribution by increasing
the proportion of 1. 00~ 3. 35 mm particles and reducing fractions outside this range enhanced both the mechanical
performance and softness under external loading.

Key words: distinct element method; ratio optimization; cut tobacco size; cut tobacco softness; mechanical

performance
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