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Abstract

Aiming at the problems of low efficiency, prominent quality hazards and high labor intensity in man-
ual handling of to-be-added cigarette packs in slim cigarette production, a hand-cranked cigarette
pack adding device was developed in this paper. Drawing on the continuous conveying structure of
bucket wheel excavators and the cigarette feeding channel design of packaging machines, the optimal
combination of trapezoidal cigarette feeding trough (length 96 mm x width 58 mm x slope 0.978°),
4-slotbucket wheel, Geneva drive mechanism and hand-cranked driving mode was determined through
scheme demonstration, component optimization and experimental verification. Field application
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results show that the cigarette pack adding efficiency of the device is increased from 42 packs/min
of manual operation to 98 packs/min, meeting the target requirement (292 packs/min); the cigarette
jamming rate is <1%, the cigarette pack position accuracy rate is 299%, the cigarette clamping rate
is 1%, and no quality defects are generated. The device effectively reduces the labor intensity of op-
erators, eliminates potential safety hazards, and provides technical support for cost reduction and
quality improvement in cigarette production.
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Figure 1. Schematic diagram of the core functional process of the hand-cranked cigarette pack adding device
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Figure 2. Schematic diagram of the trapezoidal lower flue
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Table 1. Experimental data table for lower flue dimensions

F 1. THRERSTSSHRHER

FH—KiRY: L=94mm, W=56mm FHIEZR 43.8% > 1%, A2
R8I 1 2 3 4 5 6 7 8 9 10 F1
50 0 5 100 100 100 100 100 100 100 100 100 100 100
BHIE R EK 42 48 38 46 42 45 43 42 47 45 43.8
PHZE 2 2%  48%  38%  46% 2%  45%  43% 2%  4T%  45%  43.8%
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HEZWREE: L=95mm, W=57mm FHIEZR 43.8% > 1%, A2
R8I 1 2 3 4 5 6 7 8 9 10 Py
(R RIRA 100 100 100 100 100 100 100 100 100 100 100
RHZE R E 12 16 14 16 8 11 12 11 13 15 12.8
PHZE 2 12%  16%  14%  16% 8% 1%  12%  11%  13%  15% 12.8%
F=UERIE: L=96mm, W=58mm PHEER 0% < 1%, /2
R 1 2 3 4 5 6 7 8 9 10 Py
50 0 5 100 100 100 100 100 100 100 100 100 100 100
RH2E X3 0 0 0 0 0 0 0 0 0 0 0
PHZE = 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Figure 3. Schematic diagram of the lower flue slope
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Table 2. Optimization test table for lower flue slope
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5 AL X, =1.854° X, =1.146
PRA B EN0R/€ VI T T i B IEH R
X1=1.854° 10 v, =10244 / min 1 =93%
K , _
X2=1.146° 10 v, =964 / min 5, =97%
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a | | N b EEE
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fr BIERARIBRIE GRS, B 7 EHGE 99%HIEK,
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Table 3. Verification test table for lower flue slope

3. TREMERIDREE

TR R G G 3R
75 1 2 3 4 5 6 7 8 9 10

IR, 33 (£ /min) 94 95 93 92 94 93 94 93 94 93 93.5
AR ES 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
IETEEE S B > 92 /min, FHHFAEIEFHR >99%
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Table 4. Verification test table for bucket wheel groove number

4. SHEHERIEEAER

SRR 1 2 3 4 5 6
V o - - : — b
B PR & = Y W4 ﬁ/°5
N - - - -
A1 B 4% (mm) 90 100 120 140 160 170
SHEAMIAEAS <150 mm i 2 2 T2 i /2 AN 2 AN 2

RS SRR T EER I 5 R . B MR ESE N 10 /min, B S AL 4 RSN E R
140 mm (<150 mm), H%A0E 40 f/min (1~4 Mg E), s e BN 4.

Table 5. Efficiency table for number of bucket wheels at same rotational speed

5. FERES R ENRER

RR =] 1 2 3 4
355 (r/min) 10 10 10 10
2 (f9,/min) 10 20 30 40

3.3. ERiRESEMRT

3.3.1. IRz AiEd

IKBIHUA T2 Y >23 /min. JFEHR <1%” KIER. W6 LRI TRk A Fe A LA 5 e
MUK, AR50 7772 3 AR N A2 A PR R LA 7 I AL (B2 100 £, B 3 1R), il sk eSS o,
Ak 6 Fis.

Table 6. Comparative experimental data table of driving mechanisms

2 6. BN AXTEL SIS R R

FEEENLIY
M > 3 BREER(E)  THIMRE  T I (min)

1 0\\\\\3 0\\\\\3 0\\\\33 0 0% 26.6

2 0 250 240 27 0 0% 253

3 P — \23\ P — \2:\6\\\\ \25 0 0% 243
TRECHLAL

1 193 162 17 6 2% 17.3

2 0 22 172 18 4 1.3% 19

3 1202 a1 21 4 1.3% 19.6
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Figure 4. Comparison of speed and torque fluctuations between hand-cranked and handwheel-driven mechanisms
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Table 7. Field test data table for hand-cranked cigarette pack adding device
= 7. FEXNESRMEEN AN ABIRR

H 3 PR JHEH(R) AL FER R A (5) VR IN3E E (4 /min)
H 150 88 102.2
9H9H Z 110 66 100
5] 97 53 109.8
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H 124 74 100.5
9 H 10 H Z 132 82 96.5
[&] 118 71 99.7
H 138 79 104.8
9H11H Z 126 69 109.5
5] 157 101 93.2
H 129 78 99.2
9H12H Z 98 60 98
5] 138 77 107.5
H 146 85 103.0
9H 13 H Z 105 63 100
A 109 61 107.2
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Figure 5. Comparison of cigarette pack adding speed between manual and hand-cranked devices
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