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Abstract

To address the frequent joint breakage issues in knurled press-fit tipping paper splicing devices,
this paper theoretically analyzes the causes of splicing failure and identifies the root cause. Through
simulation experiments, the pattern design of the splicing block is improved, enhancing splicing
reliability and demonstrating good application results.
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Figure 1. Force analysis diagram of the middle region
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Figure 2. The effect of gap Z on the stress of the joint
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Figure 3. Splicing joint for splicing paper
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Figure 4. Illustration of the adhesive application on the tipping paper of a certain brand of cigarette

4. RIESMI KWL ERRER

NS 4 B R R RE P B AR, B0 58 B 64 mm (R 4R, 4 fEr ek b T 2 i X I e e R
A 40 mm, BRI KN 24 mm; AEHAAE T2 XN, TRy 2 mm,  EiZ
T H K N 62 mme

PR OR LR B TR DR FE AT 95, T 2 M B e Al T2 J X I A 11 55 o5 By
S1=40/64=62.5% ;

SARTFRLAL T A X I 55 O §2=62/64=96.9% ;

52/81=96.9%/62.5% =1.55 ;

TR R AL T4 J0e DX A ) 1) 55 R A T2 e XA I 55 ) 1.55 %, DA 0 B SRS AT 1R 51
M. Uk, HTHERAAL T AR IX S T E RO

2.4. RISHERTE

B TR R L PHERE 5 PR E L RP R R, Ko, £ LRGSR SIRIXAAE =R A
MRS o

B AR AT i X, AR ARSI, %A TOU T, & ARk
W%, o AR L A e

SR AR S AT A X, A AR Sk A R X %A LT, AR ARk
Wi RS, B AR AW .

= AR SN E ARk S A T A X, AR %M UL, PRI E AL, & 4K
RNAE F AR AT 2 20 A #0785y B PR B b 4

SEVURP: 2 FH AR S AR AR SR A T2 X8k, AR fP TOLR, PRI E AT, & F4R
RNAE P AR AT B2 A AN 2 i A BT 2

DOI: 10.12677/iae.2025.134081 670 s 5%


https://doi.org/10.12677/iae.2025.134081

=
kS
48

X PUARE DL I AT MR BEAT Gt

BARRAEHSL S EIRFEERA R LR, TR 58 B2 B I, FF BRI F R
SR AT, BURAEESL S FRER BN MR X A0, S8 FEESH T

BAREL X GE B : L=50mm; J&: T=27.7mm; &KX (Q): T1=82mm; KX ([B): 72=19.5
mm; T=T1+ T2,

(1) MHIEEEI—FrBL(El 5)

LGy
Figure 5. QB status
5.QB K7

FEZIRE T, e s ML T2KRQ), AMMRLETFKMB), nIfs:

_2T-L_2x27.7-50 .
Qan="7 =" 37 "

R B, =19.5%.
IR R A R 19.5%.
@) BB~ B 6)

a

Figure 6. QQ status
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Table 1. Probability of glue application location

F 1. ERNEBEREBER

27.7

=50.9%

&A%

FEFAR

MATIEE]—Pir B
M Be3 BB
M Br BB =B B
M= Be B B

Ql
Q2
B3
B4

19.5%
10.1%
19.5%
50.9%

BI
Q2
Q3
B4

19.5%
10.1%
19.5%
50.9%

FA B R R IR 1, IR A

(1) FER—IEL IR, A — (e 2K

i T, KBLZRADN “ WAIR S BC” A A —BrBeB B, RO

19.5%+10.1% = 29.6% .
(2) PIIITERRIX

i e, KBLZRADN B BEI=B BT, HBEER N 19.5%.

DOI: 10.12677/iae.2025.134081

672

A 5w


https://doi.org/10.12677/iae.2025.134081

=
kS
48

(3) PIMIALEFIX .

I BT, RILZEEDR “A=F BRI B, HEEEA: 50.9%.

BT, g Ah T A e I 1 55 2 A0 T2 e XU IS5 210 1.55 7%, w] DL SL I oy =
MR 2):

Table 2. Risk levels and probability table
2. KR R RE

FH RE S
e AL PIIEIAE AR X 19.5%
o A FER—MTELRX, Foh—MrE 2K X 29.6%
IR IR PIIIISIAE 2 R X 50.9%

2.5. &g
1. AN Z 52338 AN [ 7R 2R XU
2. BJBCRES R 2 AN [ 1 T 28 AU
3. AR
(1) 0T RSP R, e Ak Z i) e e
(2) 1£ Z KRR, BORIRAEHIAC L, AT FT R 2 Sk b 8] DX S A 19 100, 30t 5 A
(3) [S1HR 4 FEl br GB/T6403.3-2008 [ JLFHRACERHE, W FTIRACIE 2042k A 18] X 355 K& A1 42 Ak 1) 5 i 1
o, ik A& R
(4) [V it FRAETE 3R, WP ILGE AT B0, AP o0 Lt 4 Sk o ) DX 3 B A e AR P S e 155 10«
4. IESH
4.1. RERNGHH

Figure 9. Knurled structure mapping
9. RGNS

Wi 9 Frow, RELH RPHESRIE A MR AT 2y, HPHR RN 50, RAEREE N 45%40[5].
4 B/T6403.3-2008 H EIRAChR#E, ZIRACEE T H AN B m=04; = h=0.264; [EYA:
r=0.12; T P=0.1257,

BRI NG =85 00 E 10 Fis:

DOI: 10.12677/iae.2025.134081 673 s 5%


https://doi.org/10.12677/iae.2025.134081

=
Bl
48

Figure 10. 3D rendering of knurled surface pattern
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Table 3. Relationship between z-value (overlap roller gap) and tensile force
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Figure 11. Relationship between Z value and tensile strength of the middle region Y1 and the junction Y2
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Table 4. Relationship between knurling length and tensile force in the middle area
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Figure 12. Relationship between length L and the tensile strength of the middle region Y1
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Figure 13. Knurled structure design diagram
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Table 5. Relationship between the number of slots and tensile force

=5 THEFMERNXRR

X: %M Y1: a3 ) Y2: HrHAE X ARbih g i
6 0.77f 0.58f
8 0.75f 0.71f g AT
9 0.72f 0.78f IREA W
10 0.64f 0.83f AW
11 0.48f 0.85f ARRANMT
12 0.42f 0.89f AREAWr

iz A1 Pyhton Z: il #H G

MRAE 5 3 H & SEUR RIS A T

O Y1 5 X R E AR N: ¥1=0.03653- X +0.24776 ;

@ 25 XM ITEARA: ¥2=0.07541- X +0.05959 ;

@ Y15 2 AR EARN: ¥2=0.77528-Y1+0.24421 .

WE 14 Fion, MERSZIG S RRE, JEEN 9 5 A X SRt /5 i Ak X S 4 J1
i, HEFERKR. (HRFEARIR IR $e 5, TEPHEL AR TIA W, AREH 2 7K.

DOI: 10.12677/iae.2025.134081 676 s 5%


https://doi.org/10.12677/iae.2025.134081

=
kS
48

Correlation Curves
0.9 Vi
—_— Y2
0.8
0.7
[}
3
g
0.6
0.5
0.4 . . : : : : :
6 7 8 9 10 11 12
X

Figure 14. The force relationship between the number of slots X and corresponding values Y1 and Y2
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Figure 15. Design diagram of cross-knurled structure
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Table 6. Relationship between remaining dimensions of the cross and tensile force
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Figure 16. Force relationship between the remaining cross dimension J and corresponding values of Y1 and Y2
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Figure 17. Optimized structure
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Table 7. Statistics on the success rate of water-fed paper splicing
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