Mechanical Engineering and Technology MLk T2 53R, 2025, 14(6), 699-706 Hans Y
Published Online December 2025 in Hans. https://www.hanspub.org/journal/met
https://doi.org/10.12677/met.2025.146073

ZB4ASEUNE R &N AERERENBUHES M A

Fym, REH, F I, kAEFH, B K
IR (I EIRTHEA T BB, =1 TR

ks H B 20254F11H15H; A B 20254F12H8H: KA HB: 20254E12 15H

wm B

KA T BASNEHEAREEE, BT 7 XANYB4SE/NE RN NESRERSGE. BRI/
ARERNREBE, A “A Bl OB 3R W7 ANANFESE T, BERIENERERBAENE.
BETRREARE ARG ERESH, Bt RERE, % 38CrMoAlM R H &R 5msuE
Ja, MEHAEARBHERRIIEZ1.50%IKH, BHLHFH L EN5.02%%E0.92%, MEHAEEER
FaZR 5L N85.29% /&2 15.72%, EZERACERE, HWRUMNEFEHESKE . AP A AEEGET
ML FIRE ARG T EREL, B HRABGEFRES=HERK.

XKigid
ZB4SEUNE AL, WIEZER, DEAEAR, RERTT

Improvement and Application of the Inner
Frame Paper Press Roller in ZB45 Small
Box Packaging Machine

Jipeng Li, Guoyu Zhao, Lie Li, Zhengxiunan Xiong, Mei Xue

Yuxi Cigarette Factory, Hongta Tobacco (Group) Co., Ltd., Yuxi Yunnan

Received: November 15, 2025; accepted: December 8, 2025; published: December 15, 2025

Abstract

To reduce the defect rate of carton closure, an improvement on the inner frame paper pressure
roller of YB45 small box packaging machine was conducted. The issue of carton closure jamming was
thoroughly analyzed from six aspects: man, machine, material, method, environment, and measure-
ment, identifying the problem in the inner frame paper pressure roller. An interactive test method
was employed to determine optimal parameters, followed by designing a new pressure roller made
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of 38CrMoAl material and completing installation and debugging. After the improvement, the defect
rate of carton closure was successfully reduced to within 1.50%, with the monthly average proportion
per machine dropping from 5.02% to 0.92%, and the proportion of closure jamming defects decreas-
ing from 85.29% to 15.72%. This significantly enhanced packaging quality, bringing considerable eco-
nomic and social benefits. This study provides valuable references for optimizing similar equipment
in the tobacco packaging industry, contributing to improving overall production efficiency and prod-
uct quality.
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2024 SEA[EMA R TAE WA T ATV E “Faisiy, JUai, Smanhi” o FENREAT L IE S HE e A
T, P iR o RO BRE T 84 1 IR D B R 2 — 1] /N B AR ™ i i v ¥ 9%
I EEEA, KRS BT MBI R S % 2 FE[2)-[4]. ZL85 L (4SO A% =) 1 u B B i i 4e ¢
B, DLUHRR 0 COORARE SR I L4 32 T3 B R [5]-[7], (H32 8 T i oG AEA 2, KR/ &
HEA R FGE N, ZAMCSBUE SR RARNR 2, &SRR RCR8], 20Xt i 2 i ik
PN -

N YRR/ NG, AR S AR [N it IR, R A A T s O I AR A
THER T AT ARBUE N 73 B RE P SRR G, A RARTT T LS IZATRCR s BIESE[10] et 1A NAT4RR
TSR A M R B, 0O Bl JEE R B A5 AT AR Tt S s B /NS [LLTR IROXCT A 5O I T IR R
A, RO T PRI R AL 3 LU R s A SRR, BRI TANE R R XK A [12]
I RIARAR N T BRI B A B e B AT Ok, 1R B T DO R AR AR N T AR AL AT R S i, AR
5 /NG AR ARAE S B IR T B R IR /N Gdlia, A RURRE TN R R

BRI A E BT Sl e B VIO, A O IS S FE B DUE 1 i i .
AT TR, AU e 3 1R 3h g 2 2 2 25 Skl ik 5 )R s e 1, ISR R st
G RRAERAE, HAHERA) . A MBS SR IE R e, Kt R BRI B E . R IEFHE
(2 25 )24 A [13]. Wang S5[1418 I @ T NI R 2 (Azh /)2, R OUR D4 58 FE S5 4%
il B BT 22 & SRR BN J S, BET S BRI B HUE WA, XA IR A REAR R R 2R ik
St T3 A AR S

PRI B BT SEAC CL AU O M AE F  fiy  ERF B AIIRR B MR S0 . 72wy AT K183
frake sl EOFED S SBUC A FBE K. 1S3 IR, RE&5IA™ fokRaZ L. Zhang 55[15]
MW FETE I, E OB EE AR A A P % 75 B 5 . WIVE S P 1, 22 R s AL AL BRI 5 44
FIREAT RUBEAREE 10 2%, 38CrMoAl 1N SR KB B 15 e A5 A, HB RUR IR T BEEE Tk HV900 LA E,
Mt B A AR T S B A 3R T 3~5 i, CAENUMAE S AT Th A3 2012 N I [16], IO AR HR A 57 3% 5E $2
BT SRR S A
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it 2 1) 12 D) R P R e MU AR B PR AR TR MU I R DR T . IR RS RE B . R TITHLRE 2 5 0%
Bin7E, BEESGWHSYREARS RS AR . Li SE[1715 0 G HUROR 35 50 (s T 2 5tk
WY, SRAEHR ] + BOCkRME ST TE, AR R H R A Z 131 7£4£0.006 mm LAY, R
&/ Ra<0.8 um, BEA R YIRLS ISR IR A EEHERH 0 esl, $RTFRUH — Bk, I 3 B R FR AN il
R T TZHEARSH%.

R AT /NG R R S TH IR C E B b TR R AR AR, DAL S B 5 ORI T A 30 3%
REETTH, JER AL A AR AU SR i A R B R I TR ARG . PRI, AL B TR
ORI AT, BEAT O, AT RO /NG P A AN R, 577 s R A, T SR £ B8 1L (4
SCAEEF) IR TE S ), XAl ) AT 5 S K e i SRz

2. {E(AX R A/ N a2 e kEE R
21 hERAEFRIARKBFE

PRI A P IR, G SRR 0 A REZER P 37 58 BER Ay AR B LR B /s, e = B
BEFEFHAEHMEL. NEHEA R EEFERIEHUAT, ™ ERnr i S e aE. M 2024
5 HLLREMHILE L IS HIVNE A S A RIR AL 1) UL DT#ILA DG, 72384 f 3
W, BMEHEA R SBETARIUEHR 22, BT IEH T RS FEEEIN 1 10.6%, A2 7 KE
FibRaR. 2) LEHMaBIERM, NEHEA RO B, BORBE TR MIE R, KT
PE R FRRRIA T BE o Sl I AN F RS ML G BN G A A RS R TIRA DT R KL, BT AL
& Z A BREE RIFTC W B 2 57

BE— BRSO, RSN G A B AT N T HERE. NSRRI WHEARESL.
WHEARERL. WATARREAE, JEXIRIRBEHET S, SR NE—Prs. “PEHERE” BENRIE
W& A REIOCHE R, 7ETA AHOC BRI T & EE 85.29%, ™ EEHIZ) 17 M B3 TR KIHE T 1).

Table 1. Statistics of defects of different types of lockets for poor closure

#* 1 FRMENSAET REFESRITR

NEHER BRI BRrEsH BREE S EL Bt
CifE 93,519 85.29% 85.29%
NEFARTY 4539 4.14% 89.43%
PYHE KR8 4% 4243 3.87% 93.30%
PIAHEARTE A 3607 3.29% 96.59%
P A AR 4 2566 2.34% 98.93%
At 1173 1.07% 100%

2.2. YB45 B Rl EREFEREFHA

1E YB45 RGN/ NG G R ZE IR R A A A T, AE 3 A S G A2 7 DU SE Bt o, 83 Sk i AR 725,
XF NS AL R VES BRI D5 THEEAT AT T A AN E A A R IEER G, JFEE] T RDIREL, FEREUHE R
BAPDHER AR RN R G, W T — L8 330 YB45 BB HL/N G M & R IR, FARRDUNPAT 13 Fir:
1) RS PRGBS /AN, MIAAZ: RRGIR S FICARIRIER, AT LR AR5 R AR
[ FRITAT R R /N, SIEIL b AR K 2 )R 55, B (R BR 2379 % B4 0.01 mm. 0.02 mm. 0.03 mm. 0.04 mm.
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0.05 mm. 0.06 mm. 0.07 mm. 0.08 mm, XJECAS[EEBR N /NG G ERIEE . ML IR SEEiE.

2) LIHIRALAEA L . BN ST LA A IO RN e B MR B 70 e s X I i s 0, B i A
MZES. BTk HES .

3) MR EAENR. FANE: M EACSEEN IR, AT NIREE T /N & & R ZE 6k G
RN WA WA ST, IR .

4) FRNREAIEFR . AN E: MEANC SRR BB, BT RIIAEE T /NG A R ZE B
RN WAV WA ST, IR .

5) BB E . FIANE: AL /NEMIE Bl B2 Rhi X A Ui &, Jl i T R A AL
TR R, 3 Bl B2 X F 7R MU S5 FrAC ab L HIEEES, WERARMES T, Mams
KEENRBEZER. WIATE: %

6)?@%%%ﬁm BN ZS: AT RS, R LT s b SRR SR B Boe NANEIE, &
BHXNEAEREL TR, N7k HpillE S50

7) FbRNEE kETkO%MW@ TEFORIEI AR, F—) FKAare ™, RN iR/ ERi e
PERNLAE M, X RTAR AN T2 T E Y, MR RN E K X NG A R FEE MR FR B . WA T
B B,

8) MitrdULIE. WHINNZ: TEMIIRE— FMRHE T, EHIAFEERREARAC, FEE RO/

WA RENEWEE. A% DglE SR .

9) BH T IR A AT E LK. BANg: FRAEEY, St/ ama REREIEL. il
Jiik: WAk .

10) #EAE THAEACFANE R BIAPRZE: SHERME THT LR, RS . B3 Rk
BIRFE— BT, SR FISEHHERAE TR NG & A REEZR BT S0, ERE T RIHREK X
INEHERENEMIEE . #ikrik: Bligils.

11) WHELRRFRIL B Ko BN N2 BE 3N [ R 4000 06 1R AR AR 3R, X6 LU AT S /N &R A R 221
DL BTV IR .

12) WAEAHTE AN BN N2 Jl I o528 P HEAR T FIR FE SR R B M HEAR 3T B A 2, I HEZRHT
BMEREAARFNMAE, BAKT 55 (WHEARST2MERT 55°2SBUNEHE EMmER, b
AN E), HENELRIT &M 33 B/ NE A RIEGIERATRI L, e P AELCHT S M X /IN e
AR ERMFERE . #ilJrik: BlmiK.

13) WAHEARE DI I/ BN N2 TEFSHI N HELR S AT AR B s B 208 1.5 mm B Bl ATIE T, %
PWAELR I A VN AR A B, B B TIESN R H R, Guil/NaE A& R ZEFE AR . Bl T
IR -

IS T, X iR 13 AR B TR A, B HE T S50 ZB45 MABEHUN SIS R
FEMY R A LLURIRR: 11) WAEACESRIATE K 12) WAHEARHT S M /N, UL E S ESX i AN R, 2
FHRNLIXT SR TR, &gl (K 1)

3. ZB45 B RI/NERNEFENTAR
3.l MEREEEL LBNEENTHNAE

E5%F YB45 BN G AN HELC KA IUAF M8, R A2 B ISR T e oot A . B b3 R R 40 9
J¥ 0.50 mm. 1.00 mm. 1.5 mm, FEBEERFEMIZ 450 50°, SSHHTZ AR, ELRFRS . BITHE.
WA B R —8, EWHBITRE 4R, gt/ athaR, RSB mE 2 i,
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Figure 1. Cause analysis tree map

1. REASHHRARE

Table 2. Interactive test data statistics
= 2. XERWHBEHITE

525 (mm) FBEC) RFEE (%) 525 (mm) FBEC) RFEE (%)
05 45 3.12 1.0 50 25
05 45 3.08 1.0 55 2.61
05 45 3.15 1.0 55 2.59
05 50 334 1.0 55 2.68
05 50 33 15 45 2.16
05 50 3.26 15 45 2.19
05 55 3.01 15 45 221
05 55 3.19 15 50 2.45
05 55 3.14 15 50 2.57
1.0 45 2.1 15 50 2.6
1.0 45 2.05 15 55 2.94
1.0 45 2.07 15 55 2.86
1.0 50 2.46 15 55 2.8
1.0 50 2.57

i R I HE (AT S HAR U R TT 200, A Rk 3 s, BRI EA S

FEGRIE R I I E S A5

Table 3. Results of two-way ANOVA
3. WERFESHER

EZRE Rl df B F p i Eta 77 (Partial #%)
Intercept 197.370 1 197.370 60625.711 0.000™ 1.000
B 5 3.093 1.547 475.086 0.000™ 0.981
i 0.842 0.421 129.325 0.000™ 0.935
R * MR 0.431 0.108 33.085 0.000™ 0.880
Residual 0.059 18 0.003
#VE: R2=0.987; "p<0.05; “p<0.01.
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IRHER TN, AT« 8 BN A BE I AS B B F = 33.085, p < 0.01, BEAYE R, KU EHE
FREC TR TE AN R RS A 2 MAFTEAS BN . T AESEEe A, H 2 O R v, N A —
HIFIE T R BBUN S Mo 0t R 4 T FE TN 3.0, AFETIN 1.0~2.0 I X HRE R S iR,
FARETA 1.0 B XHEREE RO B AF; MM ETUA 1.0, FERETUN 1.0~2.0 IEXFEE R R R, H
W SE FE TN 2.0 ISR EE SR B O R A 234 DL B, #E SERE N 2.0 (1.0 mm)ATAIE 1.0 (459t
DR, NP ZE B R I PRAR R R e i, DR e L IR e 58 BEAf 2 o 1.0 mm, RS 1
e N 45,

3.2. WitHMEME L ERE

1) s sREEIR

FEBLTHRER Y BRI AR RE I, SRR R 2R E . YB4S RN AN AR TR
a4, TR IR . A BRI B ERR G, %E 38CrMoAl 1E iR
M. WAMER&EZIY, SRmMBEAEE, feMERRFGREIREEEE, BERTIEE,
A ROELE AT . XA PR R AE AE KN R P I v R FFAR B VR RE 4R 408 A REZR AR i 1A A0
ERCR, TRE N S AR B, I REDH D RIS S 4 iy SRR P LIS TRD R BAS , M2 5 T 3 A2 77 7 oK
BT RN S AT R R AN i J B B U SIS il

2) Bt

FEBLTHBT Y b AR A BRI, T A IS fRAE AT Q. B E BT — R REIE I P (U 47 B A1 FE ) T
A, WRNAEREHITEIS, FNITBMELLT 45°~50° X[, HIEEARZEMWIE 2 fir.

Figure 2. The structure of the new pressure roller
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3) fiE s Hr

IR, X RS S B LA AR IO C A AT TR IC, A M T 3R AT A BT REAFAE N %
FERBAT I . A, AT EE 3D BRAFx S8 A A HEAT 9 FERC IR AL, 70 T AEAN A L NI Jy s AR
AR Ui E T, RRERBAAEILEIBATIRET, RN 3x10° mm. Kk, kiR
W2 NAELARHT B T2 EORIMFIN, RECRUELSIIREERIRS 1L, A RO D W A SR U, S b H
SRR AR -

4) A5

B LSRN e A, PR 2R A R, AR AR, W 3 s, Jed
B B s SRR IR i 2 AL, FRROIT R IR RRAS A R AR e B, SO SE R R R . e
t, EYIRE R RAE IS ARG, XA E . TR RS AR A & FE AT RS AR R, A HEAR ik
A BRIL B ek 2RI, B SRR ST, Wad TEER.

4 A

Figure 3. On-site assembly steps of the inner frame paper pressure roller
3. MIERERRIMNI KRR SRE

4. BUHHREE T
4.1. RERARRE

TESERNT YBAS BU/NGL AN WAELC AR A ot 2848 5, W FC T BARH /N S A3 it &= st 17 oA A=A
HIFFELERER G A . S5 R, DEHAEAN REBERGE] 1A 8dEH], SIh4EREfE 1.50% A A (1 ERAE 7K
Vo BAKKE, BHLA L5 NS RT ) 5.02% 5 3 RS 0.92%, X— &R 5w HirmERE,
FIHLISAIE T S5 B AE BT/ S AL R T T A R A ] S

HE— 2B RN EE SOl /N & & R ZE BRI R 5 LR AR, BENS T TR 82 etk T4 P B ) 4 25 B
o FEDGHRT, ANEMARERER S L EIA 85.29%, LA HIZ/NE A ERTHCHIR R, e
R R, %A ELKTE N A 15.72%. X 3 R R AR L, 7840 IE B BGH S B W AE SRR AR VTS AL
Mok T/ G R EIX—AZ O A, /NSRS T BRI, P A TE T 5 A T 5t
TR R
4.2. HEE 7

PN G G R BB o B BB bR, AEXF YBAS BUN SRS N N MEAR R SR S kit e, i
o BHHRGH, SO EERER L 456%, WORIRFHEF=R0%, HITHEBRAEF~ S . MBI A 5
BT, ARSI & LB 0.69 156, SRARGZE ()R, RSP AT LR UL
134.43 Ji7t, fUBEA)S, ek 133.74 Hot, Nkl B 45 .
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BB B A AR, Db m R RS R AR

5. GiRSRE

AW T B A WHEAR IR SRS S MU SHIETZ, Ik YBAS RN/ NG &
RIERE . fEB) /%0710, 1.0 mm RAREES A5 rB8 M NALE, KT RS WHELRE Al ) B 7y 5
s MERESE L, 38CrMoAl 22 RALHE G, TR P L RE-55 % 07 9 BEIE I e JEAE R 0L, SR IE RES AR
FEE DAV B AR R JEN 5 13 T 275 1, B El + BOUR e I OS8R 24 Z2 24 #£:£0.003 mm,
PWAHEZCHT B fi 7 A 0.35 mm % 0.08 mm, (REEEGA — k. (HETFAFAERIR, REIEH - AHELUR
HENIFER, RIRFB R L ESHEEM MR TIERER, ARl 243 22 7. B R
LeSINIERE , iR B PR RE . SRR, DG JA B W HEZR IS R R/ NG P & AN BB R,
IR E, WRRELT SR T FUONRSEB % X2 Bt 2%, B e qT ik
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