Faats s o T
2023 4F 8 H PACKAGING ENGINEERING £ 269 -

MEREFERESERBERES TR

Bliﬁﬂ* 1; g&ﬂ 1! ﬁﬁ%% 1! Etﬁl‘ 1! XIJ'\_‘LIE 2 "zj[ 2
(LM%$MI&%@&%J&&#&,ﬁﬂ4wmm2ﬁﬂiﬁ-E%%%E@E@%m%$b,
I 430079 )

WE: B RKIREEMERN, EABEMERBELEEMANAT BRERBE R EZAGMEL XK

XA, Nt EB AR A AT RIS, TRARSAKERVRNEAAB TR, Tk RAZ%%

KA TR E AT MR DR R S EREAH 5=, Ak LA R4 E ik ie EREMN

RFEEPRRRE R, MENNERERToONATE, 2 AEAEEREHEERTE, &1 41

FRARR R ARBEARA BN ET é&ﬁfi?ﬁiﬁfi%ﬂfi%ﬁfi%@# R\ BB PTIRAR R MR K E L
it A IER R ZAAM N, TR 2K 0.0l mm A4, B T 2N EH k69 A 0 T AH MR,

W, ATHARREER ERVELE ERBEEZRAHGMEI X FZ, FEIRY «iﬁfﬁﬁ’a o H R R A

BIZABHAT T KB I RBIERAT T LT oA EEE, RO ERE5Z oS E

—%., & ERFY f“‘éﬁﬁffcm'%y}&}iaﬁif;u%}iaﬁﬁﬁzﬁ]%%#ﬁﬁé@%lﬂyé&ﬁﬁ%ﬂ}ﬁﬁéﬁﬁﬁ
%Hﬂ%i’ﬁ %EM%&%MME

KEIR: WEKRE;, EREE; ERAE

ﬂF@ﬁ%q: TS47  XHEHRIREG: A XEHS: 1001-3563(2023)15-0269-07

DOI: 10.19554/j.cnki.1001-3563.2023.15.035

Analysis and Research on Indentation Shape and Forming Quality of Folding Carton

CHEN Lin', ZHANG Fan', HU Su-xia', WANG Na', LIU Xing-hai?, KE Xian-wen’

(1. Technology Center, China Tobacco Hubei Industrial Co., Ltd., Wuhan 430040, China; 2. Research Center of Image
Communication, Printing and Packaging, Wuhan University, Wuhan 430079, China)

ABSTRACT: The work aims to explore the interrelation among indentation shape, cutting force and forming quality of
folding carton when carton die is cut and pressed, in order to effectively control the cutting force of carton and ultimately
improve the forming quality and stability of carton. Three-dimensional laser scanner was used to conduct non-contact
scanning on the carton to obtain a high-precision indentation line scanning point cloud. On this basis, a specific algorithm
was used to extract the indentation line from the unordered point cloud, and then the measured data were analyzed and
calculated to get the depth and width of the indentation line, respectively. A series of data such as indentation depth and
width of carton were effectively measured by three-dimensional laser scanning technology. The error between the ob-
tained test data and the theoretical calculation data was very small, and the average error was about 0.01 mm, which
proved the effectiveness, reliability and accuracy of the measurement method. In addition, in order to study the interrela-
tion between the indentation shape and the indentation stiffness of the hard carton and establish a more accurate functional

interrelationship model, a lot of test work was carried out with this instrument, and statistical analysis and curve fitting
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were conducted on the test data. The results obtained were highly consistent with the theoretical analysis. The effective

measurement of indentation shape and the establishment of the interrelationship model between indentation shape and in-

dentation stiffness provide theoretical basis and data basis for the effective control of carton die cutting quality.

KEY WORDS: folding carton; indentation shape; forming quality
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Fig.1 Hexagon laser scanner
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Fig.2 Indentation line scanning point cloud
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Fig.3 Schematic diagram of indentation
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Fig.4 Indentation extraction 1
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Fig.5 Indentation extraction 2
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Fig.6 Schematic diagram for calculation of
carton die cutting indentation size
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Tab.1 Actual test value and theoretical calculation value
of hard red indentation line of Yellow Crane Tower

P Eﬁ@ IR RY HiRIHE
P & /mm JF /mm ¥ /mm {H/mm
1 1 1.09 1.06 1.15
2 1.1 1.19 1.11 1.25
3 1.2 1.3 1.26 1.35
4 1.3 1.38 1.34 1.45
5 1.4 1.54 1.5 1.55
6 1.5 1.63 1.54 1.65
7 1.6 1.79 1.77 1.75
8 1.7 1.95 1.89 1.85
9 1.5 1.63 1.59 1.65
10 1.7 1.74 1.77 1.85
11 1.5 1.62 1.61 1.65
12 1.7 1.85 1.83 1.85
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Fig.7 HANATEK folding stiffness tester
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Tab.2 Fitting polynomial coefficients of longitudinal indentation depth and indentation stiffness

IR P B /mm pi P, P P4 Ps
1.09 -1.1x10° 7.139x10° -1.716x10° 1.798x10* —-629.3
1.18 3.874x10% -3.796x10* 1.332x10* 2148 196.3
1.26 -2.43%10° 1.61x10° -3.754%10* 3422 -23.06
1.33 —-1.422x10° 1.1x10° -2.998x10* 3236 -39.82
1.5 1.224x10° -9.142x10* 2.48x10% -3 095 223.9
1.54 -1.21x10° 8.996x10* -2.333x10* 2274 7.563
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Fig.8 Fitting curve of longitudinal indentation depth and indentation stiffness under different width
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