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ABSTRACT

The new high-strength corrugated composite cardboard is invented recently and it carried over the tradition
corrugated cardboard, which is similar to the honeycomb cardboard and has been widely used to produce various
types of trays and liners, etc. The corrugated type will directly affect the cost of production, as well as the plane
compressive strength. This paper analyzed the influence of different corrugated types on the cost of production and
the plane compressive strength compressive strength of this plate and presented the compensation plan of material
selection based on the intensity difference.
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INTRODUCTION

The new high-strength corrugated composite cardh@dso known as the vertical corrugated compasitdboard,
is an improvement of the traditional corrugateddbaard. It is based on the traditional cardboarith wivo-layer
single corrugated cardboards. Then cut it as requand turn 90 degrees to be vertical and glue tfemming the
final vertical corrugated composite cardboard. Kiigl of cardboard is superior in some mechanicaperties, like
super plane compressive strength and bending aasist and its function is similar to that of thenbégcomb
cardboard. Meanwhile, the type of cardboard, witlglat weight, recoverability, environmental pratea, etc., is
an ideal material for green packaging. Therefdris, widely used in the production and processifhpadlets, crates
and paper-heavy furnitufe?.

THE STRUCTURE OF THE NEW HIGH-STRENGTH CORRUGATED COMPOSITE CARDBOARD
AND ITSPRODUCTION TECHNOLOGY

2.1 Structure

The high-strength corrugated composite cardboamnsbawes the features of the ordinary corrugatedbrzacd and
Honeycomb cardboard, light weight, high compressivength and load-carrying capacity. Howeversitacture is
different from both of them, as shown in Figurdtimainly consists of two parts, the upper-layed éower-layer
cardboards and the parallel corrugating mediumedsmt them. As it is mainly used to make trays,Khaft paper
with great weight and high strength is often adds the upper-layer and lower-layer cardboardsbtain the flat
pressure-bearing surface. Generally, the weighopifonal cardboards is more than 200g/some even up to
400g/nf. These parallel corrugated paper cores are bamethe traditional cardboard with two-layer single
corrugated cardboards. Then cut it a accordinpeadhickness of the high-strength composite candbaad turn 90
degrees to be vertical and glue them, forming ithel three-dimensional corrugated composite carhaes shown
in Figure 2.
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Figure 1 the structure of the new high-strength Figure 2 the structure of the new high-strength
corrugated composite car dboard corrugated composite car dboard

2.2 Production process

The new high-strength corrugated composite cardb@ato adopt the traditional cardboard with twgeasingle
corrugated cardboards and conduct cutting and egighand the common width of the online cuttinghwixed
width is 5-20mm. The cardboard types are similatht® traditional ones, mainly including A\ C \ BE\ The
production processes of high-strength compositdbzsrd generally include: production of single-diderrugated
board, online cutting with fixed width, 90 ° flipnd gluing, vertical t synthesis and drying. Finaligttach the
composite cardboards on the top and bottom suidad¢ke processed vertical corrugated cardboardghasvn in
Figure 3. The specific process flow is as showRigure 42
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Figure3 schematic diagram of he high-strength corrugated composite car dboard
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Figure 4 the process flow of the high-strength corrugated composite car dboard

INFLUENCES OF CORRUGATED TYPES ON PRODUCTION COSTS OF CARDBOARDS

3.1 Common domestic corrugated types and relatduhteal parameters

National Standard GB / T 6544-2008 corrugated aaadh provides five corrugated types-A, C, B, E, &ndnd
corresponding technical parameters, the first fifuwhich are more commonly used in the countrycHjpally as
shown in Table ..
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Table 1 Basic technical parameter s of four commonly used corrugated types

Corrugated Corrugated height Corrugated number -Corrugated width Common corrugated coefficient
types (h/mm) (per/30cm (T/Imm) )
A 4.5~5.0 3413 8.0~9.5 1.53
C 3.5~4.0 4143 6.8~7.9 1.46
B 2.5~3.0 504 5.5~6.5 1.37
E 1.1~2.0 9316 3.0~35 1.15

3.2 Influences of corrugated types on producticstsof cardboards
The production costs of cardboards generally ireling base papers, adhesives and production aoessing costs.
In order to simplify the discussion here, we oniscdss the influences of the costs of papers.

1) Understanding of the formula of production cadtbase papers

The corrugated height varies greatly when differentrugated types are selected to process and godu
single-sided corrugated boards, and it also consutifierent base papers. In order to facilitate steistics and
calculations of material costs of such base paperdake the composite board with one meter oftleagd width

as an example in deducing the formula to calcutzepaper costs per square meter, which shoulbebtotal price

of surface paper, internal paper and corrugated paper as well as the sandwich paper. In the gepsyduction
process, as both the corrugated core papers andathdwich papers are made from the same high-streng
corrugated papers, the price of such cardboardqeare meter can be expressed as formula (1).

P=@0+y)P;/100D + PR, + P, 1)

In the formula, P represents the base paper cbsiwhigh-strength corrugated composite boagdst&nds for the
costs of surface paper; Refers to the costs of internal papersinifies the costs of corrugated paper and sartdwi
paper, D denotes single-sided corrugated heightuding the height and thickness of corrugated papbose
upper or lower limit can be unified in the calcidatprocess, and means the pressure coefficient of different types

of corrugated boards.

2) Case computing

Common surface paper and internal paper of higimgth corrugated composite cardboard are 200kyait papers,
with the as the price of 3,500 Yuan / ton, whilecaich paper and corrugated paper use 110g/m2 dtighgth

corrugated cardboard, priced at 2500 Yuan / torthénfollowing, combining table one and formula One can

calculate the costs of base papers of differert-btgength corrugated composite cardboards, wétréBults shown
in Table 2.

Table 2 Base paper costs of different types of composite board

. Corrugated coefficient)¢ )
Corrugated heightymm .
Corrugated typeg (Universal use of the upper limif) (Universal use of common Costs of base papers (Yuan)
used parameters)
A 5.0 1.53 (1+1.53 *0.275/0.5+0.7+0.7=2.79
C 4.0 1.46 (1+1.46 *0.275/0.4+0.7+0.7=3.09
B 3.0 1.37 (1+1.37) *0.275/0.3+0.7+0.7=3.57
E 2.0 1.15 (1+1.15 *0.275/0.2+0.7+0.7=4.36

INFLUENCE OF THE CORRUGATED TYPES ON PLANE COMPRESSIVE STRENGTH OF THE
CARDBOARD

The high-strength corrugated composite board has kedely used in the production of trays and of@ducts
due to its special structure; therefore, in allitsf performance indicators, the plane compressivength is
especially important. Thus, this paper analyzesplhee compressive strength of different corrugatadiboards
processed by the same raw mateffaf8 .

4.1Experiment

1) Experimental equipment

Test of the four kinds of high-strength corrugatednposite cardboard, PN-CT50KA compression resistaester,
sampling, etc.
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2) Experimental environment
The standard environment, temperature of23 2 °C, relative humidity of 45% to 55%.

3)Test process and data select four different tygfekigh-strength corrugated composite cardboargrepare
10*10cm specimen. Select 5 of them randomly asdsiesamples, and then test the plane compregsargth after
the process in a standard environment for 24 hours.

Table 3 the plane compressive strength of 4 different types of corrugated cardboards

corrugated types | thickness of the cardboard (cm) theﬂ:r;s;ogg:;&;;fc\a/r;gstt?g;tirqe((:alirs;);)ard/
A 1.0 572, 566. 578, 590. 555 572.2
C 1.0 595, 599, 614, 622, 631 612.3
B 1.0 687, 669. 642, 655. 666 663.8
E 1.0 744, 736, 751, 737, 723 738.1

4.2 Evaluation of price-performance ratio

1) Introduction of price-performance ratio model

In VE (Value Engineering), the "value" is defined the ratio of the functions of an object and thi&ltcost to
access to these functions:

v="f/c 2

Where: V means value; f means function; C means cost.

Here the price-performance ratio of the high-sttergrrugated composite cardboard is similar td*ta¢ue” in VE.
Therefore, the former one can be expressed as:

V=P/C ®3)

Where: V is the price-performance ratio of the héffength corrugated composite cardboard (N /yuBn} the
plane compressive strength of the high-strengthugated composite board; C is the production cobthe raw
material of this kind of cardboard per square (yuan

2) Calculation of the price-performance ratio
Combined with the data in Table 2 and Table 3, fden8 can be used to calculate the price-performaatio V, as
shown in Table 4.

Table 4 the cost ratio, plane compressive strength and the price-performance ratio of plane compressive strength and raw material cost
of different corrugated car dboar ds

corrugated types cost ratig plane compressivegttieatio th;nzr'rgsvpniggg?ggztrﬁp8#22?}%;?@;35%552
A AA=1 AA=1 1
C C/A=1. 11 C/A=1.07 0.96
B B/A=1. 28 B/A=1.16 0.91
E E/A=1. 56 E/A=1.29 0.83

Convert the data in Table 4 to the correspondiaglyras in Figure 5.

4.3 Analysis of experimental results

According to the data in table 3 and the correspundurve in figure 4, the plane compressive stiieremd the
price-performance ratio of the raw paper of foumamon corrugated types vary greatly with the chamfebe size
of corrugated cardboard. In the experiment, A-tigpeegarded as the basic reference standard, Steatm of the
raw paper of C, B, E corrugated cardboard is respmdg 1.11, 1.28, 1.56, the plane compressivengfite is
respectively 1.07, 1.16, 1.29, the price-performearatio of plane compressive strength and raw radteost of
different corrugated cardboards is respectivel$ ©.91,0.83.

The comparison of the data shows that: the pricéspaance ratio of A-type is the highest, whilettbhthe E-type

is the lowest. Therefore, if the customer does exqilicitly specify the corrugated type, manufactarshould
choose A-type to achieve the highest price-perfoceaatio.
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Figure5the price-performance ratio of plane compressive strength and raw material cost of different corrugated cardboar ds

4.4 Compensation plan for the strength

The above experiments indicate that A-type correyabrdboard has the highest price-performance. it if the

customers clearly put forward their requirementstf@ plane compressive strength or other physieathanical
performance of the cardboard, it is necessary tmbiawe with the specific experimental data and dmeo
improvement. In these experiments, A-type corrugaieard has the lowest plan compressive strengihtos
improve its compressive strength to compete witlkeotrequires the compensation design for the stneimgthe

preparation of paper ingredients. Enterprises caaidduct experiments according to different makeria the

production process and get the feasible informatiasrder to establish a database for reference.

In fact, in addition to what has discussed abotleeroproduction techniques could also be used prakre the plane
compressive strength. For example, a packagingpmige in Zhejiang Province has developed a teclaitp
improve the strength of the corrugated cardboardising the fine stuff to fill the void. A manufacéu could
improve the filling pattern, filling material to énease the compressive strength of the cardboahbuwtibreaking
the intellectual property.

CONCLUSION

The new high-strength corrugated composite cardbdamonstrates superior plane compressive stremyibh is
widely used in various types of trays and linets, Buring the production and processing of comedsoard, it can
be found through experimental comparisons thatctireugated types have great impact on the planeEssive
strength of the composite cardboard and the pramueind processing costs of base papers. The c@opaand
analysis of experimental data show that the plamepcessive strength of corrugated board and cddtase papers
have different performance price ratios with tharwde of corrugated size when the same base pagesglacted
for producing and processing high-strength composiérdboard. A comes first, followed by C and Bthwi
ranking the lowest.
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