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Finite Element Analysis and Material Mechanics of Paper Angle

J. M, Park

Paper angle, environment friendly packaging material, has been mainly used as an edge protector. But, in the future, paper

angle will be applied to package design of heavy product such as strength reinforcement or unit load system (ULS).

Therefore. understanding of buckling behavior for angle itself, compression strength and quality standard are required. The
objectives of this study were to characterize the buckling behavior by theoretical and finite element analysis, and to develop

compression strength model by compression test for symetric and asymetric paper angle. Based on the result of theoretical
and finite element analysis, as applied load level was bigger and/or the length of angle was longer, incresing rate of

buckling of asymmetric paper angle was higher than that of symmetric paper angle. Decreasing rate of minimum principal

moment of inertia significantly increased as the extent of asymmetric angle increased, and buckling orientation of angle

was open- direction near the small web. Incresing rate of maximum compression strength (MCS) for thickness of angle
decreased as the web size increased in symmetric angle. MCS of asymmetric angle of 43x57 and 33x67 decreased 15~18%
and 65~78%, and change of buckling increased 12~13% and 62~ 66%, respectively.

Keywonrds : Packaging material, Paper angle, Compression strength, Finite element. analysis (FEA), Orthotropic material

—h
=
rhu

= Q

okl E i (packaging) 2] AT} F A0
Al o198HA 73 ZAAY A 23 wrE
et FAE T8t thFoiA|a ik
=& A TAAZMA corrugated board
o] <J=(paper angle)E 751, corrugated board
o] FE| A HIAENY] &g Fou),
BARORAE Foket e 7HA 1 itk ubd Fol
vt 22 EARE & PRS0y
2] B B AT AR 9]l =
IHE & F4(palletized freight)
= L3 gl

} A

N

e

}5] [e]

v
1a

N

;\ﬂ\_

oy
2

o

oy
oft
o Lb
2

R

el
o £ Ja
oy

ol o2
T

rlo
’

o2
Nl
2 ox

1

ok
4
o
o 32
E *‘lE
:a V)

o rlo

-
0%
)
_H (3
ol
4
oy

1o

Z
|

ot o
:
s
e
RY
X
e

Fol Y= T8 1904 K vielte] FAAX 9] Bl
543 429 B (web), T L do] 5 A X5 w}
BEA 54E 2oy, 53] 29 o] Wi dHe)

i

Yol z¥zt 4921 ¢] MD(machine direction) X CD(cross-
machine direction) W37 X5 F oA EX(ortho-
tropic property)s 2l Qivh whebAl, o] thefdt AlE
ARTAEA N HEH 1, B2 AHEAE M E B
Aol gk ZE2] olafi} BB} o] Foix o} Fht.
AR 258 ARl AR Fo] B3 ofe] AjlEololA
cheystA 2851 010”1 8] ke s WA st
7) 95t BAlS] tiA o R SR T 7 880
AA F24E 1 gk 1311'}, FEuEtelXE Fol =2 &
87t F2 AFY BAE BRodEd FitEo] Abgg gl

0.

o
E
=

The artical was submitted for publication in April 2005, reviewed and approved for publication by the editorial board of KSAM in December
2005. The author is Jong Min Park, Professor, Dept of Mechanical Engineering, Miryang National University, Korea. The corresponding
author is Jong Min Park, Professor, Dept. of Mechanical Engineering, Miryang National University, 50, Cheonghak-ri, Samnangjin-eup, Miryang-si,
<parkjssy@mnu.ac.kr>

Gyeongsangnam-do, 627-706, Korea; Fax

1 +82-55-350-5424; E-mail :

347



zo| Y2 ZEAX|O] KRV EAT SIULAOYA

e B

Fig. 1 Orthotropic direction of the paper angle.

& Agoln, AFS] BEEES Fol] A% oW ATFE A
B2 wbh gick

Fol g 1 AHEAY net thobe F4 B4o] o
B, 53] o 7 A§o] FEIE YR WA
QB Aol S5 w2 FHUYBYEG
H2ATe o A9 Amsh Ponche eTEs,

web B ATe) BAE Fol B2 et 42 A% £Y
o GEE BRSNS 202, HE AL] B2 A
3} H1§-2 AURES Fol T, TR A Aol et
%40 e £Ee] dd AResde] 485w,
B9 AFAYE WA FAHAE Bk FALQ AT

Ry

(1) Bl B9 FRASH SYS FIAE QA2 T

CECELES SRR

@ FEessd] 9% Y2 ANS HlEe] BE 520
99 vlsh oy 2

@ %ol V2ol et FAAZIE AP Fa 2 A
F ulgo) e HEgne Ban 2y

N EY S50 4ot oj2Es

o] go] 4EAE RAAZE AFE wof= dolof uw}
2 71 7153} o] AL, AHUFe] olgt 3t wrhs
Zelolq Yol B3t Aol 2@ shalrk $usow @
AR} b Fo) el ol @ AR H9ehs By
A3} D7 (flexural stiffness) 2] BAAE ghotsf B 7S
il F etk

Zo] P& oNE BV FLE JPEE u), 11 dASHE
& okl 4 ()3} ol BAAENS Hlalst, B2o) 2ol
of Whaj&I&}, UA-S-HL A&H|(slenderness ratio)oll Z-5-

348

HHGere 2} Timoshenko, 1991). wehA FUs F73toA
WIRAES] F7|2HE F29 AT FAAQ vl

7} 7hssl Zck

P, #EI =B

IR (1)

Zo] P9 waS JEhd 18 2004, B9 =4 94X

(z, v), 1 T thist BYRAE[, 1)S} FERANED)
= olge 4 )% 3)e® 74z vEhd & itk

b+ (a—t)(at+t)

x=

- b -E((:tta);t) Q)
Y 2ra—t)
L —tl—l;+bt(y7§)2+ (di;)ti‘,_(d_t)t(?—%)z
e ikt ST e IO
e 00 ke 8
y
=
—
j ] —
| : RE

Fig. 2 Cross-section of the paper angle and it’s principal axes.
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Fig. 3 Finite element model for the paper angle.
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Fig. 4 Loading and boundary conditions under top-to-bottom
compression.

Table 1 Material properties applied in FEA of the paper angle

Ttems Units MD CDh
Young’s modulus Pa 2.15%10° 1.18x10°
Poisson’s ratio — 0.22 0.12
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Table 2 Buckling quantity (mm) at the.midpoint of the paper angle by FEA

Designation L Applied load level (kgf) PMI” (mm’) OPA? SR?
axbxt (mm) (mm) 50 100 150 200 I, I, Op deg) | sy ST2
300 0.08 0.16 0.24 0.32 15 31
700 0.43 0.86 1.28 1.71 36 71
30%50x5 179,115 | 45,891 45
[a/b=1.00] 1,100 1.05 2.11 3.16 421 57 112
1,500 1.96 3.91 5.87 7.82 77 153
300 0.09 0.18 0.27 0.36 15 33
43x57%5 700 0.49 0.97 1.46 1.94 190,650 40358 29 35 76
[a/6=0.75] 1,100 1.20 239 3.59 478 ’ ’ 55 119
1,500 222 4.44 6.66 8.88 75 163
300 0.13 0.26 0.39 0.53 14 42
700 0.71 1.42 2.14 285 32 98
33X67%5 231,741 | 24323 15
[a/b=0.50] 1,100 1.76 3.51 5.27 7.02 50 154
1,500 3.26 6.52 9.79 13.05 68 210
" principal moments of inertia, » orientation of principal axis, > slenderness ratio
5 e B e
L3 srrevs L3 lessasr
5 s =i
= = e

Fig. 5 Deformed shape of axb=50x50, W=100 kgf.
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Fig. 6 Deformed shape of axb=43x57,
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Table 3 Material properties of board constituents in the paper angle
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Fig. 8 Experimantal setup for measuring MSC of the paper angle.

Fig. 9 Upper and lower loading plate.
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Fig. 10 MCS at thickness and length of the angie, axb=50%50.
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Fig. 12 MCS at thickness and length of the angle, axh=70x70.
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Fig. 13 Variations in MCS of the paper angle.



J. of Biosystems Eng. Vol. 30, No. 6.

Table 4 AMCS and buckling quantity difference between symmetric and asymmetric angle [L=300~1,100 mm, t=5 mm]

Designation (axb) 50%50
Items

43x57 33x67 Remarks

MCS decreasing rete (%) 100

115~118 165~178

Deflection increasing rate (%) 100

| 12~113

162~166 applied load, 100 kgf
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Fig. 14 Variations in MCS of the asymmetrical angle.
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Nomenclature

A = Cross-section area of paper angle(mz)

a = Web ratio of paper angle(=a/b)

B = Slenderness ratio of paper angle(=L/r)

Dy = Buckling quantity of paper angle(mm)

E = Young’s modulus(Pa)

Ecp, Emp = Young’s modulus of CD and MD(Pa)

I = Moment of inertia(m4)

L, t = Each Length and thickness of paper angle(m)
Ucp, Wmp = Poisson’s ratio of CD and MD, repectively(-)
MCSsoxs0, MCSgoxen, MCS70x70=MCS of paper angle, axb=
50%50 mm, 60x60 mm and 70x70 mm, repectively(kgf)
MCS=5/0p=10=MCS of paper angle, a+b=100 mm and
t=5 mm(kgf)

P, = Critical load of paper angle(=n’EI/L*)(N)

r = Radius of garation (=+/I/A }(m)

Sec = Critical stress of paper angle(Pa)

t = Thickness of paper angle(m)

W = Applied load level(kgf)
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