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Enhancement of Buckling Characteristics for Composite Square
Tube by Load Type Analysis

Seokwoo Ham*, Seungmin Ji*, Seong S. Cheon*"

ABSTRACT: The PIC design method is assigning different stacking sequences for each shell element through the
preliminary FE analysis. In previous study, machine learning was applied to the PIC design method in order to assign
the region efficiently, and the training data is labeled by dividing each region into tension, compression, and shear
through the preliminary FE analysis results value. However, since buckling is not considered, when buckling occurs, it
can't be divided into appropriate loading type. In the present study, it was proposed PIC-NTL (PIC design using novel
technique for analyzing load type) which is method for applying a novel technique for analyzing load type considering
buckling to the conventional PIC design. The stress triaxiality for each ply were analyzed for buckling analysis, and
the representative loading type was designated through the determined loading type within decision area divided into
two regions of the same size in the thickness direction of the elements. The input value of the training data and label
consisted in coordination of element and representative loading type of each decision area, respectively. A machine
learning model was trained through the training data, and the hyperparameters that affect the performance of the
machine learning model were tuned to optimal values through Bayesian algorithm. Among the tuned machine
learning models, the SVM model showed the highest performance. Most effective stacking sequence were mapped into
PIC tube based on trained SVM model. FE analysis results show the design method proposed in this study has
superior external loading resistance and energy absorption compared to previous study.
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Fig. 1. Flowchart of PIC Design with Machine Learning
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Table 2. Performances of Machine Learning Models

Machine Learning Model Predic(toiZ )n Rate RO(Z_’I:;JC
Decision Tree 87.0 0.740
k-NN Classification 87.0 0.746
SVM 90.6 0.746

Table 3. ROC-AUC Value of Machine Learning Models

Madli&iﬁii“mmg TC| sc | ¢T | ¢cs | cc
Decision Tree 0.93 0.57 0.97 0.31 0.92
k-NN Classification | 0.98 | 0.36 | 099 | 0.44 | 0.96
SVM 098 | 036 | 099 | 044 | 0.96
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Table 4. Stacking Sequence of Loading Type

Loading Type Stacking Sequence
T [ 90/0/0],,
C [£5/+45/90],
S [0/0/90]

350

——————
7

PIC-NTL
tube

300

Ay

250 %
\
\
\

Conventional
PIC tube

Force [kN]
— »
n 3
= =

e
S

S~

n
S

e

0 0.5 1 15 2 25 3 35
Displacement [mm]

Fig. 6. Force-Displacement Curves

e

(@)

Fig. 7. Effective Stress Contours: (a) Conventional PIC, (b) PIC-
NTL




Enhancement of Buckling Characteristics for Composite Square Tube by Load Type Analysis 57

43.2 mm .—’.—‘. 43.1 mm

@ i @

38.0mm |

o) ® 38.1 mm

<

Conventional }
PIC

PIC-NTL

Fig. 8. Cross-section of PIC tube

= vebsth

Effective stress contours:= Fig. 71} Zro] UEeo W, 7|&
of Al¢te PIC AA Wijo= Hels] ¥ Aol A o &
2 g2 W Ao UEhte Wot oheh F4 ool
A g¥lo] e Ao ettt ol g 22 3o
oA meto] 414 dojd Ao Z Helrh 12]al Fig. 8o L}
Ept A} o] 7]Eof A|¢HE PIC tjH] PIC-NTL=Z 47|
B Ajzkgte] sl lsk MY Aol 212t (@), (b)oll A
oF 0.3%, 02%2 SAFSH Lieksteh. o2 B8 7120 &
3 2% 24 A7} Azbke] Wl o] gkl v
o 7es A=

&

g B

_‘
@)
%

s oftl ~N r
ic ot
o
>
}_,
_&”_
i)
N T
g
O
L
FLHJ
Hr o~
_LL,
o il
:l9
:|:
2 o
e
% Mo g
ol
oy

jalad
BNF
FO A
o o

18 4

(€]
2] %7 woa& ffi 279 = o
Aol 4] 8% 4-8& B, 2t
% $0] DL 6% 53
olejo] ehae XA T

19 ti & 515 73

I
X 9
)
sl
)
Mo 0.9.
o

=2
av)
N of
12
[\)
oy ox Mt = @ 10 44 Ok 0@ HU oE

o *
l'm‘l
o 5 &
S

o
=
Lo
of>
in}
]

<1 oM
Of
oly

u
=3
N
1
32
o
ol
olN
Jo
ot
{
>
i

1)

2%
4o &
o

2 o [
of

18

o H
ol
o
N
£ o
A
-0,
)
o
fu
v
Bu)
v
o)
T‘EL
R
,
o
o ol
rlo
ox

S5 famth 27 Uehdtt. 3k Hol
d mlo] SlEEglon], WAl gy mae

L sto|w{mretn| el wlo|x|ek Le)

2 o

g

ok > L
h=)

_V!l

Lo

=

tlo off oft B ¢ & ok rlr 12 L rlo 40 N
I of

of
ol
ol

o
=Yl Z SVM melo] 7h & o ZER e
, ROC-AUC?] Z+ gpilo] HF 7w 714 =4 Ue}t
} mdlo] ROC-AUC %, S-C&} C-Sof| A Atjd o=
2 Uhepgd), o gk 8.4:0] S AthE o

AT 2L %

TR s

g}x_‘ _N _E. FZ

10 & o
ol

2 A7) wi&olzt Atmg .

7] &0l AltE PIC A 7132} w]ashr] ffsto] A8 -
e s Aat AT AA AR §Fha Ao 2y
s glon], & Aol A A|qtE PIC-NTL 7| o2 A €
tube®] Z|A|5}5-2 7|Eo] A|QFE PIC 7R H e} oF 2.7% 7
FE e, oA S48 4.0% FLE AR e
th. ol & 3l & Aol Al PIC-NTL 7]3o] 7]&of
AQkEl PIC 7] Ek o S43to] HEE ek

¥z 84 7 A2 sk F3ol disto] wAl 2y wdl
o] B & &3 4= EF Fx a4 ol tigh hA]
HE)Zo] gt A7t Wask so|et AlRELh

E3h, 4% 2w 24 A7} fRkes B A o]
%t gpo] mlu|stBE kA h B 7]5oba W
2 wefste] A 34 (teration) 2 U 4+ Q= LelH
A Bas Flolet ArHt

= 7

AT 2018 E (WG] A YO FRAT
XHEH A Qe wob $E 7| 2ATAYY. (NRE-
2018R1D1A1B07051169).

REFERENCES

1. Na, HJ., Chun, J.S., and Cho, K.S., “Development of CFRP
Tubes for the Light-Weight Propeller Shaft of 4WD SUV Vehi-
cles” Journal of the Korean Society of Manufacturing Process
Engineers, Vol. 17, No. 4, 2018, pp. 32-38.

2. Chun, D.M,, and Ahn, S.H., “Change of Mechanical Properties
of Injection-Molded Glass-Fiber-Reinforced Plastic (GFRP)
According to Temperature and Water Absorption for Vehicle
Weight Reduction,” Transactions of the Korean Society of
Mechanical Engineers - A, Vol. 37, No. 2, 2013, pp. 199-204.

3. Cheon, S.S., Choi, J.H., and Lee, D.G., “Development of the
Composite Bumper Beam for Passenger Cars, Composite
Structures, Vol. 32, No. 1-4, 1995, pp. 491-499.

4. Belingardi, G., Beyene, A.T., and Koricho, E.G., “Geometrical
Optimization of Bumper Beam Profile Made of Pultruded
Composite by Numerical Simulation,” Composite Structures,
Vol. 102, 2013, pp. 217-225.

5. Kim, D.H,, Kim, H.G,, and Kim, H.S., “Design Optimization
and Manufacture of Hybrid Glass/carbon Fiber Reinforced
Composite Bumper Beam for Automobile Vehicle,” Composite
Structures, Vol. 131, 2015, pp. 742-752.

6. Jeong, C.H., Ham, S.W,, Kim, G.S., and Cheon, S.S., “Develop-
ment of the Piecewisely-integrated Composite Bumper Beam
Based on the ITHS Crash Analysis,” Composites Research, Vol.
31, No. 1, 2018, pp. 37-41.

7. Ham, S.W,, Cheon, S.S., and Jeong, K.Y., “Strength Optimiza-
tion of Piecewise Integrated Composite Beam through
Machine Learning,” Transactions of the KSME, A, Vol. 43, No.



58

Seokwoo Ham, Seungmin Ji, Seong S. Cheon

10.

11.

8, 2019, pp. 521-528.

. Li, D, Gu, M,, Liu, S., Sun, X., Gong, L., and Qian, K., “Con-

tinual Learning Classification Method with the Weighted k-
nearest Neighbor Rule for Time-varying Data Space Based on
the Artificial Immune System,” Knowledge-Based Systems, Vol.
240, No. 15, 2022, 108145.

. Ham, S.W.,, and Cheon, S.S., “Load Fidelity Improvement of

Piecewise Integrated Composite Beam by Construction Train-
ing Data of k-NN Classification Model,” Composites Research,
Vol. 33, No. 3, 2020, pp. 108-114.

Shahhosseini, M., Hu, G., and Pham, H., “Optimizing Ensem-
ble Weights and Hyperparameters of Machine Learning Models
for Regression Problems,” Machine Learning with Applications,
Vol. 7, No. 15, 2022, 100251.

Liu, X, Liu, T.Q,, and Feng, P, “Long-term Performance Pre-
diction Framework Based on XGBoost Decision Tree for Pul-
truded FRP Composites Exposed to Water, Humidity and
Alkaline Solution,” Composite Structures, Vol. 284, No. 15, 2022,
115184.

12.

13.

14.

15.

16.

Fayed, H.A., and Atiya, A.F, “Decision Boundary Clustering
for Efficient Local SVM,” Applied Soft Computing, Vol. 110,
2021, 107628.

Lee, S.H., Mazumder, J., Park, ].W,, and Kim, S.G., “Ranked
Feature-Based Laser Material Processing Monitoring and
Defect Diagnosis Using k-NN and SVM,” Journal of Manufac-
turing Processes, Vol. 55, 2020, pp. 307-316.

Fakhrmoosavi, E, Kamjoo, E., Kavianipour, M., Zockaie, A.,
Talebpour, and Mittal, A., “A Stochastic Framework Using
Bayesian Optimization Algorithm to Assess the Network-level
Societal Impacts of Connected and Autonomous Vehicles,
Technologies, Vol. 139, 2022, 103663.

Mandrekar, J.N., “Receiver Operating Characteristic Curve in
Diagnostic Test Assessment,” Journal of Thoracic Oncology, Vol.
5, No. 9, 2010, pp. 1315-1316.

Tsai, S.W., and Melo, ].D.D., “A Unit Circle Failure Criterion for
Carbon Fiber Reinforced Polymer Composites,” Composites Sci-
ence and Technology, Vol. 123, No. 3, 2016, pp. 71-78.





