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Abstract - Research on polymer matrix composites with excellent molding processability and mechanical
properties in the automotive field including hydrogen fuel cell electric vehicles is expanding to
Computer-Aided Engineering (CAE) to support the design of materials with specific mechanical properties.
CAE automation requires the prediction of the mechanical properties and behavior of materials. Unlike single
materials, the mechanical properties prediction of polymer matrix composites is difficult to explain with for-
mulas because the mechanical behavior is complicated to be explained only by the relationship between the
matrix and the filler. In this study, the stress-strain curve according to the composition of polymer matrix com-
posites, which was difficult to predict due to its sensitivity to large plastic deformation and composition, was
predicted based on machine learning of the test data. The developed model finds a complex correlation be-
tween matrix and filler types and compositions, and predicts the total stress-strain curve meaningfully even in
the absence of learned test data. It is expected that the material design Al system can be completed in the future
based on the developed model that predicts the mechanical properties of polymer matrix composites even for
the combination and composition that have not been learned.
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Fig. 1. Stress-strain curve of polymer matrix com-
posites.
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Table 2. Tensile test conditions
AI203
AI205Si Test condition
PCABS
BN Test speed 50 m/s
Si3N4 Test mode Single mode
Strength 10
A203 Type Plate
P Al205Si Gauge length 115
BN Thickness : 4+0.07 mm
Plate scale -
Si3N4 Width : 10.13£0.03 mm

KIGAS Vol. 25, No. 2, April, 2021

- 66 -



ZIA kgl 719k ALt Al HekEA o) 714 24 AE oS

A%, stk Fol A uheAl sk ngA) mgow A
W] ofel ol STk wak ole 2L FHo
&AIsh 24 AN BT QA HolA, A
2ol 27k 27] W), dAgde] 243 717
A 4o BAE sty ofelsich

l. & 7|Ass =

3.1. Deep Neural Networks

Deep Neural Networks (DNN)< U4#H53 =9
Z Atolel 374 o] 2gZo = o] AFAA
Lotk AFAARY] FRlE ovA|, I A
o 2|3 Convolutional Neural Network (CNN), A}
Aol A2} AAE E5oll f83 Recurrent Neur-
al Network (RNN)5-©] Qlom, B AFixE= HE
Ho =2 8% 4 3+ Fully Connected Neural Net-
work (FNN)E &3l 7]1AI185S At [4].

3.2. Bayesian Optimization
Hyperparameter tuning®l] AM8-5& WHEOSE
AREAZE ok He] koA D
afjFo], A gkl Bt WS vk H A9 hyper-
parameterE 2% EES 2= W{oltt 5]

z" =argmaxf(x) 3

A7)A, xE AA"E F9ola, fix)e AlAkElEo]
aUA JEE 22 £ mdolgia 714
E13=3

Bayesian optimization> AFA A2 ¥Fg sl 7bH
hyperparameter 5 HA1t= WHOZH], A AJH
M2 ZAHE dHlolHE ENE E43}4E FH5
= 2492 surrogate model3}F 7191 A E A H (like-
lihood)E 53l F4¥ =S vIRFSZ input data
£ F23}= acquisition function®. & FTAHET &,
random search®} Gaussian distributionS 7]4¥FO 2,
A A| data®} surrogate model S ©]-8-3}%] 4A] model
£ ZA] Qo= maximum valueE =E3E 4 Atk

2 AFdAe 449 MEsFRDAA 45

T2 E0]7] 93l Bayesian optimization 7]A|%}
+F 7I'H& AH&stem, o]& 53l hyperparameter

=
KR
=

4502 wEYh

Lo oy ox

B

3.3. PythonZ|8} TensorFlow2} Keras
TensorFlow 201535 7-F B# ¢ &o] I
37 A 7|AISE A SRS E QEAL: AXE

- 67 -

o] golH e o]t} TensorFlows 1#|X TZZ
FdH HHEE o]83[A] transaction?t] oJEALS
Ql2)5la1, =9l input data® S tensor’} &
HE o gEzxo=m A4S Tt FrHo=,

CPU, GPU9| tuto]xo] Bk ALAEE T3HT
AdE 7HIAAL BT o]8E & JS R ol
L3 APIE 2835t H3RE V|AISkE volz
RIS 75T F Aok 1 4 +

gk dagFel dig) we dlsds AHT=

712t [6].

FolA= ©]# g TensorFlowE = ol
AH83A )& KerasE B3l 7FEHATE £
2L Jayers 3¢ #ol & HEY A

, sequential S 2ZFE HolH 1, T

| e 29 FZ, dense, 843} T+ 5 A

i)
)
2
)
2
U
2

i

o}
e
o

f
rir

[e)

ro fo |

2

ot X
ol BN OFE jo g

o

v. o =22g

41, o5 29 e
B eRol At 1R A9 B o)
FolA) Az thE T 7pA 24l tia) 2gA
HolEl S Sheratel, DNN W20 o] 4%
A B35 o] A B AT A4S Az

st

ﬂllo H
S Ar o N

42. Hio|g| Mg
B AT A E AZAIE ZAHE dolEHo] 22
TE312, B3 DBOlA HolE & % HAAE

42.1. IEA EFFA JAFZAE Hdolg DB
st R 9 o2 A4 HolHE
st 2,366719] AFAIH O ZHE F3 SH-4
HE AEE raw data® AFE3ITH

Fig. 2. Overview of the proposed modeling sys-
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Table 3. Prediction range of the proposed model

Polypropylene (PP),
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Fig. 3. Flowchart of the proposed modeling.
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