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Composite

A composite material is a material which
Is produced from two or more constituent
materials. (Wikipedia)
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Introduction (Backgrounds)

» Composites — CFRP — Manufacturing & Safety — Al

Particles Short fibers or whiskers Continuous fibers Sheet laminates

=

| Composite Solutions Applied
Matrix [3] Reinforcement fibre Polymer matrix Fibre reinforced composite § 75 & Throughout the 787
Fiber
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Laminate [ 4]
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Transverse to fibre axis

Source: [1] Bartleby, [2] Progressive failure analysis of composite materials using the Puck
failure criteria, [3] Modeling of reinforcement fibers and textiles, [4] Composite material —Wiki,
[5] S. C. Bennett and D. J. Johnston. (1978), [6] BMW i3, [7] Boeing 787, [8] Aloha airlines

CFRP: Carbon Fiber Reinforced Plastic
® Al: Artificial Intelligence
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Introduction

Smart Structural
Composite Manufacturing Composite Joining Health Self-monitoring

(Rapid manufacturing, Al optimizing and (Fastener-free joining of CFRTPs and

LN . . o . © (Structural health monitoring,
digitalized real-time manufacturing monitoring) self-assembly of sandwich composites)

prognostics and health management
and non-destructive evaluation)
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Research Achievements (Overview)

Composite Manufacturing Smart Composites

Optimizing & Joining Functionalizing
|74 P
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Research Achievements (Manufacturing)

100%

Friction / Electric

Consumption 3%

Rolling Ressistance 13%

Aero dynamics  19%

Source: Krauss Maffei

CFK: Carbon Fiber Composite
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—> Ultimately, make CFRPs well

High-pressure mixing of Advantages: — \\ Source: Fraunhofer ICT
resin and curing agent — . v A
. a Complex 3D geometries
4> - . —)
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13 Visiting researcher experience

in Fraunhofer ICT, Germany


file:///D:/Präsentationen/Conferences/Microsoft/Windows/Temporary Internet Files/Mischkopf/130604_MK_Ani_Final_02.mp4

Research Achievements (Al for Optimization)

Prediction of Void Fraction and Optimization of
GFRTP Thermoforming Conditions Using ANN

GFRTP Manufacture

Assembly
Prepreg tape

4
-

Hot press

GFRTP
molding

Microstructure
Analysis

Cyéss-sectional
/photography

Visualization

Void fraction

ANN Prediction

Temperature ———

Time —=

Pressure — & “
AN

Stacking Angle — ‘\ { X
Stackin ngle \ /
Inputla /

- Optimal processing condition

- Minimum void fraction




Research Achievements (Al for Optimization)

Pressure

film

LULLLL LU UD Tape (439 gsm): 70 vol.% E-glass fiber, Celanese
. WYY \H\M?I\i n\\\ Resin: PP (Polypropylene)
Prepregs aten

Heat
Geometry: L 150 mm * W 150 mm * t 0.25 mm

Characterization

Cross-section Analysis

» Cross-sectional Image Analysis

— — Cut the test piece with Rotating wheel
O: Resin rich area — Semi-auto polishing

Vordvisslzaton — Shoot cross-section by Digital Optical Microscope
' — Analyze the stacking status and presence of voids
— Analyzing porosity by Python

void fraction Void visualization Void visualization

Pressure ) Left area

Middle area

Right area

30 bar | 0.22982

40 bar | 0.21530 e

ANN Prediction

50 bar | 0.25396 " : — Import Temperature, Pressure, Stacking angle and
Heating time as inputs into the ANN model.
— Output minimum void fraction and optimal production

conditions.

60 bar | 0.25648 [+
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Research Achievements (Al for Optimization)

- Emphasis on microstructure analysis.

- ANN-aided optimization.

- Time, cost, and labor minimization

- Process optimization

Cross-sectional
/photography

Visualization

Void fraction

Image
analysis

Predicting the optimal process parameters
through ANN,

- Improve molding quality;

- Reduce void fraction;

- Enhance product consistency.

Actual vs Predicted void fraction

Units = 32
—y=x °
.""i‘
i nits = 8 0.281
Temperature c * o
A £ 0271 %
o
Time T 26 ° ‘e
' o 0264 L i
adade @ Z -0 8®
Pressure g e | ®
Output layers é 0231 o
T
Stacking Angle 0241 0e” A4
ok R? = 0.9999
023 - e
L]
022 -

T T T T T T T T
0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29
Actual void fraction

» The proposed ANN models are
effective in optimizing GFRTP
manufacturing parameters.

- Optimal processing condition

- Minimum void fraction

i®



Research Achievements ( )

Co-curing manufacturing Objectives

> Face Sheet Post-pro 1. Process time reduction

N ™ s ™
Face i | Bonding of
Sheet - h

and Core cessing

/

2. Manufacturing cost reduction

0 ' M
Post-pro ) _
cessing 3. Weight reduction
j A j A /

Reduction in process time by eliminating the bonding process

Simultaneous Lay-up of Face

Sheet and Core > Co-Curing

“Film
=No-Film

. i I i i
15 I I
ub 3k 6k 12k

Maintaining proper bonding strength even after removing the adhesive film

Top face sheet
sheets

Bottom face sheet

Tensile strength (MPa)
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Research Achievements ( )

Proposed Method

Adhesive free
configuration

Facesheet

Adhesive

PVC Foam Resin bleed-ot
film

core prepreg sheets

Testing and Results » The proposed co-curing method successfully

manufactured sandwich composites.
45 45
= Oven ~Film —~ =Film
T, “No-Film © , Hotpress =No-Film
= =
c 35 iy ! i i = 35 - e f
=) k=)
& 3 g 3
@ @
o 25 o 25
@ ‘@
c
N 5 e
15 15
ub 3k Bk 12k uD 3k 6k 12k
Specimen OVEN Specimen Hot - press
Film usage Failure Mode Film usage Failure Mode
uD X Skin failure and core failure (2) uD X Skin failure and core failure (1)
Core failure and adhesive failure (3) Core failure and adhesive failure (4)
3K X Core failure (5) 3K X Core failure (5)
6K X Core failure and adhesive failure (5) 6K X Core failure and adhesive failure (5)
12K X Core failure (5) 12K X Core failure (5)
up 0 Core failure (5) up 0 Core failure (5)
3K o} Core failure (5) 3K (8] Core failure (5)
6K 0 Core failura (5) 6K o} Core failure (5)
12K 9] Core failure (5) 12K 8] Core failure (5) Core and adhesive failure
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Research Achievements (

Key Technology

| R
R cos 0
‘ ﬁ Skin side
h ,//6 Resin filled / a
Left : Hemispherical-pore infiltration model for pressure-driven resin flow.
Pore cavity Right : Optical comparison of NF specimens: (a) well-filled, (b) poorly filled.
[ ] Foam core side

Impregnated depth: h = Rsiné

Efficient area for bonding: A, (f;ciene = T {R* — (R cos 8)?} = 1 h?

» Understanding the resin
flow into the core is the
key feature to optimize the
manufacturing process.

» The amount of resin
impregnation to the foam
core is directly related to the
joining strength betwee the
skin and the core.

p Resin volume in terms of impregnated depth
Normal joining strength of the adhesive: g;,,,,, = " 3 T
ef ficient e
= 0.8 P § 0.8 s
: . _ N ’ £ 7
Maximum load: P = 0ying X Acfficient | rs 2.0 S
g - g/ E - //
. s = L7 = /)(/
Pore cavity volume: V,., = 2 {(R = h)2 X (BR—=(R—-h))} go4f o £ 04 /
X 7 ° /)(
2 02| 9/;{ co2) //
Volume filled: Vg = 2= R? &
olume filled: Vg = 3 R® = Vpore o==% ‘ : ‘ 0¥ : : : :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Resin impregnated depth (Normalized)

Viscosity and velocity: 7, = - Z—; (Newton’s law of viscosity)

Resin impregnated depth (Normalized)
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Research Achievements (Joining)

/‘“ -
_— W\ == B

O, O, O, e | Rosearch Fatures

e High strength

“‘-’ + Highconducivty
4

e Lightweight

Key Improvements:
e The CFRTP is polished with sandpaper. e Copper mesh reinforces joining
The polished surface is cleansed with acetone. e Lightweightness with functional

[ J
e The cleansed CFRP is cured in high-temperature and structural components
vacuum environment.

» CFRTPs were joined with copper wire (or
mesh) and adhesive.

» The copper material reinforced the joining

Adhesive Adhesive & oven Adhesive wire & oven strengths between CFRTPs.
(long)
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Research Achievements ( )

Cu Wire Joining Cu Mesh Joining

Cu Wire et Cu Mesh . raoe”
16000 [3s 20000 ] 18868.19N Lo
12977.34N a0 18000 4 )
1000 ] 16000  [A2587.20N [*?
< :z:: 439.74% g Bt Gearan £
LR | 2 3 o] 1.8
a. Cohesive failure  b. Substrate failure  c. Adhesive failure § o0 F 2 sl &
d. Mixed failure e. Delamination f. Mixed failure 2 Bm;mm 1_0‘%’ ) X&m.aeu "
» The proposed copper aided joining showed JEENENEREERE, AR ¥
superior joining strengths.
» The copper materials sustained the structural » The proposed joining method represented
loads at the joining interface. 684.74% higher joining strength.
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Research Achievements (Non-destructive Evaluation)

Durability of C/GFRPs

system
(Pulse)

Monitoring
failures

AE
(kHz)
Passive
system
(Event)

Requires
external loading

Interface delamination FRP-bar in SWSC eavironment

Plasticization

OOV s 02 D
S ¥ Se oo
Resin matrix Breaking of polymer chains

\ FRP degratation mechanism diagram in sea water

< OO cCcoOo0 "~

J

Scan and Analysis

usto-Ultrasonic scan

|
transd Pulser J Amplifier
orectumve] T s -
Echos from internal structure T;f:::;rc:'rg_.‘ < Receiving
‘ Transducer
- L .
1. ..... Transducer Adjustable Contact Force Specimen
Coupling Pad N
(e.g., Silicone Rubber) '[

r (l'oam)
3 layer (GFRP foundation)
Micro-Defect Detection

Multi-layered wind turbine blade

- Synergistic combination of AE and UT in non-destructive evaluation

Damage detection

Evaluate/VModel//Estimateithe’StructurallEndurance

Training Phase

1. Data Acquisition

2. Data Processing

uoneziundo EanPNOS

o e e
)

- Realtime FFT signal processing using Simulink
- Modeling for remaining useful lifetime using CNN
- Optimized image processing for NDE systems

.

Wide-band EMAT/PZT
Pulser Reciver (XTR-2022) )
[Picoscope Included]

I

Raw Data
extraction

FFT Normal-Damaged (HPF SOKHz)

Valtage ()

e Hmal
Danaye

2 4 5 3 i0
Frequancy {Hz) =10%

FFTcode
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Research Achievements (Non-destructive Evaluation)

Original C matrix (by TDS)

Chemical feature

Promrws REF w W-83 ~K —~K-83 G [}
Cy Cp Cgz 0 0 0] °®
Cia Cyp Cy 0 0 0 9 ° o )
c_ Cys Cy C3 0 0 0 - ‘
| o 0 0 Cu O 0
0 0 0 0 Cs5 0 ° g
0 0 0 0 0 Cel b oo oflk
SEM/EDX
Compare with Compare with
Inverse C matrix calculation Acousto - Ultrasonic Feature
(by wave veIomty) | e
Component Velocity type Direction
B vEP 0 acousto
In plane -ultrasoni
B vEP 90°
B e N Out of plan
Gz Vﬂ',‘“ in-plane 45* Slgnal
G Vis,1-3 (SSH1/bulk) 0z *Angular Incidence
Gn Vis 2 (SSH1/bulk) 507z (moge selection) | AmpIItUde, Energy, Duration, Count
Degraded C matrix Degrading coefficients
(by aging) Molecular
mechanics

Finite Element Method

with updated C matrices

Advanced
Remaining Useful Lifetime
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Research Achievements (Non-destructive Evaluation)

Ultrasonic testing (Sole probe)

Identifies defects by analyzing reflected echo signals
Low resolution and easy to analyze

Good for crack detection and i |mag|ng

Ultrasonic transducer
(with transmitter and receiver)

Q) ‘ © £

Material
/ under test

: R z
o ’g ;- D-scan
Al L 4gear s — — ~ =
— . RERGE SR
] 10 -scan

& z
CEIETEN

Normalizing A-scan signal

5x5(25) point array inspection

Y axis 5mm(5 point) N FFT NF (HPF 100KHz) JD]
e

N 3
ez
i ’ i
‘ ‘ ' | {l ” 07
X axis £ ‘ | ‘ “ ‘ PLL
5mm ;*-7 v| | le Avwki %no
(5 point L H “ ' ' v % o4
iy 1|H \
% ) 02
) 01 !
T E 2 B a s o g™
i ) 108 3
It

Averaged
waveform

Aeapang s

R

Acousto-Ultrasonic testing (Paired probes)

Detects intemal micro-damage through stress wave energy
High resolution, Hard to analyze

Optimized for evaluating mechanical properties of materials

My E1495/E1495M - 17

AU SWF

AU SYSTEM BLOCK DIAGRAM (Stress Wave Facior)

Armtmrv wavafnrm
I \
| Lpuiseriroceher Computerized AE system |

with digital waveform

z
Weighted ringdown = X, ¥,(C, - C,,,)
i

capture & processing

r;reamu\iﬁer T T |
. ()

—

Energy integral = J-:’ [v(]dt

n Acoustic Descriptor
10000 9414

Probe ——__| Receiver Probe

Top Suppart .
Z Pm%iextr:ﬁgjing . Examination £ e
Coupler Pad— /_Am'c\a J £ 52 ;
Ribbed Backin [ leadcel |- £, .

e Parametric output & 4000 18 50 3355
Hase Support to AU system F
2000
FIG. 2 Diagram of Apparatus and Instrumentation Used for Laboratory Application of AU
B2

000

tude WEnergy W Dur

Ultrasonic Transducer

Ultrasonic Receiver

( EIL
> \t% /\/\/\/|\ e Structure {

Bursted Excitation Ultrasonic Stress Wave
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Research Achievements (

Introduction
Prepreg CFRP layer

Discovered in mussex NH>

Prepreg CFRP layer

!

HO
N Co-Curing
H - Hot press
- Oven

Dopamine hydrochloride

Results Plan
- Dry CFRP
completely at
room
Delamination temperature
Reason - Experiment
- The epoxy dissolves in acid with various
- The epoxy absorbed moisture, reducing adhesion conditions
- The immersed CFRP was dried at 60°C, and partial
curing proceeded, resulting in lower adhesion

Chemical reaction

Analysis Method
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Structural Health Monitoring

Structural Duty and Safety

Aloha airlines aircraft failure (1988) 35W bridge collapse (2007)

Structural Health Monitoring
Safety, cost, and operating efficiency
Sensing element, method, and cost

Out of control
Schedule-based monitoring | \
Failure

Time —Q Q O Q
\‘

. L hx 3 |
Condltlon_based Monltorlng Periodic Periodic Periodic Periodic
Real-time. low cost and easy installment inspection inspection inspection inspection
= » /]
Inspection under in-service
Condition-based monitoring Damage detected

Failure/

— Condition-based real-time monitoring e
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Structural Health Monitoring

Strain gauge

Fiber Bragg grating

LS

Source: Michigan Scientific Corp.

Optical fiber Transmitted light

Reflected light
Source: Binsfeld Source: Tatsuta Corp
Quarter-bridge Strain Gauge Circuit [ A, =20A L \
T [ ]
Unstrained FBG
1
P =2n'A'
= < |
% P Strained FBG
= = - Source: FBG MAMQ| 7| X, Naver blog

Strain Gauge

®© Chipkin Automation Systems Inc.

Source: Fiber Transceiver Solution Corp.

Lamb wave

o - :

o o TG
Source: Data-Driven Lamb-Wave-Based Approach
to Detect Multiple Structural Damages, 2021

Piezo-sensor

Adhesive

Substrate
‘§ Actuation Waveform % Sensing Waveform
t Al
-} | |
Bl L
g !
L w
Time
Vi . - V.
’“‘N/ ) Adkiatss Guided Lamb Waves Siissi (j\,\) o
B T
[ A0 mode S0 mode

Source: Hole-Edge Corrosion Expansion Monitoring
Based on Lamb Wave, 2020

Incident

Backward wave Forward wave

Source: Barely visible impact damage imaging using non-contact
air-coupled transducer/laser Doppler vibrometer system, 2016
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Research Achievements (Smart composites for SHM)

Overview

@ 8 um Carbon fiber
monofilament

Gather 3000
filaments

Electromechanical Analysis of CFRPs

3K carbon fiber
single tow bundle

Change in m orbitals and

Composite

VARTM
or hot-pressing

Composite with various
electromechanical parameters

i

1 Junction effect

Inter-tow interaction ) Inter-ply

e interaction
Radial .
shrinkage Copper wire
J Electrode
Axial elongation et Sensor
Carbon fiber Epoxy matrix

Resin-rich area
Carbon fiber

reinforced plastic

Multi-scale treatment and electrically equivalent

electrlcal networks Schemalic’ R-equiv. factor Schematics - Trends circuit modeling
sp? hybridization Dﬁlocahzed x orbitals J\/\/\F - f," ) /,I;!
‘Q‘giaa 'q‘ 4 o o Retangation
( I 2 3 > Riundle 5| Ryunate
—— B e d AV
. ) rismosting
] = / R{\‘{\r Rintertow  Rtow sepafatio
, ' FWAWA— A
FVWA— AN
Binrerpty  Raclamindtion
“A— AN
P Elastic deformation
# -;\N\r
| <> Electrical resistance
28 SHM: Structural Health Monitoring

VARTM: Vacuum Assisted Resin Transfer Molding



Research Achievements (Smart composites for SHM)

oadi
W <«— DBLT

— Silver paste
Voltmeter

Specimen
Current source
30 AWG electrodes

Real-time
in-situ
self-sensing

Part to repair: Y1 4919

Receiver .

Heiuuya!(m! 0035 /j\
Hlongfatlure oms %\\] V‘
Rbu:ldlsf 4/\/Wl . ?
’\A/\{ % 0018 "
0010
0005

Tensile strain (mm/mm)

» Electromechanical behavior of CFRP enables self-sensing.

= Smart CFRP is reliable with real-time self-sensing system.

M. McGugan and L. Mishnaevsky Jr., Coatings, 10 (2020) 1223
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Research Achievements (Manufacturing monitoring)

» CFRP manufacturing is high-cost, labor-intensive, and time-consuming.

Limitations from the Literatures

1. Embedded Sensor

- Expensive, Possible of damage,

- Cause of stress concentration.

2. A posteriori_inspection system

- Absence of real-time monitoring.

Ref. #1

Inlet

Ref. #2

Transmitter

Receiver

Novelty and Originality

1. Low cost
2. Simple installation

3. Real-time

Electrically

insulative mold

>

Cu-tape

#1. A. Dimassi, Materials Today : Proceedings, (2021),140-8

#2. Chenchen Zhang et al., Ultrasonics, (2023), 106884 30




Research Achievements (Manufacturing monitoring)

Monitoring CFRP Manufacturing

Overview

@ Electrode analysis

DAQ 6510

(Multimeter)

® Resincuring = ------

N — " DAQ6517B

" (High-resistance
/ multimeter)

0.15

0.1

0.05

Resistance change ratio

.05

=T

75
Time (Min)

> @ Resin curing monitoring

35

30

NN
(SIS

Resistance (GOhm)
> o

o o

1

o
o

o
o

m— Resistance
Degree of curing

N
~

o
N}

50

IN]
o
So

100 150
Time (min)

Degree of curing

@ Electrode analysis

Electrode material:
Silver paste vs. Cu-tape

Pressure and contact resistance

@ Resin flow monitoring
Electrical resistance changes
Resin front detection
Degree of impregnation (thickness)

® Resin curing
In-mold resin reservoir system
Customized electrical probe

@ Resin curing monitoring
Differential scanning calorimetry (DSC)

Polymer crosslinking and
electrical conductivity changes

Ultimately,

Real-time composite-
manufacturing monitoring mold

Detect resin impregnation and
curing using electrical resistance

Shll



Research Achievements (Manufacturing monitoring)

Experimental Analyses
Top view < Mold
K Vacuum bag
< Carbon fiber
= —& Inlet/outlet
< Resin flow media
S —=Resin front end

Side view

Poorly impregnated Well impregnated

< The furthest front end
= The effective front end

O°direction
3 min ‘
0.05/ ! :
o) |
@ :
o |
< 0|#3:
-0.05 L :
10 11 12 13 14 15
p Time (min)
— + gz + — = constant o
2 P 0°direction
01 ' 1.8 min !
: —
o |
% 0.05 |
// = !
i 0 —e \—15—37|
_# 45 | #3 | —26—a4s8
10 11 12 13 14 15

Time (min)

» CFRP manufacturing considering Bernoulli‘s
equation and void contents was investigated to
improve the composite quality: Time and void.
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Research Achievements (Electromagnetic Interference)

Thermal and Electromagnetic Effectiveness
Electric Vehicle Communication Controller (EVCC)

EVCC is a device that communicates with charging stations on rechargeable electric vehicles.
I = ccTroMAGNETIC INTERFERENCE [l

Radiative
—

> Key Functions of an EVCC %*

l Inductive ] Capacitive

Communication Management =

e
Conductive

The EVCC acts as a bridge, enabling seamless communication between the vehicle and the charging station.

Power Control

It manages the flow of electricity, controlling voltage and current levels to ensure optimal and safe charging.

Charging Management

The EVCC handles the overall charging process, including starting and stopping charging, and monitoring charging
parameters.

CFRC/Graphite
CuPET

foam

CuPET
CFRC/Graphite

EVCC: Electric Vehicle Communication Controller



Research Achievements (Electromagnetic Interference)
Thermal and Electromagnetic Effectiveness

[ As-is ]
Electromagnetic shielding v
performance verification f;’f _ gm
M: Bi:
M., B

Electromagnetic shieling performance
according to the difference in thickness

Az
A
Agg
Bis
Bas
Bag

Agg
Az
Agg
By
B
By

By
By
Big
Dy
Dys
Dy

By,
By
Bag
Dy
Dy
Dy

Developing an automated
electromagnetic shielding analysis tool

[ Break-though ]

Big
By
Bygg
Dy,
Dy
D

Analysis of electromagnetic shielding
through extension of CLPT theory

of the conductive layer
- & u: N
N e
G
Application of MG model to | - |
electromagnetic wave analysis of Electromagentic shielding analysis
composite materials using Ansys HFSS, Twin Builder /

Shielding/absorption analysis

Circuit Simulator, Slwave, CST studio

[ To-be ]

Conductive layer with
appropriate thickness

Conductive layer material
with high electromagnetic
shielding performance
efficiency

Equivalent model for
thermal and electromagnetic
analysis with finite element
analysis
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Research Achievements (Electromagnetic Interference)
Thermal and Electromagnetic Effectiveness

Current method

Shielding Effectiveness (dB)

14

-
N
T

-
-
T

"y
=]
T

©
T

[+
T

1 Experimentaldatal

7

N

3 4 5 10 20 30 40 50
Frequency (GHz)

1 2

Results of measuring/simulating actual S-parameters

Return loss

* Return loss

SEwwa(f) = B(f) + AS)

th - Z
R(f) = 20008 [F(7)], T() = =B
N N ey
Zmat(.f) 0 Eeﬂ-‘(jc} £l Z{] ~ 377 ﬂ

* Absorption loss

A(f) = 8.686a(f)d, alf)=R{v(/)}

Y(f) = jwv/ oo gerr(f)

w
S

Shielding Effectiveness (dB)

=)

MG + DHM model

|—Total SE (R+A)
g0 | -Reflection Loss (R)
[ ¢ Measurement

o
=]

n &
= =)
—

=)

SE vs Frequency (MG + DHM 2 &)

...................

(sf—|—25m+2f(ef—sm))
Eeoff = Em *

ef+2em — flef —em)

* MG + DHM: Multiple reflections, phase delays, and wave
guide modes are not considered
Absorption loss increases explosively

* S-parameters: Experimental errors, antenna beam patterns,
and other real-world effects
Slow changes between 8-13 dB

Frequency (GHz)
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Future Plan (Long term) @B

Smart optimization Functionalization

— +gz+ % = constant

( 2
GFRTP Manufacture ¢ ® 0°direction 03, Thickness
Comparative analysis of GFRTP manufacturing ] —16—37 5 —12—58
£ 26 —a4-8 0al £ —34—7-8

under different temperature, pressure, time,

stacking angle, and vacuum conditions.

Microstructure Analysis (® s o 2 w0 0 15 20 25 0
. . Time (min) Time (min)
Cross-sectional analysis of the
GFRTPs using Python. N Ay Ap A By B Byl [ e - aeAT
Ny Ap Ay Ax Bz Byp By €, — ayAT
Nyy| _ |Aws Az A Big Bos Bes | |vey — anyAT
M| [Bu Bi Bis Du Dix D Kz
. ) M, By By By Dy Doy Do Ky
ANN Prediction (® .| |Bu Bu Bu D Du Du) | as
To develop ANN to predict the optimal AL €1z ™
conditions of GFRTP manufacturing. e Ly — Ly = & _ L e a,| AT
Ly AT AT
S =3 @uz s pe €22 a

l - EHE Tensor HY

(e} ={"}+z-{v}——————————> {e} = {er} = AT

[T —— ]

Pressing nose
Fiber in lengthwise
Matrix failure with fiber bridging

Failure at inter-tow area : . -
Support © Remaining Useful Lifetime

Failure near strain gauges

Dead zone
(Atways
same)

Resin can't be a same
distribution for each

surface Aroa

Conlact sirface w
Effect by couplant inside. Effect by Resin distribution
Roughness (Specimen position)

Make Smart

IS

)
3 o127 ——0.10 1718 1500 E o34 1192 1920 1500 E 23 —a—1041  18.19) 1500
o 8 ailosesian-—ea| B 5 7.8 o186 - -Low 8 y5|lorerens -t |
= v k 1200 = = N 1200
&, =85 =% s -
] g tsc, 25 2510 =50
1om | £ 5 s § 1
A o 58 85 s ; oo 8
=5 8 0 S8o S8 ¥ 0 S
2 s ! 300 2 20 . Vg 300
n e |gen y & & & 3
b 0
0 5 10 15 0 5 10 15 ) 5 10 15
—_—— Flexure displacement (mm) Flexure displacement (mm) Flexure displacement (mm)
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Summar'y Manufacturing and Condition-based
Structural Health Monitoring of CFRPs

Composite Manufacturing Smart Composites

Optimizing & Joining ) Functionalizing

ot ADVAWNAN
AX.\, e e ADWN/
3} Human Al
. ¢ INTERBINL 7
Q B INTERFACES
Slicing Cross-sectional
Bottom face @
Agyhe e 4

change (Ohm)

Assembly photography

3

-~y s
GFRTP H':mrlens; ﬁA < Visualization

Python Void
Image analysis fraction

Prepreg tape

Plainwoven  Lengthwise  Crosswise

esistance

R

i
Real-time sensing on
local and global deformation

Fastener-free Joining
L

. [s30m
.
Adhesive 1026
p
.
‘

) 0 sec 117 sec

O]
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Manufacturing and Condition-based
Structural Health Monitoring of CFRPs

Thank you for listening

Make Smart Composites, Intelligently [@g

&
< Z)
A \y Lab
NA, 1939 AY
':..\‘- .4’.”"
<
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BeSTIS: Be Smart, Then It's Safe

100%
Consumption

Friction / Electric

Rolling Ressistance

23, Huyx =28 7| 3

Social Needs

Aero dynamics  19%

3%

13%

Drive Train

F-’."-

Weight reduction in %

-
N
=3

k>
0%

3o

e A=Y =7l
T 23X FEEQ)
S 9Kl L 24 7|E
S8l End-product o] Y& 3 HIL EHe
Composite
\ \
\\ —
N\ ¢ = N\
Qﬂlﬂl‘r'e‘:‘info?frrueml 7IXW|(matrtxl . Sﬂﬂlglféwmsites)

-
=3
=3

-3
=3

o

CFK: Carbon Fiber Composite

BeSTIS (H|AE|2)
Be Smart, Then It’s Safe

T T
100 mSteel % m1 kg Steel
@ Aluminium Lg @1 kg Aluminium
mCFK " B1kg CFK
e
]
3
= 13
8
-
[
2
© | | : : :
= 0 2 4 6 8 10 12 14
B 3hxjof| Cyst & |2 23sHx|

Founder’s Motto

O] M&2 Ol&| Stxt
HOHA Ext

WESHA XL

>
e

ThA M Q23
= I.AEI
= -1

(Carbon fiber
reinforced plastic)

Nﬁéggﬁ?;@’
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BeSTIS: Be Smart, Then It's Safe

Ao 2 HHA

| -

= Zthat =4 44l

SSal]ls |edlueydsN

Tensile extension

BeSTIS (HI2AE|2)

Be Smart, Then It’s Safe

Electrical resistance change r
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Literature Review (Self-sensing)

Carbon Fiber

Ref. #1

Fibre axis

Transverse to fibre axis

Carbon fiber =

s Change in a graphite crystallite

Ref. #3 —
a) d)

B 3
§ AN 1 05

2 Ll VILVENTEET | e o 0 ININIWALAL

L A AN N Y

F VAL il 1.00
T e
Ez: ) ) -
F =
.% 2 1.0
_?_.’ 1 05
w

0 { 0.0

d due to mechanical loading
changes electrical resistance

E:
14

Deflection [mm]

Cut before testing
Graphite layers Ref. #5 et =
: ;;‘m _~Carbon fiber j;m[
Ref. #4 » B i
.I 'Z‘ Cut before testing Cardboard
"% 24 :
% 2.3{ —#= Loading I == Unloading
c .E“ I
-~ 21
a0 |
ém |
‘Em | \.\
21.7 ,/. | "\o—
/ 14 W 20 30 40 50 60 TO B0 % 100 %0 30 TR 60 50 40 W 0 10
( — [ Stress (MPa)
mano-strp crystalite " / #1. S. C. Bennett and D. J. Johnston. Proceed. 5th London Carbon and Graphite Confer. 1 (1978) 377-86
e [ m— — #2. M. Lee et al. Scientific Reports. 5 (2015)11707
e = #3. S. Cravanzola et al. Carbon 62 (2013) 270-77

#
junction area

#4. G. Zhou, J. -H. Byun et al. Carbon. 76 (2014) 232-39

#5. X. Xiand D. D. L. Chung. Carbon. 145 (2019) 452-61
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Machine Learning

Machine Learning for Self-sensing

(x — p)’

. 1
fx&|Y =y)~N(p,0°) = T [—

20*

Posterior
distribution

Probability density function

Crack length error

v
Prior Probability Post Probability
Distribution Distribution

) N N 1 b ) :
p(Dw) = [ [ptilx. w) = [J(2m/b) Zexp [75{.)11‘ ffm.W}}ﬂ
i=1 i=1

Crack length
1
0UB]SISaY

Time

Y : Measured data

Bayesian learning

— :Real length
— : Predicted length
— : Resistance

F(Y = y) = DO = Dfx(x)

X : Uncertainty variable fr(y)

fr|1X = x) = N(y, 0)3,)

fx(x) = N(pg, 57)

Input
layer

00.0 ©

Electrical resistance changs ratio

Hidden

x(1) —

layer 1 Hidden 4 L - |
- Flexural strain (mm/mm) :
x(2) — Output
layer
x(3) —
— H(D)
x(4) —
: — (2)
x(5) —
- Damage Training data
_ location
=0~ gShortest Longest Guideline for iteration
Electrical . )
inter- inter-
resistance -
electrode electrode
measured . )
distance distance

\\(50 O\ 0

*O“[E@cm {d}a@oo

o-0-°

Calibration at each electrode s i

=

Chmb)—z

1 ‘ -
= > lly(z) — a? =
n <

Cost function in backpropagation

Al (Artificial Intelligence) can simplify the self-sensing algorithm.

45 Al: Artificial intelligence



Machine Learning

0.35

03

Electrical resistance change

o o o

o o o o N

o (9] - (52 N (%]
T

o
1=}
o

1. Elastic

2. Dent

4. Puncture

o

3. Delamination
10 20 30 40 50 60 70 80 90

Input energy (J)

Actual data: Damage severity analysis of CFRPs

Confusion chart

Damage Severity
Analysis by
Classification

CFRP: Carbon Fiber Reinforced Plastic
ML: Machine Learning

R: Electrical Resistance

E: Energy

F: Force

Maximum energy (J) 0

Resistance change {Ohm)

Advanced ML: Fuzzy
Clustering Method (FCM)

Input: Experimental data (R, E, F)
Tool: FCM by MATLAB
Output: Discriminate classes

-
of 2 Input: Experimental data (R and E) 10000
<, , Tool: Classification by MATLAB = 8000 -
i Output: Discriminate classes 8 om0 |
= £
3 2 ézouo\
0 1 2 3
Ol= 2ch2
ML.: Classification of damage severity
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= = 0000000000000 4
€06/ w X & € 05/ 0000000000060 © Nodamage | -
-CC) S 0000000000000 o Dent W
et O e 0000000000000 e |E
° ° 04ro00000000000 00 ¢ Delamination
204 2 0000000006000 * Puncture |7
@ O @ 03/00000000000000esnssanznse
-S 5 00000000 OVOO O x & &xdxd & & &x x &
0.2 Q000000000000 & & &t b & & & & & |
Q | O No damage o U 00000000V OO VOO = &bt & & x & &
80.2 O Dent e 000000 GOO0OOT TG & & &k
© >< o o Del ¢ T 0.1 0000000000 QO & & & & & & & & & & %
» elamination | 000000000000 BN EETTT G T A WG
g <> g Q000 OO OOOOQ & i & & x x &k ox o
S ol O “x Puncture o 0} 00000000000 BREXTERR B e
o 00 X New data o 00000000000 & i@ & &
O OO0 OoDOO0OOOO & & & &x &x & o & & & i
L I 1 L L _0-1 & N Y e .
0 20 40 60 80 0 20 40 @60 80

Maximum energy (J) Maximum energy (J)

46



	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28
	슬라이드 29
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35
	슬라이드 36
	슬라이드 37
	슬라이드 38
	슬라이드 39
	슬라이드 40
	슬라이드 41
	슬라이드 42
	슬라이드 43
	슬라이드 44
	슬라이드 45
	슬라이드 46

