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Molding Quality Evaluation on Composite Laminate Panel for Railway
Vehicle through Cure Monitoring using FBG Sensors

Juyeop Park****, Donghoon Kang**"

ABSTRACT: Recently, in the field of railway vehicles, interest in the use of composite materials for weight reduction
and transportation efficiency is increasing. Accordingly, research and commercialization development to apply
composite materials to various vehicle parts are being actively conducted, and evaluation is conducted centering on
post-measurement such as mechanical performance evaluation of finished products to verify quality when composite
materials are applied. However, the analysis of heat and stress generated during the molding process of composite
materials, which are factors that greatly affect manufacturing quality, is insufficient. Therefore, in this study, in order
to verify the molding quality of composite parts for railway vehicles, the molding quality analysis was conducted for
the two types of composite interior panels (laminate panel and sandwich panel) that are most actively used. To this
end, temperature and strain changes were monitored during the molding process by using an FBG fiber optic sensor,
which is easy to apply to the inside of the composite, and the residual strain value generated after molding was
completed was measured. As a result, it was confirmed that overheating and excessive residual stress did not occur,
thereby verifying the excellent molding quality of the composite interior panel for railway vehicles.
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Fig. 1. Configuration of FBG temperature sensor [10]
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Table 2. Properties of fibers and core

Type Thickness Basis weight
P (mm) (g/ m?)
4550  Rovingcloth 0.6+0.07 58058
(shaft satin)
#823 Yarn cloth 0.23+0.025 294+18
(plain)
Type Cell size (mm) Density (kg/m?)
Honeycomb
2 4
Core (Nomex) 3 8

S oES gk olejg 72 2 A4E RS 4R w
dr e -T’OJF/H 3-(single mode fiber, SMF)2] 7
- SF7] wfZoll B Wl A

o1 ek Fhoh B f A —‘%%7—4011 ZoFs
l

. AR A el ThT B4 W e
o] &3}t Al Aﬂi QJ%P ALR Asdels vy gk
A 3ol o (broadband) 9] T}4-& ZH= WS FBG AlA| &2

QA7 R, B2 27} 7o) ols] AT B4 o o
S JR A7 Y o] kS Bl 5} (bragg wavelength)
olekn gtk o] 49, YPTHOE HEotoL YA 1
S (peak) ] A} E4S 2] ), ol efat Hej1 5}
e 4] (U3} 2ol Lot AR Eo] AFA T BAE
Fh2| = E A S zhit} thA] 9, FBG Al A 7} &% Fi
HEE Wste] =S HH vhAbE oA gho] WsHA =
o, ol ATH o2 gleintol A S E = whajakge] w
o|(shift) 2 YEPA =B o] F F3f 2ot HIPE AllA
2 2875 Aolt(7]

A = Ap[(a + E)AT + (1 — p,)Ag] (1)

A7 Age Bl 34, o= 332 E3AA| 4= (thermal
expansion coefficient), &= & 05}74]-]—(thermo—0pt1c coefficient),
ATE 2% W3lEFe ou|gich. B3 pi= FEA A
(photoelastic constant), Aex= HEE H3FLS oJu|sic).
2.2 FBG 2= MA M=

Al (1) A] & 4= Q=0], FBG AlA Q] mHf Wste ow
oF HEYE Wolerol glojn, 2rof My Eo] dof2lel gt
SAS A= ol AAE 22 S8 Zadol 9l
o ufebd, G AA S MEE WSS 002 ThEol
2] Wl ¥ 5H FBG £ A4S A 2stair
o] & 93l Fig. 19} Z-o] 200 um W7 (inner diameter)] 7
2] AT (glass capillary tube)o]] 405 st o ¢
TE oNFAIZ A sto] {2 WO FHFE W3

N

ottt ©
(]

of thall FaFel gl Jei= ek
3. 849 ELIEE

31 M 7Y
= AFolA = Aol A EE e 534 28 5, 2
tjylo] & s @i} M=) %] s dof thet A HE S =Y
el2eloich U LS Slg Bahile] 47 e A
HwaFe 23 A2 A1 =54 ALstdct A
T+ 35 = 21445 25 #580(roving cloth), #823(yarn cloth)
of] = =] (phenol resin) 7} 3+ 3] ¥l 3 2] 2] L (prepreg)
£ AMg5190 0], MEQJK] Tde] FoT= 3L (honeycomb)
2.9 12 (nomex) TO1S AHEBFSLE 2 Ax)e] 74
)9l ARSFS: Table 29} 7}, WU S oJak Baba) Al
© 300 mm x 300 mm 27| 2 A2sIEon, FBG AL 4]
(2)9} 7ro] Baltx] A= u}A 3= Z7k=0] Alelslgitt. o]
o 49 el A A W B 9 WBE Aol
ahelal7) $ltol FBG NS 7 AlHe] Fokal 71gaie]

o Hgaloich.

[Y/R3/Y /{07, 0.}, {07, 0:}s/Y/R3/Y] 2
o]7]Al, {}= FBG FAl ’Eﬂfﬂﬂ AE S5 9vsiH, 0,
+ 2% AlA, 0= WP E AlA, CG= 53 Al 5%
S AR EE 9 U]?_Hq-. = #823(yarn cloth), R
#580(roving cloth) -3-2]d--& UEellt} EHo=z, A=
H A @ Fh2+= Fig. 29 Jief=E Sl UERleh A

H580 e FBG (fomp.)
#823 FBG (strain)
core FIT
300mm
| - »
- 4
. e W
150mm 10mm

(a) Laminate panel

FEEEEETR

(b) Sandwich panel

Fig. 2. Structure of specimen stacking and FBG sensor application
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