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A Case Study of Innovative Engineering Education System by Idea Factory
(Development of Temperature—Humidity Control Device for Fiber Storage

on Composites)

Park, Soo—Jeong*-Kim, Yun—Hae"

*Department of Mechanical Engineering , Korea Maritime and Ocean University

ABSTRACT

This research is as a case study of innovative engineering education system through idea factory of korea maritime and ocean university
and deals with development of temperature-humidity control device (THCD) for fiber storage on composites in viewpoint of problem
solving method. Fiber reinforced plastic (FRP) includes many variables on the composite manufacturing process. Above all, the interfacial
adhesion between the fiber and the matrix acts as an important thing that decided mechanical property of the FRP, and also it is profoundly
linked to external temperature and relative humidity. High void fraction leads to a result in interlaminar fracture. Therefore, in this
research, to establish correlation between fiber reinforcement and fiber storage conditions of temperature and relative humidity we developed
a THCD for fiber reinforcement. To evaluate performance of the THCD, glass fiber reinforced plastic (GFRP) is made under the extreme
conditions each temperature 34 °C, relative humidity 98 % and it can be said that there are the change of mechanical properties according to
fiber storage conditions. As a result, the THCD showed sufficient possible application for understanding and applied research of composites
field in material engineering. Also, we could check that the necessity of introduction of innovative system such as idea factory existed.

Keywords: Case Study, Innovative Engineering Education System, Composites, Idea Factory, Temperature-Humidity Control Device (THCD)

LA 2

AT oiet i setuae AodE S ekl 7 -5
%1+ (Fusion research based on ltidisciplinary)E 74
o= FepdAe] gt mes Aslela Uk (o]F 9,
2008). 23k Age] AR mlIgoz AojA P (783
Q] 2011), ‘FMIAIYUE T 72 Aol wjRS flgt 71
WIS AESIAL Fohlels 7] wet shEelAl &
WIS o]g U OF it (0]7), 2009). Li} o] o]
22 24 Ao 253 nukEo g AER ALuSFHoA =
25l olo|t]olE ARESIAL ARS|-AIERALY] Aulo] AR FA)
Z QIS Yele FEsled] I3k A Foly wge

Received October 21, 2016; Revised November 21, 2016
Accepted January 10, 2017
+ Corresponding Author: yunheak@kmou.ac.kr

oj2fgt A= ofoltfolu} =54 U EUE 7HEE HF
slaL ofof tigt AukE AP |7 E shte] Aod S At
o]Z (Cycle of creative actlvmes)ola} Aolat o= v
A AL o)A AbaL, SJARAA] ARl Tk 22 ofg] 7ER] AL
I ol Foke vlFch whebA] ik A A4 Aol 4]
Z3F WS|4 Hlojuh Aol TS 9J3) LE Q] HISFAS
AAsiar 747HQ1Y] Y Tdsls GatRe] Hgto] 7
gt AAo|ct.

ShAsoffstn ) Idea Factory= 20154 AR AE
AR T AR R, AREE oot olE AEshal Ad
o W= ot &2 Aoja Fxtolok, Aul-¢leguls 2w
oo TUHORE P55t TAYEY] AoFQl ofolrfo] ¥
AIASE 913t 71sold AME Alstal §lom §414
L AojAel S FAdskal ok ®3E Idea Factorye=

Y
o} e MYBAS Tow shSe] el Pols

ox o
XE o

(<]

|

rIo _I

i)

63



e

1. Idea Factory L &2& A &3 AIAH

|
4o
o

Idea Factoryoll= 33H4 Akaie} tjgo] Fsk A7
A At A=o] Al di7lskal glom 2 ARjlel dgk
‘Uf £919] ofolro} | ‘Al7|=9] ARISF o} T AlfulabES

Mslel etomn TaAe] 2He B3 TIEAS

sz

_r]”(ﬂ— /\]- EL:]_; Z]*‘—;G_.i /\Eﬂo]——! oh;} =, ’}:}E 31,15
UGS S B Aol Ukl 2 3 oz o

o1l ‘ﬁo ofolt]o] E2Z 9fot BHJIAER 73] f
gk olgfje} FEHAE 213t Eg= (TRIZ) 7HL4°ﬂ ohek sk
= AIRLOR TRt F5HA AfaL 9l AA 71 aieA Eok
o2 EYE Y=L ¥ ZRAE (Team project)E 5345}
], A-5A Idea FactoryE o824 38 A7 9 A&

M 59 B3 skl o Yot 55 29 2 55 Y 5
ohoket Ak AEdit). E3k TS 7180 JiRle] 5
Sk AW ok ofel 3D ZHEE Z8s57] 9%t Eﬂ]a
(Modeling) € CNC EH71& o83t A= 71 ¢ /\]Zﬂ
AR TreFst 71715 AstA| = o] & -§-8dto] A+ 2
< gt}

o] 9ol [dea FactoryollX= 7|18 =& ofolt]o] Ity
3] 9IRS Rk glom 53, sk 543t Ssh
of Ut 2A-sf%F Rofol] E3FH ofolrolE digf HhEsaL
Ut 3 ookt £ 2 AnuE skl s, dE =
W g, 59, 7le 2 AR nHEel #ek fa2E ol

etz 214 7+ Idea FactoryolXl= ¢F 70 719 ofolrio]
£ =619 r—_!'r’]: SEEY] oAbl wet 55 =9 9
5, AYgE, A o3 9 3] L sjests] f4 of

o

ojtjo] W =F Wi 5 < ofolr]o] WaS Qg gEd A
Hs At ek

2. TMCD 7/fetS S5t o™ A &5

Idea Factory 9|4 A+ S5 A Z2AEO] 3t 7}A] A
g2, 2 dfoflies A=gst da W I 71z EAI14

64

7IRel oA 3 Hf HiE 5= 23 A
(Temperature Moisture Control Device, TMCD)E 7lts}
et

TMCDE 7H&3t7]o Shx
014] IS AR} £
g3t EAE Aol o,
7IAA E/g0] A=A Aokol A HA ZAIG F WA &
Al AdA W 2%, 528 o] ol Holx] ¢+= ti7] 59
S Agtsto] AFE Mdsh= Aodl= S 7HItk= A
ot}, o]& Ed|& /hA 7hseh ks BAstglon 1 Axt
B3 At qlo] 7] et WS BAE 7= ARE
Adsto] AA7F opd 520 EAISES WA FYs]=
skl

I 5 IRAE VAR sk Aadst B3 = (Fiber
Reinforced Plastic, FRP)E AdRdE AAstglon, FRP
7} 7= EAS EA5I9LE FRPE AE 34 A B2 He

£ SRRt dE 59 2EH R A7 FRPY 7144 &
A2 Aot ] 7k AW AEE (Interfacial adhesion)®
Ofsf we 0365 wom offgt A A FRP 4% 4
2T QAF Bl & Seof W
ATAS 7ML (B3 9, 1990). A U 23] 82 4
A 73t A" Yol 3= S SRlska et —rXH
AdtS A (Kay et al,, 2011). A9 £271
ok 2RE o] FA] BHH AFH FRPe =2 7|eag (V01d
fraction)& YERHA = 7tk (Interlaminar fracture)
= 2ot ot (S €, 2004). o= FRP A% & Al
o ARl 2ol ofgt Aufel= X A% 4E A
Az ] 27] Af Hak Aol 7htElo] WAEE AR
EE,

ChA] el skl Aol Hat 2=eof 9] s
U Ak AR 450l wE FRPE AWYEE Xﬂ
ofsl7] 9t FetH o= JhHE M o] TRE Hn o]
AE st fls 7idE Bz AR|7E vkE TMCDo|th
TMCDE 8 242 A1 53 A2k Slsh 733 A7-<
T 9 Jefol whet et B 3y 2718 IS 4 =
& w9l Hl 99E Folth

i

, ERA AR BgolA ] EAIK
TN e ARt 3 A
ol Z7Zke] Aurt 7HAE

o

Il. TMCD 27H
1. TMCD HA 14Aret

TMCDE] &3HdA Al 7%} oMK o uHE AR o
o 2wot A FEO| & Ao



Idea FactoryS £3F 28tus Al &% AR A EFA A4 g &

i

=4 g2 )

Tl 2o} B3l AZ A A 012 AAdstal 2HE 7]414]
/\-1 pS| 7;”-— HOH 259,]- __.E_A X]"ITZ]‘XH 2 23 ]‘6:‘?_]_' }_] P

#ho] o] Tt a0 $8317] $iatolct

FRPE 955158 wou 184 £45 Fo 35S A
gab ml, shgol 48kl Aol BERe o g )
o W] mre} A SO B FAS 84w 7Haa,
e 700k 4190 ARl & olRolAelA) A WA,
S, 718 (Void) 5 9% So =Ry ojgde] Y=
wul A 7 A% Awe] G A7) Hef Aw Hel, 2
o (Crack) B4 5& 2t (A5F 9, 1990). 495
AFeolA] BUYE o), AR i Lwoh SEel T o
ke ol W) Eln] ol Alg EHle] 457] $7, el
% 2o A4S 2. Fig. 1S H9E Aol 1L

ooy o"‘I

st 2209 RBAAE 1) Yokt WYL BARE 1t

ehl Zolck
Fig.1-(e), (D149} 2ol 414 W] 28l $5e S84 14
oA SEAFAA, AVAY A 5 ThoFE WSS oplal

o}, FRP A& & &= Ao olsf| o] AA=AY g7}
Heleke FRP W vlAldtdo] 345 agold g4l 1 4
o}, diky o= 0131?* QS S Aol 2 JFE 1)
A 31-2of| 4] AMS-S ARIEITE (1], 2009). 3 8
of ofa] A 1A} =x|e A 7 A Eejet At
o] A, G &FeR ool TheAol Wi =
(Grunenfelder & Nutt, 2010).

=

2. ENA oot 29 TMCDe| MA & +¢

Table 12 THCDO ARE M55 UESH Aol 27
TR BREn 250t % 247] 3|E (Heater), A4
AR (Fiber rack), ¥ =2 (Panel cooler), AlZF 447
(Timer)2} %?ﬂ% St EE Qe QR P4E B of=d
2 ol-gste] RSt

Table 1, Component of THCD

Component Specification
i ] Humidity control system FOX-1H
(a) Prepare dry fabric (b) Place in THCD Temperature control System FC-142
1l Acrylic panel T:5 mm
Heater KSH 50W
Fiber rack Stainless steel net
% { :¥ [ ' Panel cooler AC FAN
e Outlet timer AC220 V 60 Hz
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(f) Degradation of interfacial
adhesion strength

(e) Generation of stress
concentration phenomenon

Fig, 1 Effects of moisture in fiber exposed steamy conditions
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(a) Outer box (450x350%300 mm) (b) Fiber rack (440x340X95 mm)
Fig. 2 A general drawing of THCD
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(e) Double sealed THCD using vacuume bag
Fig, 3 Manufacturing of prototype THCD
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Fig. 4 Weight change amount between storage conditions
of 34 °C and 98 % relative humidity
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Fig. 5 The result of interlaminar shear strength of GFRP
manufactured at 34 °C and 98 % relative humidity
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