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A Study on Smart Cure of Filament Wound Composite Flywheel

Doh Hoon Lee’, Suﬁ Kyung Kimm, Dong Jin Kim", Woo II Lee™, and Sung Kyu Ha™"

ABSTRACT

A cure process control model was proposed to optimize the curing process of thick filament wound structure.
There are two types of smart cure, one is that the boundary conditions of the hollow cylinder are same
between inner surface. and outer surface, and the other is that inner surface temperature is slightly higher than
outer surface to initiate cure reaction from the inner side to the outer side to reduce residual stress.

= 5

$71¢ BeE 9919 BPARY A3 FHY A4RE AF Do) AANUY AokE A%E FH F Fr
Wl %o £ 2AS A st BEF 34 F Eo LEs R ¥ 2Asel B8 we] IEVH &Y 4
S s PEel T AR AL, ol HHIHE ol APl

1. }"] % FiberSpools Ry

Zojolge 2HY AW WA AUAE FHss o]y Mae
A A% Azl oldg Eelge) Azl e
Ze sl o] & (Fig 1)

a) A 7F8 29 (Cigarette rolling) : T T2 NEE (a) Cigaretie Rolling (b Wet Filament Winding ~ (c) Dry Filament Winding
. W= HA FA HEE Zerh Fig. 1 Methods of manufacturing flywheels.
b) &4 Pt E 9l T(Wet filament winding) :
AR Thiel $AE FIAA Wede] PEch URE, TaolBe B FAY WRFF LEA A}
9 A4 WHAE $IY(Dry filament winding) : W9 olel$me 23 38 FHol ¥ Wl ool A
Tz as A= FE ' 23 2 WY BAE AR o]FoXA Ark o WL
- GRS AF FARA W=D Fe F AHED ohA
B2 FRES AAY 5 vk afn 2x9Aes I Yo E gE WPeg, o A, 2% Ao 7eEA
ol FF olFol AEL AF FHL AXH, o] B % ¥ Azko] @o] 22Tk EF 7 Fol FLNA
old A3 & 5ol LA dnt Zato] 71AH A2 g 4L HAA A0

* Mgt 71AFRFFET HA(EAAR, E-mail:wilee@snu.ac kr)
= dgdgtn 71A LA o

» Agdggta JAgEFET

xSt ARG FEE



H16% % 1 9% 2003. 2 g4 E g9l

Y FeolBel 2ntE Azl BY AT 35

£ aTNE Felolde @ @AY $HoE 3
= oggon AR AR ARHICH, o @
A3E 7 9% A8k Aol 2o Aol

zotE AgAL T WE B9 eE oM £g ¥

As7) A% A4 7 AfE SRS, BFAR WA

o e% Wsg vl AHE B WE 29,
2olE Aso) £84e

l:iol-
&9 W, AviE A8 Hez
st} ol Hlwsrgint.

21 259 7|1&

Ztold e nHo2 FHAsM A4 Ho|
wA gk o] W, 8L AUHA ZEHOE
AZs7] fae NFg, AN E %é
H| 3ol ¢4 EgAETL At 73
ZE9 AA A, A5 oA EF %*é%
A AA7L FgFe] o stk F3, FAL A
BEgAg Zetolde AY AEHAA Fo 2AF
o] FRE W ?@2 7
9 dZo] ofFA H= :6} 49 HAAJE LYFH
.ol i?{}zﬂii
3 QFFHE Table 101] qu] 51910
118 a7 Abgoltt
E3AE oA i‘ 13 2=
7t AAAez FYsA olFAEE FARE 45

o]gde] AL ddT AHIL o F £
3Q HAdel 98] AHF-SHol TAE F UL
AN &5 Zdo] 4 £3E Fevt ok o
FAE F2EY APole
A7 Al&ste H}%& 2 Asteo] WIEE e
o A3t Table 2& F3E 2vlE Zge 87 24
< A7 Holu}

*UPE Aste ae AL A A ¢}, Ao dneE

| THE o &1, T& o] o|& EEHA =23}

s}%iE}(Fig. 2).

R
&
olo
D)

_t
::'
[t
oo r
ins
roL

>
»ore ot

N
Ir
y =
ol X

=

0,

l> FOSL

2

2.2 Aol 3

79 Hpne AF 22dd Faugien,
el vk s 7R met Aojs
ARE AARRE ol Aol 7
TANA 22L& AojaA A

ol dEg

Table. 1 Requirements of Smart Cure I (Expert cure)
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Table 2 Requirements of Smart Cure II (Modified)
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Fig. 2 Schematic view of Smart cure system.

Fig. 3 Data points for Smart Cure system.

2x ARE BiAE9
oA, 2 ARE

el AAE AANRRE
Be agel £459) Ao 3).

2.2.1 2vFE 743} I (Expert cure algorithm)

24, BEZAE delAe 22 A As A Bt
Foizl Y xR FotAe dETh F, T, T, T,
Tawots Tam2?t B8N 2%, BTF FolX ¥ PdZpo] o] Fof
Ak



36 JEE-RAR-RED |

Table 3 Rules for smart cure 1 optimization [1]

Table 4 Rules for smart cure II optimization

IF T < Tiax and b2 < Tuax and T, < Ty and T, < Tyax
AT <ATy and 1. <0

THEN Increase the ambient air temperature

IF Tt <Tyax and Towe <Tuax and 7o <Tax and T <Thax

AT>ATyy and T, <0 ang T.<T, 47, <0

m

THEN Increase the ambient air temperature

IF T > Tunx or T2 > Tuax or T, > Ty or T, > Tyax
AT>ATy or T,>0

THEN Decrease the ambient air temperature

Here,
AT : Temperature difference inside the composite
T, =T }or|T,=T,|
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IF Tonin <T\u\ and Toms2 <Tusx and To<Tuax and T <Tuax
AT < ATM.u' and 7; <0

THEN Increase the axis ambient air temperature

IF T <Tax and Towz <Tax and T <Biax and 7o < Thax
AT>ATyy and 1,<0 T, <0

THEN Increase the axis ambient air temperature

IF Towor >Tss or Tewsr >Tax or To>Taaxor T > T
AT > AT, v or 7.>0

THEN Decrease the axis and outer ambient air temperature

IF T:nnbl < Ty and T2 < Tuax and T < 7?\1.“ and 7;: <Tyax
AT < ATy and To<O0ang AT>AT ang T.>7,

THEN  Increase outer ambient temperature

Here,
AT : Temperature difference inside the composite
~Tlor|T, - T, |
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for T(rt) in (r<r<r)

¢ : Internal heat generation 1))
P : Density

¢ : Specific heat

k : Coefficient of heat conduction

“T]=0

at r=#h  (2)
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