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Development of Concurrent Engineering System
for Design of Composite Structures

J.S.Kim*, C. G. Kim™*, C. S. Hong™™* and H. T. Hahn***

ABSTRACT

This paper explains the development of a concurrent engineering system for the design of composite
structures. The concurrent engineering system is developed to meet the demand for the better quality
products with lower production cost and time. In this study, to compose the architecture of concurrent
engineering system, the commercial and noncommercial programs related to design and analysis of
composite structures are surveyed and classified. The concurrent engineering system is including various
design modules such as design/analysis of composite structures using CLPT and FEM, buckling and post
buckling analysis, thermo-elastic analysis of carbon-carbon composite, and optimum design using expert
system and genetic algorithm. For the integration and management of softwares, the concurrent
engineering system is realized by Microsoft visual C++® that provide multi-tasking and graphic user
interface environment.
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Fig. 1. Product development process with serial engineering
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Fig. 2. Product development process with concurrent engineering

g5 g gz AYPHe A& AAR g3 BA
o 11 F #FHAF7re] A W EYZ (networking)2 2
A2 J3uF @ FHo Bilo] o|Fold £ U
ANzElg e A B she Jdelth BAE
gz} gukslE PEoE AR opet HIdx ¥
< NGl E AEAEA Alxg] FErE uhEel AEE
gl(serial engineering)2 ol A&3lx 3t

o] AAFEIAAs e AV} 7MdEes sdE
W74x] Az, A, FAae]d] AT Hollxe o4
ARG & ¢ fiok mEx 249 AS5FH A A
2ol BAA, A8A BAA, AFAI G Bl
o] EAFe] AT Aol AdAFA ] FasiA
Aok AdASE e AFY A &S STHA AR
7R 28ATE FIHAIA AFY AR GAs
A g} ol sdelA ABFEE &3] ‘redo-until-
right'e} 22t} H833e] WP 58=E Fig |
7} 2}

£A28 97 Sl 4238 BA%E 2e 4
Adgo A AEe A=A (manufacturability), A8
A(testability)®} AEe] Z&(product quality) 5&
EAol mgdta AAAe] ojmlgh wisle] dis] Azl
U AEEle] Zy|d 1 WAEE d & ootk mekA
SN 5T 874 slolrMe ABFTE 84 slolxse 2
2 ALARE S AXNA ¥7] o ALATH A



BI24 H6HE1999. 12 B8 F2E8Y HAE

A FAFE Azl A 45

[ —
| Araltde s &k

e
Nlatorn.d progeans £k
Byt teatomicnt s Material

sclection [

3
| Product design

| & modcting I_L

Prisbant cxgrrtne

Model anatysi | N red mait
& simulation

=z z >
£ 5 S

A
£ z £

Composite Structural Analysis Composite Laminate Analysis

Material(ply) Analysis

Micro-mechanics Analysis

Fig. 3. Design of composite structures

2o A B8 A4E £ g anF AF
o AAEoe] ZFrlslA Hrh o]# olfolA &3] B
‘right-the-first-time” o2} R 2t} FA|2ale]

Fete
el s8x: Fig 29 zu).
old FAIFY MIE EdstE Hoke AxEz2
1BARRY, BRIV, G3N 4A F BIR
Asirt. 2elv SAFAMNEe YA 2B 44

g AR o3

2 1 SAEZs Alagle] nE]

Ao s Aladl 2l Y-S o] 8dle] FA)
%} Alzdlol B3 2B AA 2 4 2EL
29y st dutdoz By F2Eo HAHA
& A8AY, AFEA 2 249, AF 2dYe] A5
9 FAke] d4A4% dAR 7Pt Fig. 3¢ olalg

dAe] A& F Aot
Fig. 3¢5 € + %ol Aedd gl AF
g aFzds xﬂﬁa_—?}«l Zglo] lgez g9
71 AgzD e HAZ /1EY o4 7Hs3 dolE g
7leolt) 1elm HEH o Ao Qs Ao B
AR delE g T BAA mdo] AAHA =
AFe dA9) 2o AT Q32AY A
A g 29y AE7te 2o] Yoz Eojrin A
gxd-e AAYE, FEge NE 2 o)& 7158 o
olEl 9} 7]&olt). AFY HAG Rdy LS 33}
71 984 o MAYES 4A ol Holxg
CADzZ2I¥ Fo] Stk weha] HEHoz a4
das Ao 2 47 dolgatde] YA o]
R2ES T3] HdlMe BEdA 44 TE doly
wlolx FET} AHE AZEd o} 4jlo] st B
g9 sjMa AFEENE ol 48E A9 B4

Fig. 4. Integration of several structural levels for design &
analysis of composite structures

A HolEE TS EAXTAY, AF ndn 4
dloje] stdo] g7t o] BES Fg3r] HslA
Fag WAYUEE 314 dolg weolx, CAD Z21
g % aMAEIE Fol ok wEA HFHoz AS
g AlFel 2ol AAE

ol AT Aol RS TAR s B
AolA FHsknAl e BPA F2E] HAE 4
3l ZAl 28 A|AEHLS F 10 49} zho] Halzl g ol njA|

e e
dabaol gAl, trzel B|Al, AEmel s 7 Bk
£gshe Rolok

TEEY 44 olze A S

b/

3 EIFY Cred o 88 FAF Almle)

74

£ AFolMe B F2E HAE 93 BAF
g Al2ElE 92 S4E2aY2 FEY & s
dojQl H|FH C++& o] gslo] FAFNT)

3.1 SAI3s} A|AHIS] Fx

€ dTelA HEe SAFE Alxvle Ardgn
g, 914 ¢ dARE, 348 28 € 23R 7A4Y
o]t}

A s Ag 2 E(material selection module)dA &
ABAE, 4524 A9 2 H3eArt 248 8§y
2 A7 2 E(analysis and design module)olxl= A
o $YN, A2 ¢ H2F AT, gh-wa
A ded a2 sl gelm AESL A
3 o] &g HEue] AT Fsbssit oY
A A 2 AARSNN U AREe XY =
E(postprocessing module) Ea)M AlZ3E 4 9l
th £ B A7 NLE FAFE AxEle AL



4 - HT Hahn WEMAHEHEEE

Bunon for analy sis and design
Tree control

Menu bar . N R
View (o1 post-processing

TR

Combe box fur material selection
Bution 1o view material properties

Fig. 5. Command button and dialog box in main menu of CESC

zke] HeolE 98 wg&U(on-line help)7l5& HA3}
T ith BAI2E Al2Ee] 2 2§ QE ol AE

dlele] std3t g st s o] FoiziTt Fig. 5
e 2 d7dA e BdAe $A3E A2g
(Concurrent Engineering System for Composites,
CESC)e] Ful& vehd Aejoh

4. 59 F=F2] AA 9l 4 EE

4.1 eRX SEZEOUE 0|88 YRMEDE

o T8
2y 2 A0t 4AS FUs] Aad
£ 94 ARE ¥R A3eA B A3Ae B3

o} gith ofejg I HHE
BAERE A FPHETt

p a9 :Fig. 62] QA 2B ] A}
28 ARE AYslr] gAE Material 2154 ol
A A7e] named types Adasjol st oA A
89| named A-fo} EAEE oujstn a9 type
& AR ZAe FR/E Audct & 22X e
A RS A HAgE A5 dgiM nfel D7}
HEagoh B zzaddxeE g4 16714 Aadd 9

EAo] AREol Adx A7 252 Table 13 2
th £ A28l M e AgrolE welxdd AFE Ay
olgjof] AMERI 93 AZE A5 Y¥o] 7tedih
Ageole wojxd AAE Ao BAXN(EE, 2
A, €934 2L F7)EolElE Properties MES

2 Fig. 63 2& A

Radio Box to sekest
type of laminate

Buuou 10 view muzrml propcmcs

Fig. 6. Material selection module

Table 1. Material list

Material names
T300/N5208
T300/934
T300/F934(4mil)
T300/F934(13mil)
T300/F934(7mil)
T800/9405
CU-125(HFG)
P3051(Torayca)
AS/H3501
AS1/3501-6
AS4/3502
H-IM6/Epoxy
AS4/PEEK
Glass/Epoxy
Kev49/Epoxy
B4/N5505

Material types

Graphite/Epoxy

Glass/Epoxy
Kevlar/Epoxy
Boron/Epoxy

23 A & itk m3 vAGEE oA
zZr @20l BAS 79sl7] 9148 rule of mixtureE
O]%é}ﬁit} Rule of mixtureZ o]&3)A 2z} w39

& 7] ¢JsiA= Fig. 62 Rule of mixture]

b 35 2 ASeMe Z2A AT Y, 35
2 AZeA é?é-‘i Laminate :LEMJZMW T34

239 ol &M AZELAME HYst

8lM e Fig. 6<>1W Stack Seq. H&—‘E—% =]
A2g toldBa FatA 2} Fof disjAM Az
IDs} A& s drt



E12% H6%E 1999 12 A P28 HAES

A FAIFE Alade g 47

g
iﬁ [Fm

"f“??f'.f—s%?";%ha&; Ry n s

Fig. 7 Dialog box for analysis and design using CLPT.

Fig. 7. Dialog box for analysis and design using CLPT
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Fig. 10. Out-of-displacements and deformed shape
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Fig. 14. Menu for thermo-elastic analysis of carbon/carbon
brake disk
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Fig. 15. Results of thermo-elastic analysis

Fig. 16. Menu and result for 3D failure analysis of carbon-car-
bon brake disk

ookt AFAR15-1718 8 B8 AS" Aol Fig.
59] button for analysis and designol|A] Cobra vj&
< Y3ty Fig. 149 £ toldza A7t Ve
dth o7)A 7 tiaAe] SA, WA 27, Ao,
43 2 4 52 AT 4 Uk
® 3457] ety e ol el HRF L B
A B34 Beola taz Alxgd dig I
57] ggtg Mg BolA M AR E15e] FE
ke Al YRI5 shelsheE Ro] Hyela tazy
AAA 7V Fosittn & ¢ Yok gl B 22
oM FAxr] dety e 38 T Y 4
¥ s A ubEy, 3 2 EE0F iy

ol U PRE A
Fie 5ot 26 el

N{N‘ ¥
A
fd
m
2

o 3x9 g&EaAE 8 L PRS2 B0 By
olZ TjxAo] 33k MG FYsir] HaiMe
Fig. 14¢] trold g1 ArR}olA 3-D Failure Analy-
sis HES FEsPE Fig. 163} Zo] s 9%
teld 21 A7t Yeldel

AAWMSER 22449 Hxr] g9 "W% B34
dojzl Aasd o] 8siA Hyolz T 3
g=a] M- 3% A3t Fig. 169 E}O]%ij Abz}
o} Zrh '

4.2.6 MBEV| AlAHIE 0|23 BefEEEe] ZHM
Skt

g7l1Me B Ewe A4e F¥E] dg A
B7F Al2wl & APEsta ol & o] 88l Takst shEx
A 872 HHL AESo AEEAE HH3)
sath B e dAe WEE Ay ¥ o}
Yt oW AdT AE 2 d4E FaA dojrl o
g AA T (design rules)o] mel 3= o) RITH18].
Fig. 5] Button for analysis and designol|x] EXPT
WES FYsd "ok EXPT wES 28t Fig.
173} Z& thold 2 A7} vehdrt

Fig. 17¢] toldR2 1 A4 AB7} M=z 3

Fo] dHH AMgAE Al F3d wt A3
% Mol gct AR AEd 2o e A4
T3 Design Rules B EE S8y tloldga 4
Aol €t

e dA 7z AY  HAFH e deo] FaH



B 124 6% 199, 12

EGA F2Ee] A4S A% FAFY Al2mie At 51

2 ikl e o
BRI AeA P s A2RAE A2t 9Y
s 9ok

Az AMEAle] o 98 Zrade] ¥E REE
o] #8o] Tlg FEES TL&U(on-line help)oA
AFgct Fig. 183} 28 =89 AxdA gsle U
&9] slol3] Bl2E(hyper tex)& ZsAY AdE
Adesid A Jjgol digh =&2o] Yehdt)

5. &

2 dFdre B84 72EY A 2 AFE 9
g PColA 3 7158 9=$= 718K(window
base) B3l FAIEE Al2dE A B A3
oA e AlxEle xSz 848 e R o
AEHA7] 2o A2 Ao TR FAle] 53
& & e dHH2Ao| sHedtn g AHgA
ool A7t AFH7] g AMER HeolAe] gojut
th o] AladdAMe EdA T3R8 AE dgoly v
ol27} FEHOA Un EFA R mAgEAd #
Jojre]l E243 AHI HEdN ¢ d59d HF
AR rFe A 2 steRdseld BEA 1=
o] 7z 9 H4AE #98 ok =3 =T
715 ozl AHgAe fA AlzdE &4 5 ok
o] Al&Fe EA AFY MEA] AFML AL G
4 3 A Y9 79 2 3Y AT Egeig

EF
THoEA dojAle &8 71e3 g9 Her 1

594 B ohieh 494 HE EEA Adex B
48 ¢ 31¢ Aoz g

£ 7
o] £Re Hg|eRs LGAGRHAGS APyl
8 +9HLEUT AR FAR o2
=3y

2

rio,

=2,
o

]

1. Jiang, Z. and McGreavy, C., “A Graphics-
Based Design Environment of Chemical Process-
es for Concurrent Engineering”, Concurrent Engi-
neering: A Global Perspective CE9S Conference,
1995, pp.595-606.

2. Cheng, C., Onesto, E. J. and Sampath, K.,
‘Development of an Interactive Information Data-
base For Plasma Spray Processing”, Concurrent
Engineering: A Global Perspective CE94 Confer-
ence, 1994, pp.435-443.

3. Willison, R. H., Dwivedi, S., and Gill, P., A
CAD Modeling System: Composite Design
Process”, Concurrent Engineering Approach to
Materials Processing, 1992, pp.281-289.

4. Zhang, J. and Hahn, T., “Concurrent Engi-
neering System for Composites --Architectural
Consideration”, Concurrent Engineering: A Glob-
al Perspective CE95 Conference, 1995, pp.583-
593.

T, CH71k A A wolE] wolx AlxE]
€ AT AAF 2710 delve] M4 2 78, A
A =T, EEHEred, 1993

6. A&, AR ZA 2 e AA3 dAS
A FAZE ME =l B A7 HAREES =g,
=787+, 1994,

7. AFe, Ak A Ak A Az, @)
AdTd v s FFed e, AFE DA, 1995,

8. o] %4, "FENFY FAFTS
CAPP/CAM E3d #F A7, MRS =E, 3=
Hr)ed, 1992.



5 AARAM - QAT - T2 - HT.Hahn

REG ARG

9. o2, BUAR 93 2 7HFE, Hebd, 1995.

10. Kweon, J. H. and Hong, C. S., Postbuckling
Analysis of Composite Laminated Cylindrical
Panels Under Axial Compression”, AIAA J.,
Vol.31, No.§, pp.1535-1537, 1993.

11. Kweon, J. H., Hong, C. S., and Lee, 1. C.,
“ Postbuckling Compressive Strength of
Graphite/Epoxy Laminated Cylindrical Panels
Loaded in Compression”, AIAA J., Vol. 33, No.
2,217-222, 1995.

12. Kim, Z. G., Hong, C. S., and Kim, C. G,,
“Postbuckling Analysis of Stringer-Stiffened
Composite Laminated Cylindrical Panels”, Jour-
nal of Reinforced Plastics and Composites, Vol.
14, No. 8, pp. 827-846, Aug. 1995.

13. In-Chul Lee, Chun-Gon Kim, and Chang-
Sun Hong, “Buckling and Postbuckling Behavior
of Stiffened Composite Panels Loaded in Com-
pression”, AIAA Journal (TN), Vol.35, No.1I,
pp.202-204, 1997.

14. Hyo-Jin Kim and Chang-Sun Hong, “Buck-

ling and Postbuckling Behavior of Composite
Laminates with a Delamination”, Composite Sci-
ence and Technology, Vol. 57, pp.557-564, 1997

15. Sonn, H. W., Kim, C. G., and Hong, C. S.,
“Transient Thermoelastic Analysis of Composite
Brake Disks”, Journal of Reinforced Plastics and
Composites, Vol. 14, No. 12, pp. 1337-1361,
1995.

16. Sonn, H. W., Kim, C. G., Hong, C. S., and
Yoon, B. 1., "Axisymmetric Analysis of Transient
Thermoelastic Behaviors in Composite Brake
Disks”, J. of Thermophysics and Heat Transfer
(AIAA), Vol. 10, No. 1, pp. 69-75, 1996.

17. 4784, f44, 23, £34, "84 5
A Bold Alxg]e] 2349 Hwr] Eu EA, &
28R, A 267, Al6E, 1998, pp. 64-70.

18. %A, AAZ, 244, "HE7F Alzms yE
e o] 8 B FHe A, dREFA 5,
19, A2%, pp.48-49, 1998.

[



