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Optimal Design of Long-fiber Composite Cover Plate with Ribs

Min-Gu Han*, Ji-Hun Bae*, Sung-Woo Lee**, Seung-Hwan Chang*'

ABSTRACT: Carbon fiber reinforced composites have light weight and high mechanical properties. These materials are
only applicable in limited shape structure cause by complex curing process and low drapability. To solve this problem,
Long Fiber Prepreg Sheet (LFPS) has been proposed. In this research, electric device cover plate was selected and
designed by using LFPS. Before the design process, we analyzed the target structure to which the rib structures were
applied. And 8-inch tablet PC product was selected. For FE analysis, simple loading and boundary conditions were
applied. Stiffness of rib structure was investigated according to the rib pattern and shape changes. Rib pattern and
shape were selected based on fixed volume condition analysis results. And uneven rib width model was selected for
the best case whose deflection was reduced 6~10% than uniform rib model.
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Fig. 1. Target Structure

Table 1. Material Properties

LEPS - Lytex 4197

E 34.5 GPa Thickness 2.3 mm
X, 255 MPa Density 1360 kg/m®
of| A LSt Lytex 41970]9, s A= &84 A= =

Tt 4Y FUAL Hol B AT ejH3L PC H 7]
o AR ARSI fEHa oo B8 LEPS A=
7182 B4L Table 19 elshic.

2.2 MAHEZ 947
SeaLNL Saelrlo) PN BEHOR HAS 4
Wstaa shepu] 2 BAS Bohol o AWML 1
U918 A F7E SFA. ) 2t A
67141 8] Fu 215 12p4 02 % 367140 o
ool AuAel T2 P e b2 e v
Hol| 323} T RHEE BA 5T 8] H Z3} o]
7)& RYo] X5 2F3151o] 1.25 mm 2 AA 5L 9]
2 W2 B15k0] shepEe AT 9 25 2Rt
XA o Fo HER 85t 72 = d—% ‘Pattern-[Rib
Pattern]-[Volume]'9] HEe]Z WIS Z79 7| &
A 9 o]H 9el2 Table 29} Fig. 20 iﬂé}cf,[t]- 2)H 7
AL 2B FAlolA g B FA7MR oI, g B9 4=
7F2AlE dolof ol 4= = ) JiethE 71k
ZF vyerd ohyof| Wgk 22} AU EE AAKSE du) 2
07} £U3 2AA 2B gjglo] C == Dol A9 &
2|2 s elof Hsto] & g Hol7] wiZel sl Ao -

Table 2. Rib Pattern & Volume
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Type Rib Pattern Volume [mm®]
A 11W g 13Wpy, 15Woy 85538.75
B 11W g 15W g 19Woy - 84506.25
C TW g OW e 11 Wy 86631.25
D TW 11W e 15W iy 85538.75
E TWeir 7Weier 7Wgs 92193.75
F 11W gy 11 W, 1TW, 87068.75




Optimal Design of Long-fiber Composite Cover Plate with Ribs 67

- Cross-section

A
/ 6mm
Rib spacing

- Rib Cross-section

1 Waip

y

X - Rib structure «>
\/’ 3D Model Wai

Fig. 2. Rib structure information

Table 3. Recommended pattern under same volume condition

Moment of Inertia
Pattern Horizontal Dir. Vertical Dir.
[mm?] [mm*]
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Fig. 3. Analysis boundary condition; (a) General case, (b) User
pattern case
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Table 4. Rib information and Natural frequency

Rib | Rib height | Base plate thickness | Natural Frequency
Pattern [mm)] [mm)] [Hz]

0.625 1.62 342.46
1.25 1.51 353.05
¢ 1.875 1.40 377.28
2.5 1.30 409.19
0.625 1.63 341.83
1.25 1.55 351.22
P 1.875 1.46 372.32
2.5 1.37 403.83

Analysis Results - [Fixed Volume]

30

- * Patemd

25

n
=]
L

Deflection (mm)
o

[S)
L

—— Ragression

T T
300 350 400

Frequency (Hz)

T
450

Fig. 5. Deflection results in fixed volume condition

3.4 8|2 = HHMH

7| ST 5 d00l71A 9] 4 ArE D8atol st
215 o C, 2.5 mm 2|5 o] FRE| 2K % HYS

500

¢

do

sfo] 225} 4. Sastedt. eln Eo) Hajsh gL

ABAQUS 6.10-17} 3|5t So]| 4] 4|23t Add-on B E9]

Toscas &83}0] S=3slgon, L2EQ] 2 A3} =3
ohAl A|F AYAte] EFFAE FHEEMA A 24 FoE
3l 2lBe] FA misto] Algt t”%’%é Ao B8 =

O] 27|13k kAl B s nEET
P S O
ojstz WeizA B A 494 2

o stk HA) 271L 3tolat

o] 33
Yo LIPS o) a3 dgspedch T V1%

Azt Aele] Y= 2B o] A A7
vﬂ«l Yug §AG g A B
o E T2EO 27] FEYS WA

2l Fol

%t
4l grgof £A4 ]7} uuno}
o] A Z AParo] Erlsict. Hulo] AL

A o] 715 uw g e AF 55

53| 125 mmo]r,

1 mm



Optimal Design of Long-fiber Composite Cover Plate with Ribs 69

DR EEECE PESEREEEE T
on), o] 24& B3} FHAHYOR HEH JHL 27
o} tol whet HU FAZ FAT 4 eH4l. Aol
AR A AL hA AARE F7HA A ] A 27
2 mE Bgsteon, 27 BAlelds 27 44 24 %
o, Step-1 o4 FAI% WF 515 Hol, Step-2 2% 17 -

Tt 515 Hof oz At 225} 423

oX
st

o

2
ool
+

Ir
ol
o
o
iz
2
i)
i)
jaby
i
1o
_>|’L'
)

% 16319 3} ke AL Ho] FHHg o0, o4

AE-E A8 AlRE 20S Whgsto] Fa] dF, 24 7
H 22 Immz Yelth AQEs 4z ok gH 3
2 Imm, 1.4mm, 1.5mm & 37}X] o2 EFEQS
SY2LET Aol el A 20S e fHY H
5 FYet AV UYeETh(Fig. 7). o] A 250 7]
st FEdo] WA S Eeld 4= Aok

A3} o) AT A| 71| 2o & B]H Zo] Uy £ §

H o] 7 2| A3} MRy 7F 27404 2] HRTFO] 6~9%
Zrashe 3018 4= 9l9lTh. Step-1 o A= ZA1H oA

o A AZko] 0.42 mmoj| Al 0.39 mm=E °F 6.1% ARl
Step-20]Al+= 17.9 mmoj|A] 16.4 mm=Z 9.2% A3}t &
2 g7t shgo] FolE Ao Y AT T
AR Sz Fro]7] wiite] Hxleko] A o2 AR Step-
1o]] H]3f} Step-27} XA Q1 FFFS w|F o, 7L A k=
W oE Zof Ao ko Haw W} wAeld
o} BAle] FRE] Rl sl 9] o] b2
o 2ln o) Zolaula AR W elue] 28 ot

N

Rib width thickness
- Blue : Imm
- Green : 1.5mm

Fig. 7. Rib thickness variation after optimization

B QoA LEPS Bt g 283t gj2sl PC 5 7|
o 2le gz YAt dEe Kl 27] A
6717 2|2 e statu e A7E Foto] 2714 o
o2 Q% AHow, o]F Bl ko] 2UE B T2E
RS S Hor st 2E Hda Folg A%
Sttt BjE8l PC of Sol7k kg 37 RES
& aejate] ejuel 7)4we] o golo] Fe 4mm7t
A] oF

ox, 01\1.4 F_HL FO“

o

% 219] ol 1 & 25 mmol | 7P A A

I8 NGAESE Mol TRE FHo] £3E Bl

Shich. ek agh ol 2 MgloLh el D ®r ¢ 7
[e]

%7} Dol 18] C7F 7] o] WA s Aoz 7]
Aue] FARCGHE lne) At o FES A4YS 1
otk o] F FAL M H2 KL TrT| Ao} 7}
e Foto] Bl B2 AFHoT MAsl] MK 2O=
HR% AF mUe A B Bae AW 5
Fe Hasteh B4 P42 1202 4L Y
oul, 1631] W 4 A3t )& FUF FS 2 v
oK Aol 6-10% At ArkE Witk 2 Anks 3
g3tol Ax7171) B Avo] BgE 27 mae] AAS
FAR AN S S 0w, ST LEPS A 29} A3
Fgstel AA7)76) 48T A FEo] MM ¢
B0 7434, ABS SA o] vl B & TR A
SRT 4 Glo] 2F AT G5 BET 5 U A
= g

=

7|

{0

B I (ATHR ) mRO] A U0 A UL ot 47y
£ AbekE e AR dJSHLING ST SR wl27]%
A (Sd|o] B g Thi 4§ 48 A Sheet A
& ol 2alE A7 A

29 8E 4F71E 4D A2
eyt
REFERENCES

1. Davoodi, M.M., Sapuan, S.M., and Yunus, R., “Conceptual
Design of a Polymer Composite Automotive Bumper Energy
Absorber;” Materials & Design, Vol. 29, No. 7, 2008, pp. 1447-
1452.

2. Jeon, S.W,, Han, M.G., Chang, S.H., Cho, YH., and Park, C.M,,
“Design of CFRP-Metal Hybrid Pantograph Upper-arm,” Com-
posites Research, Vol. 28, No. 5, 2015, pp. 321-326.



70

Min-Gu Han, Ji-Hun Bae, Sung-Woo Lee, Seung-Hwan Chang

. Feraboli, P, Peitso, E., Deleo, E, Cleveland, T., and Stickler, P.B.,

“Characterization of Prepreg-based Discontinuous Carbon
Fiber/epoxy Systems,” Journal of Reinforced Plastics and Com-
posites, Vol. 28, No. 10, 2008, pp. 1991-1214.

. Taketa, I, Okabe, T., Matsutani, H., and Kitano, A., “Flowability

of Unidirectionally Arrayed Chopped Strands in Compression
Molding,” Composites Part B: Engineering, Vol. 42, No. 6, 2011,
pp.1764-1769.

. Wan, Y., and Takahashi, J., “Tensile and Compressive Properties

of Chopped Carbon Fiber Tapes Reinforced Thermoplastics
with Different Fiber Lengths and Molding Pressures,” Compos-
ites Part A: Applied Science and Manufacturing, Vol. 87, No.
2016, pp.271-281.

. Vasiliev, V.V,, Barynin, V.A., and Razin, A.E, “Anisogrid Com-

posite Lattice Structures - Development and Aerospace Appli-
cations,” Composite Structures, Vol. 94, No. 3, 2012, pp.1117-
1127.

. Lam, Y.C., and Santhikumar, S., “Automated Rib Location and

Optimization for Plate Structures,” Structural and Multidisci-
plinary Optimization, Vol. 25, No. 1, 2003, pp.35-45.

. Chen, T,, and Wang, C., “Topological and Sizing Optimization

of Reinforced Ribs for a Machining Centre,” Engineering Opti-
mization, Vol. 40, No. 1, 2008, pp.33-45.

. Chung, J., and Lee, K., “Optimal Design of Rib Structures Using

10.

11.

12.

13.

14.

the Topology Optimization Technique,” Proceedings of the Insti-
tution of Mechanical Engineers, Part C: Journal of Mechanical
Engineering Science, Vol. 211, No. 6, 1997, pp.425-437.

Krog, L., Tucker, A., and Rollema, G., “Application of Topology,
Sizing and Shape Optimization Methods to Optimal Design of
Aircraft Components;” Proceeding of 3 Altair UK HyperWorks
Users Conferences, 2002.

Mou, J., Lai, E, See, L, and Lin, W,, “Analysis of Notebook Com-
puter Chassis Design for Hard Disk Drive and Speaker Mount-
ing,” Proceedings of the International Conference on Computer
Design (CDES), 2012, pp.1.

Iwashita, M., “A Method of Identifying Improvement Factors
for Tablet Services,” Information Engineering Express, Vol. 2, No.
2, 2016, pp.27-36.

Kim, K., Lim, J.H., Proctor, R.W,, and Salvendy, G., “User Sat-
isfaction with Tablet PC Features,” Human Factors and Ergo-
nomics in Manufacturing & Service Industries, Vol. 26, No. 2,
2016, pp.149-158.

Miguel, A., Matos, PM., and Claus, B., “Sizing Optimization for
Industrial Applications;” Proceeding of 11" World Congress on
Structural and Multidisciplinary Optimization, Sydney, Austra-
lia, June, 2015, pp. 1-6.



