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A Study on Structural Design and Analysis of Composite Fairing to Reduce
Air Resistance

Yonggyu Lee', Hyunbum Park"”’

'School of Mechanical Engineering, Kunsan National University

Abstract

This study aimed to design a 3D fairing shape to reduce the air resistance of commercial vehicles. Rankine
Half Body was applied to design the fairing shape, and the design was verified through aerodynamic analysis.
Aerodynamic loads were calculated considering the speed conditions of commercial vehicles and gust
conditions to ensure the structural safety of the fairing. A glass fibre/epoxy composite material was used to
design a fairing structure that satisfied the safety factor 3. The structural safety of the lightest fairing was
confirmed through structural analysis.
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Table 1 The Vehicle Specification[10] Table 2 Load Case for Structural Design
Overall Length (a) 6,765 [mm] Load Case Case I Casell
Overall Width (b) 2,230 [mm] Gust Condition With Gust With Gust
Overall Height (c) 3,180 [mml] Wind Speed 72 [km/h] 72 [km/h]
Length (d) 5,100 [mm] Vehicle Speed 90 [km/h] 130 [km/h]
Container Size Width (e) 2,280 [mm] Total Speed 162 [km/h] 202 [km/h]
Height (h) 2,200 [mm]
Wheel Base 3,850 [mml]
Cap Roof Area I{;ndg;h ((])) 1,328 {mm% 2.3 MAA /M HHH ol "X}
t s - - - — -
Size eight © 0 | 870 Toom] Aol AAle WL st A o]

Fig. 1 Might Wide 6.6 Frozen Tower Car from ‘H’

2 AT E 72 AAE st sk 2dE &
A4 3t A 27HAE A3
Aeaint. 72 AAdE &%
g =3 =79l Load Case.2® AA &+
ow Fx AAE FIdsReH o= &AL
130km/h= #&e wjo} = &5 %319

2= 202km/he] Ao X 2Ao|t[11].
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How 7HgE A" Fx A Ads d@ew
7 e dlof o] ey Aol vlarste] AA dxb
o] AHEAS gEEgiY. Jdew spAste] AAE
T2 FF 2 A4S Ite vy AA A AA =
Ao Hgete atszd 27FA e diE FERHM S
Tt HIF 7= dHAES FASAH. HAA™ 9
Tx AAE 9 A SR 458, 7w
A5 AS 0, 9 FA A=A T2 8,

=
el SnHM FHF eSS WS A 4
Iz HF AAS dAEsi Fig. 32 ol#d 27
AAHE Bt

‘ Set-up Design Requirements, Design Criteria |

J

Aerodynamic Design |

‘ Aerodynamic Performance Analysis |

J Aerodynamic Design

Evaluation of Aerodynamic Design I

J

Aerodynamic Analysis at Various Aerodynamic Cases

J

-| Structural Design l

Design Modification

Design Modification | Detail Structural Design and Analysis |

‘ Structural Design

| Evaluation of Structural Safety by Design Criteria |

| Finalization of Design |

Fig. 3 Flow of Aerodynamic and Structural Design
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3. = AA 3.2 ¢4d FHe SNz MU
HolF2 F&ak @A o] Fojge A}
3.1 HojZ Fx MA A Ak 724 bdAds S A skee skl
BodpolAe] wolae wnwA sAe] AAs T T 3 Al HAE <l 3,519Pa® 3
GFRP(Glass Fiber Reinforced Plastic) Woven aglth. dloj®g stdiel s Hojd AWyE Vs
Fabricg %83 Laminate ¥ SandwichE %-83}¢] ox shel ARl FAR WFem Fe] ghee] o
Tz HAAZS dEtoon, BEgAE EAS s Asta, et A e FAdAA A% WEgew
OE JEZ Jzom obd A4 38 WEa= w0y 9] steo] WASHA =, Fstel Bl S9tel A
TEE B U A= wels T3 9. Fo 1x n2 gz A A 5] #Hd #kdl 3,519Pad] # ¥
A7) 852 Load Case. 28 olfo] zAe Ex37} stgog Fx AAE FIdsAg. HAYHe AEe
S5 WE wesd 130kmhel vl £% maq  OFRP Woven Fabric® 48shaian &% el <14l
72km/h & TS 202km/he] SEz Asigon, 9] AT 3& WML TR TS ke 4E &8
s oo B 202 B NS FRse] 39 sy O cooaThEl
S =% 33tk Fig. 4= 3D o8 aoz de 5
ogel gz, Adoly gu Aol Ay A L)
HES AT - UATh B A= HojFhe F
Z AAL 98 Hd sE<S :Hor Hug, Hu 2 (DA Fe 3% 3, PE T84 43 A

el ]l 3,519Pac] E¥etgoR S5l

Tx AA AAEE Hste] HolYE Hdow vt
A stglon ol HA Axes Fd Holgo A A
e wlastel A7 Aol MFAES FH S T
ZE9 AHIE Ysle] Laminate ¥ Sandwich® A
AE st & HAAd 2 FAE WwEgith B9
HAojge] 2 AA AAA FERES] FAYL AF W
b A &Y AA A3} dojgo] A&t %
A Sl T2 M-S skl

Fig. 4 Fairing Pressure Distribution
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Fig. 5% @&AA R gdEx3stso] Aes 34 of Flojg AWF-E AZNFgFor F 105 £
ojth. A T HIAAME AT GANAE Ho | W owge] =55 Ao dgs aeal 24 Ade]
B A Fs Fig. 59 #@o] RAlste] 3+x AAE x AAE Y33t Fig. 62 #ojy AAFE 10
Ttk Table 3& 944 F79 HdAR A5 T S vEhdt
AeANA das FREA AL gtolth. AA AR
F7A= 12.2mme]al FAl= 125kge]™ o] Table 4
o FAEATH

ls

a

A

*

Fig. 5 Application of Uniformly Distributed Load to
Simply Supported Beam

Table 3 Structural Design Specification for Simple

Thickness
Item Symbol Value
Fairing Length a 2,300 [mm]
Fairing Side Length b 1,650 [mm]
Pressure P 3,519 [Pal
Area A 3.795 [m2]

Table 4 Structural Design
ness

Result of Simple Thick

Uniformly Distributed

W 5,322.9 [N/m]

Load
Moment M 3,519.7 [N#*m]
Compressive Strength oc 184.6 [N/mm?]

Safety of Factor F.S 3

Allowable Stress oa | 61.53 [N/mm?]
Allowable Section 5
Smin 577201 [mm ]
Modulus
Thickness t 12.2 [mm]
Total mass m 125 [kgl
3.3 7hH Sl BEME XSk
B ATAA sojde) By FHe A9 AT 3
o FA v 10%7HAelth A AFE Hoj® e
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Fig. 6 Fairing Pressure Distribution Divided into

Ten Equal Parts
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O}TE A skq ply FCF7) gkoltt.

2l GFRP %7+ 1ply7} 0.25mmo]=
vz Aol A FA ghs AgetA wis
T flerng A 7 old& W= Ply
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Table 5 Laminate and Mass of Variable Thickness

Safety
Section | Thickness | Laminate Mass
Factor
[m] [mm] [Ply] kgl
[F.S]
0~0.16 12.2 49 3.017 | 16.2
~0.32 9.2 37 3.041 | 9.71
~0.48 8.2 33 3.011 | 7.59
~0.64 7.5 30 3.183 | 6.44
~0.80 7.5 30 3.164 | 6.18
~0.96 7.3 30 3.145 | 5.88
~1.12 7.3 30 3.126 | 5.79
~1.28 7 28 3.207 | 5.51
~1.44 7.4 30 3.073 | 5.80
~1.60 6.2 25 3.043 | 13.3
Total Mass 82.3
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3.4 2dH S MES(X] MEFZutal
AEFstE Yot M=9H FRE HE5te AAE
MM Er. Face Skine W H3 A7 5L
P [

Corex Polyurethane Foam=<

Hojg Al A= Al Az
6}0% Polyurethane Foam<e. & 743}
ok A=A FxE FAel dig GFRP9
Polyurethane Foam¢ #XX+& Table 63 2t}
[13]. A=A 72 kA H7k= A Al GFPR =
JA ¢} Polyurethane EAXE &&3t=d T 3
B39 ghol kA Al 3% gtk E dATelAe
58 & 7]% o2 A7AA GFRP$ Polyurethane
58 & b Al gk 3 oldom FiT] <hdet
= AL gl Fig. 72 A=A F2E FA

o]},

Glass/Epoxy
Fabric

&

Polyurethane
core

Fig. 7 Sandwich Structure Shape

Table 6 Mechanical Properties of Materials Used in
The Present Fairing Design[13]

Item Face Skin Core
Sign Glass/Epoxy Fabric Polyurethane
E 10500 [N/mm”] 60.86 [N/mm?]
E. 10500 [N/mm”] 59.86 [N/mm’]
G2 1450 [N/mm?] 19.18 [N/mm°]
v 0.27 0.2
Xq 283.9 [N/mm°] 2.63 [N/mm°]
X 184.6 [N/mm?] 1.41 [N/mm?]
Y, 283.9 [N/mm°] 2.49 [N/mm?]
Ye 184.6 [N/mm?] 1.41 [N/mm?]
S 15.0 0.71
S 1.705 0.1197
1Ply 0.25 [mm] 19.78 [mm]
Density 1800 [kg/m’] 0 [kg/m°]
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b 7k 270 Plyel me A TS tebdvh §
M Ply7t $7184% oy Tl s,
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= 7tk AE I+ Advh olg@ of=
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Fig. 8 Graph Showing The Combined Thickness
and Mass of Glass Fiber and Foam
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(5Ply), Polyurethane Foam 19.78mm= 32313}t
TE2AA A 4F X 184.6MPacl ¢Hd AF 3&
27w, ANSYS Z2a3& 83l %
A Al e fe AfF s& &H @
61.53MPaz o= th[14]. Fig. 11 3o gk
M= x| +x2E A5 Al Face Skine] x84 Ay}
olt}, = &4 A} Face Skine HBolA A &
2l 2 60.129MPa, <Hd Al g2 3.07= &<ls}
At Fig. 12& o] digh A=A Fx25 45
Al Foam®| x84 Adolt}. ++x &4 A3} Foam
< FolA Hd 38 w2 0.441MPa ™, AA A
GFRPE 7]Eo2 Fds3l7] wite] GFRP= A7
ol 2z S|4 Ftel digk eab= oF 2.3% #;oE Fl
g 4 Adlrh 2eER oy sS4 A Fx2F A
4e Fsiglon B AFdale Hod 72 A

Aztel NEge PFsnh
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40.27

3365
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20411
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Fig. 11 Structural Analysis(Face Skin) of Plate

048052 Max
| [y
B o370
| Dazsa7

030045
026544
| 023042
01954
016039
912537 Min

a0 S00.00 1000.08 {rmm)
I

0.0 TS000

Fig. 12 Structural Analysis(Foam) of Plate
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Fig. 13 Analysis of Fairing Structure with Load.
Case.1 (Face Skin)
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Fig. 14 Analysis of Fairing Structure with Load.
Case. 2 (Face Skin)
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