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Paper

Study on the Suitability of Composite Materials for Enhancement of
Automotive Fuel Economy

Yeon Jin Ju*, Young-Chul Kwon**, Heung Soap Choi*'

ABSTRACT: In the present paper, the dynamic force-moment equilibrium equations, driving power and energy
equations are analyzed to formulate the equation for fuel economy(km/liter) equivalent to the driving distance (km)
divided by the fuel volume (liter) of the vehicle, a selected model of gasoline powered KIA K3 (1.6v). In addition, the
effects of the dynamic parameters such as speed of vehicle (V), vehicle total weight (M), rolling resistance (C,) between
tires and road surface, inclined angle of road (0), as well as the aerodynamic parameters such as drag coefficient (C,)
of vehicle, air density(p), cross-sectional area (A) of vehicle, wind speed (V,,) have been analyzed. And the possibility
of alternative materials such as lightweight metal alloys, fiber reinforced plastic composite materials to replace the
conventional steel and casting iron materials and to reduce the weight of the vehicle has been investigated by Ashby’s
material index method. Through studies, the following results were obtained. The most influencing parameters on the
fuel economy at high speed zone (100 km/h) were V, the aerodynamic parameters such as C;, A, p, and C, and M.
While at low speed zone (60 km/h), they are, in magnitude order, dynamic parameters such as V, M, C, and
aerodynamic ones such as C, A, and p, respectively.
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Fig. 2. Dynamic analysis of vehicle
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Table 1. Numerical data for parameter analysis[15]

Parameter Data Remarks
Rolling resistance of tire-asphalt
< 001625 V= 10gO km/h[13] prte
C, 0.25 Drag coefficient of vehicle
A 219 m’ Projected front area of vehicle
v 100 km/h Velocity of vehicle
60 km/h (high speed, low speed)
Standard curb weight of vehicle,
" 1,235 kg K3 car [15] ¢
m, 70 kg Weight of driver
S 1,000 m Driving distance
t At (sec) Driving time
p 1.1839 kg/m’ | Density of air at 25°C
34.2 MJ/l Volumetric energy density
Pea 38.6 MJ/I for Gasoline and Diesel [16]
g 9.81 m/s Earth gravity
Vi -Lm/s :—/\(r;:acll::rli(;lccg?l-(upwind )
0 0 deg Angle of inclination of road
P, Kw Driving power
E, KJ Driving energy

Nrrw

0.28[2] Gasoline
0.352[2] Diesel

Tank-to-wheel energy efficiency

2,700 mm

Vehicle wheelbase (K3)[15]
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Thermoplastic PMC: PA66 138 120
30% w/w GEPP|[5]
. % 1ni-axi
D s |
© Giga steel (POSCO)|[20] 7.80 1,200
(@ Titanium:(6-Al 4-V)[5] 4.5 1,000

A S 27 el 7T AR AHE Al -85t
Aolz HHHS A Eslow Fig 49} 59 EZXO Au|ZH

3.2 Y B2X|+=E

Table 2= Fig. 19] QUEAQl AEAE LA 28 T
Z 2 2A EAQ 24 U 9 7k (Yield
strength)(@E-gl0] etEl= 79 Q1A= (Tensile strength))
= AAIT Aolth. Table 32 712 Q1 B15-G W FRE
S 73T A (Strength based design)& 7|HFo. 2 3l XA
Moo 2R AF3E o] A8 OE AR g
SIS 3 201 4 Sl A B0 TSI, Tl
39] 1, 2914 Fofl Qli= UF 2RSS Table 20f AJAJE 2}
E;(].oﬂ Z—LQ_QJ:_ oHI'ﬁr /\;(H_,] o]__—- ]i]‘&]—l’;]—

=, 2 ATolx] AEAe] Aeshe gl AEE e
Y= O@D,@9 47]2] aAfoln o]59] FA|= Fig. 1]
EAE A AR BAe] AIE AMgetol 217} 67925,
111.15, 98.8 & 98.8 kg® = 71 T2 988 kgo|t}. Mild steel?l
O 77 @,0,,0,0,0 2 @HZ A2 tiAd 5= 9L
ohZb s R A 49 2k AR HRARe N
9] 2 BA|EH = A ] WSR(%) (Weight saving

ratio %)= Th4][19]7} o] x3dE 4= it

WSR(%)=m1n;m"><100 (p%t 1)><1oo (4)
0 o/ Oyo

of

]_

ol

4714 A 0L gAlsE s 712 £AE oy

Far

Table 3. Material index, specific strength (o¢/p) for automotive materials and weight saved %

Weight saved: Am(k

Material to be replaced Specific strength Weight saving ratio, (a fteelrgre Slé; ‘zn lrél‘(/vtgz/

(from left @ to right @ ) (for left and l‘ight materials) WSR (%) of lfI:ft to ri;ght) 7
® 23.08 75.95 -69.62% -47.29
@ 23.08 126.58 -81.77% -55.54
@ ® 23.08 152.78 -84.90% -57.67
679.25 kg 23.08 101.85 -77.34% -52.54
Steel @ 23.08 700.00 -96.70% -65.69
®@ 23.08 153.85 -85.00% -57.74
® 23.08 222.22 -89.62% -60.87
@ @ 38.46 126.58 -69.62% -7.74
111.15kg ® 38.46 152.78 -74.83% -8.32
Cast iron 38.46 101.85 -62.24% -6.92
® 67.39 88.40 -23.76% -2.35
@ 98.8 .kg © 67.39 73.08 -7.78% -0.77

Cast aluminum
67.39 86.96 -22.50% -2.22
988 kg ® 101.85 152.78 -33.33% -3.29
Wrought aluminum
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