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Abstract : In accordance with strict fuel efficiency regulations, automobile manufacturers are currently focusing on research and
development methods, such as shift map design, for the improvement of fuel efficiency. Traditional eco-shift maps mainly consider
only the engine operation efficiency, but mostly ignore the power loss of the transmission. In the case of automatic transmissions,
losses in the transmission have a significant impact on fuel economy. This paper suggests a gear shift map design method that
considers the effectiveness of an automatic transmission for an enhanced fuel efficiency. A simulator using a parallel hybrid vehicle
model and an automatic transmission efficiency analysis model were developed in order to examine the effect of the new eco-shift
map. When applying the newly proposed shift map in urban and highway driving cycles, the overall fuel efficiency was improved
by 3~4 % as compared to the traditional eco-shift map.
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Nomenclature N : number of frictional interface, -
. . : dynamic viscosity, ¢St
FC : equivalent fuel consumption, L a Y . y )
. . T : shear stress acting on the disk, Pa
My, - gasoline fuel consumption, kg

SOC  battery state of charge, - &(r)  :ruptured section with respect to the full ATF film, -

P density of fuel, kg/m®

- LM E
Chattery : capacity of battery, kWh
E, : equivalent energy, kWh/L &7 e w9 93 S ZuiRlE 4
: s}o] Tk 5 o A A= = ArAl 7] = =
T :totaldragtorque,Nm iooﬂ %ﬂ]t& }\]7:] T':;‘{j © oi]‘onj‘j]e R o}‘]ﬂx_ o =
. . . =4 = o) ) = ® 2 =

7y, : drag torque due to ATF film in continuous section, Nm Agzdx]elty, 2719 W&7|= Ao A4 3 -3¢
. A X ‘:’Z::l. T2 =327 7] &35 }\_Q_EO‘]XEIJ:—iH]—
T, : drag torque due to ATF film in ruptured section, Nm A R EAE SHATI7] A ]-‘O IRAA T =
. . . Alell EA7F B350 A7 A E o] Foll = A

7.,  :dragtorque due to mist film in ruptured section, Nm i}

o . o seje dero] 44 1 gly.

T; : inner radius of clutch plate, mm AEmz] o] Ao 0ole 2Fhe B BES At
r, : outer radius of clutch plate, mm 317] WEe] Seldao] SEw e ]3] Zc) o2
r : critical radius, mm 3l o] g2 ALy o] BE A H ey 96t
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Fig. 1 Block diagram of hybrid electric vehicle system
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Table 1 Operating time and region of engine
UDDS cycle Highway cycle
OOL New OOL New
Operating time at Region 1 70 150 59 239
(sec)
Operating time at Region 2 226 176 226 85
(sec)
Total operating time 296 326 284 282
Table 2 Fuel rate and energy loss from transmission
UDDS cycle Highway cycle
OOL New OOL New

Energy loss from 1412 | 1204 | 998 | 958

transmission (kJ)

Fuel rate (km/L) 23.27 24.37 21.43 22.13
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