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Abstract

The hybrid power system with more than 10 gear ratios is introduced in this paper. The system
consists of a hybrid electric torque converter module (eTC) and a double input shaft gear box
(DIG). The eTC modules include motor, planetary gear set (PGS) and clutch. The rotating elements
of PGS are connected with the engine shaft, motor shaft and two input shafts of DIG respectively to
form a “double power + double freedom + double input” system. In this paper, the configuration
structure and operation mode of the hybrid system based on eTC-DIG are analyzed in detail, and
the economic simulation of the hybrid system is carried out for an off-road vehicle. The results
show that the hybrid system can realize a variety of working modes and eliminate the dual clutch
of DCT, which greatly reduces the cost and risk. A new gear ratio is generated between each odd
gear set and the adjacent even gear set, which doubles the number of gears in the original trans-
mission. Multi-gear is conducive to optimizing the engine working area, and the fuel consumption
of WLTC cycle is reduced by 26%, which greatly improves the fuel economy of the vehicle and has
a good market application value.
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Figure 1. Hybrid powertrain configurations
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Figure 2. Hybrid electric torque
converter module (eTC)
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Figure 3. The Ravigneaux planetary gear
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Figure 4. The speed lever diagram of Ra-
vigneaux planetary gear
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Figure 5. The lever diagram of hybr-
id transmission
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Figure 6. Hybrid system working mode switch
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Table 2. Main simulation parameters

F2 FERMESH

ZE 5 EE (mm) 2745
ER N {(0)] 2600
AR FRE (mm) 377
iE=E 0.9
CERIIE~2 44 336V, 12 Ah
RANBRINE@HE 160 kw/5500rpm
KAWL @FE 380 Nm@1800~3600 rpm
HLI K% 80 kw
CEbIRG N 3v 9000 rpm
FIR 4.1
[#] 5 $4 3 LL (6 X ki %e) 3.294/2.12/1.5/1.103/0.822/0.608
ITERSH K1=1.818;K2=2
tar_Tisg
ens | — <
engine_load # engine_load
control model_chutch
O=>Neng=0 1=>Neng=HNisg| ’—. Teng|
accelerator T
ks ENGINE
CYC_mph brake
e (]
- =)
o D> e o
accordingSOC Taidong_engine_300rpm Oengine_tiqi_Ormm
1 start_model Tisg TRANSMISSION VEHICLE
{O--zpeed model (start eng) 1-tcrgue modeljnarm)  Hybrid]
|
Eh.f
Uamparison of fusl  Switch_Hybrid
Traditional ICE
TriCE
Traditional ICE
BATTERY
option scope

Figure 7. General model of hybrid vehicle simulation
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Figure 8. Pattern transfer block diagram
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Figure 10. The simulation results
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