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* Overall objectives

— To improve fuel economy and reduce hazardous emissions.
 Background
— For most of the popular HEVs, Toyota THS, Ford FHS, GM AHS, two EMs are
used, with one as a motor, and the other as a generator.
 Reasons for developing a single EM HEV

— An EM can be operated in any one of the four quadrants of the torque versus

speed coordinate system. The EM works as a motor in the quadrant 1 and 3,
and as a generator in 2 and 4.

— The single EM HEV uses one less EM and its associated power electronics
system, which imply advantages of compact, low power loss and low cost.
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Existing typical transmission architectures for two EM HEVs: from Toyota
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97 Motivation of developing a
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ICE: Internal Combustion Engine
EM: Electric Machine
ESS: Energy Storage System
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e The MMT(multi-mode transmission) consists of input planetary gearset and
output planetary gearset.

* Four clutches are employed, two rotating clutches (CR1, CR2) and two braking
clutches (CB1, CB2).
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 Operation Modes of MMT based single EM HEV
Operation Clutch operation EM
Power flow mode .
mode CB1 CB2 CR1 CR2 operation
Motor-only driving Motor-only < motor
Engine-only 1 L 2 L 2 spinning
Engine-only 2 inni
Engine-only driving ngine-only_ d g spinning
Engine-only 3 L 4 4 spinning
Engine-only 4 < < fixed
Compound_1 L 4 L 4 motor/generator
Compound driving Compound_2 4 L 4 motor/generator
Compound_3 L 4 L 2 motor/generator
Compound_4 EVT L 4 motor/generator
Mech_Braking fixed
Reg Braking L 2 generator
Compound_Braking 0 L 2 generator
Braking .
Compound_Braking_1 L 4 L 4 generator
Compound_Braking 2 L 2 L 4 generator
Compound_Braking_3 L 4 4 generator
Charging while parking Charging while parking L 2 generator
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Energy management strategy of
the single EM HEV
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Performance comparison through simulation in NEDC

Parameter Value
gross mass (kg) 1295

rolling radius (m) 0.2898
rolling resistance coefficient 0.011 THS I 3.90
air resistance coefficient 0.31
frontal area (m?2) 2.1 MMT 3.81
final drive ratio 3.905
engine maximum power (kW) 57 Results Comparable
engine maximum speed (rpm) 4500
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e Simulation results of NEDC: vehicle velocity
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 Both the MMT vehicle and the THS Il like vehicle track the NEDC profile very

well.

* Both vehicles gain identical kinetic energy through the NEDC process.
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. Simyzlation results of NEDC: operation modes

SRR TR T
IV

2 H ]

N
o

o

operation mode
(o))

0 | | | | |
0 200 400 600 800 1000 1200

time(s)
10 of the 16 operation modes are used. These operation modes cover 4 of the 5

power flow modes.

 The charging while parking power flow mode is not activated as the battery
SOC can be balanced during vehicle running.
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* Simulation results of NEDC: Engine, EM, Battery power, and Battery SOC
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* More positive and negative engine power in THS II.
 More frequent usage of EMs and batteries in THS II.
* Initial and ending SOC are identical, MMT SOC is more stable.
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 Engine operatmg pomts
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 Most operating points of MMT engine spread in the high efficiency reglon
defined by the engine speed :1500rpm ~ 4000rpm, the engine torque: 70Nm ~

100Nm.
* The operating points of THS Il engine concentrate on high efficiency area.
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97 Simulation Results and Analysis

* The energy flow for NEDC simulation

input losses output
Fuel :VI\ Battery
; storage . L. .
combustion =*«  No plug-in electricity input
Braking :> Vehicle  and auxiliary component
regeneration kinetic  consumption for
l ! l ! simplification
External losses Internal losses

(road, wind, ramp) (mechanical motion,
power electronics)

Why the MMT vehicle can accomplish the NEDC by using less engine energy
with a lower average engine efficiency?

Possible explanation: more regenerative regeneration, less internal losses. The

internal losses come from the electric machines, battery and their power
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BARCELONA  Statistic data and detailed explanation
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* Prototyping of MMT and bench test for the
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* A novel MMT for a HEV using a single EM is developed, the HEV:

— uses one less EM and its associated power electronics, which imply
advantages of compact, low power loss and low cost.

— makes use of many components of the conventional ATs. Thus, the reliability
and cost effectiveness are likely to be superior.

 The comparable simulation results with THS Il vehicle indicate the potential of
the proposed MMT vehicle in fuel economy.

* The prototyping of proposed MMT and bench test for the MMT vehicle
validated the basic operation modes and viability of this single EM HEV
scheme.
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Thanks for your attention!
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