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Vision BMW

extensive modification of
the drive-train needed

engine speed and torque
must be decoupled

energy storage is needed

gasoline engine:
3,3 litre per100 km (NEDC)



things you shouldn’t do:

% don’t reduce the performance
% don’t add systems and complexity

% don't use electric systems and batteries
for the main transmission
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things you should do

replace the mechanical transmission
avoid throttle losses
use power management and control

separate the engine control
from the load control



torque

engine operation

/_\'\ high efficiency
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required system lay-out

introduce a Common Pressure Rail (CPR)
with accumulators

apply hydraulic transmission components
(which need to be extremely efficient)

make the engine run at high loads only

recuperate energy



Series Hydraulic
Hybrid vehicle



series hybrids

electric
in-wheel motors
A / in all wheels

energy
storage

power

control \

power

plant
hydraulic



demands transmission components
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high efficiency at normal operating conditions

e

* high power density

R/

* low manufacturing cost

in-wheel motors
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»  low weight

» smooth torque

» low noise, vibration and harshness (NVH)
» low friction at start-up and low speed

» four-quadrant operation



Hydrid

hydraulic transformer in-wheel motor in-wheel motor

high pressure
hydraulic accumulator

Common Pressure Rail (CPR)

hydraulic transformer
pump

in-wheel motor

engine

low pressure
hydraulic accumulator

N

in-wheel motor



key components

hydraulic transformer in-wheel motor in-wheel motor

low pressure
hydraulic accumulator

high pressure
hydraulic accumulator

Common Pressure Rail (CPR)

hydraulic transformer
pump

in-wheel motor

engine

N

in-wheel motor
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floating cup principle

high efficiency

high torque at start-up
compact and light

low pulsation and noise levels
smooth torque

low cost

heavy duty

low friction & low wear



Innas Hydraulic Transformer
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pased on the floating cup
orinciple

+ hydraulic “CVT":
(p'Q)in — (,O'Q>out

< high efficiency
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pressure amplification
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energy recuperation



Hydrid

results simulation study

study in co-operation with
the Institute for Fluid Power Drives and Controls (IFAS),
RWTH Aachen University

Dipl.-Ing. T. Kohmascher,
M.Sc. M. Ibrahim Sokar
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Hydrid

simulation model (IFAS
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Hydrid

New European Driving Cycle (NEDC)



Hydrid

no compromises



fuel consumption

energy
recuperation

vehicle

load
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braking rolling aerodynamic rolling  aerodynamic

conventional Hydrid



fuel consumption

engine engine

919% ——= transmission pump e 94%

CPR Y

93% «ﬁh}lﬂraulic transformer e 91%
94% —=*  in-wheel motors e s 96%

vehicle

load
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braking rolling aerodynamic rolling  aerodynamic

conventional Hydrid



fuel consumption

engine engine

91% —* transmission pump

CPR Y

Q hydraulic transformer
in-wheel motors s
vehicle s
- insufficient

load capacity of the

1‘ accumulator

braking rolling aerodynamic rolling  aerodynamic

conventional Hydrid



fuel consumption

engine engine

91% —* transmission 95% — pump

CPR
Q hydraulic transformer ‘
in-wheel motors ‘

vehicle

load
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braking rolling aerodynamic rolling  aerodynamic

conventional Hydrid



fuel consumption

conventional

| 8%

6.6 litre/100 km ZEme  ©
36 MPG |
Hydrid

2.9 litre/100 km
81 MPG

engine ¢ 38%



engine efficiency

conventional Hydrid
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accumulators force the engine to run at
high efficiency

( 200 - 400 bar

high engine
efficiency

always high
engine load

constant
lacement pump:




fuel consumption
and COz-emissions



fuel consumption

4-wheel drive, 100 kW, NEDC (litre/100km)

city

passat petrol

highway passat diesel
nydrid diesel
combined
0 3 6 9 12

/100 km



fuel consumption

4-wheel drive, 100 kW, NEDC (US MPG)

city

highway W passat petrol
~ passat diesel
B hydrid diesel
combined
0 20 40 60 80 100 120 140

US MPG



COr-emission
4-wheel drive, 100 kW, NEDC (gram/km)

European regulation

combined nassat petrol

nassat diesel
nydrid diesel

0 50 100 150 200 250

g/km



conclusion

conventional same car

6.6 litre/100 km
same cycle

same performance

same weight

same traction

< 50% fuel consumption

Hydrid
3.1 litre/100 km < 50% CO2-emission



same concept can be applied in
construction equipment



