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A - The objectives of the MCE-5 technology
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Evolution and objectives for CO2 emissions of passenger cars:

Diesel / SI engines contribution:
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The step-by-step evolution of SI engines:

New strategies-technologies are added to previous ones:
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The objective of MCE-5 technology is to combine advantages of Diesel and SI GDI turbo:
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General strategy of the MCE-5 technology:

I - Reduction of friction and pumping losses:

a) High downsizing;
b) High downspeeding.

II - Improvement of combustion-expansion effectiveness:

a) All loads optimization of relation between:
- Ignition Advance;
- Compression Ratio;
- EGR.

III - Additional features:

a) Idle speed reduction;
b) Cold starting pollutant emissons reduction;
c) Maximum fuel flexibility (VCR).
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General strategy of the MCE-5 technology:

To eliminate the need for compromize between BMEP and Compression Ratio:

Fixed compression ratio calls for compromize:

High BMEP (to serve downsizing + downspeeding) penalizes possible max Compression Ratio;
High Compression Ratio (increased expansion efficiency) penalizes possible max BMEP.
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

As downsizing, downspeeding is a priority objective:

ENGINE EXPO - STUTTGART - 8 MAY 2007

TURBOCHARGED IN-LINE FOUR-CYLINDER MCE-5 VCR SI ENGINE

9

0

100

0 5010 20 30

LOSSES compared to reference (%)

DOWNSIZING - DOWNSPEEDING (%)

40

M
o

to
re

d
 f

m
e

p
 (

k
P

a
)

Engine speed (rev/min)

0 1000 2000 3000 4000 5000
0

50

100

150

200

6000 7000

Valve train

Crankshaft
and seals

Sources: Heywood - Stone

Piston pack

Conrod

Downspeeding
decrease of
FMEP

Friction - downspeeding, same size

Pumping - downspeeding, same size

Friction - downsizing, same speed

Pumping - downsizing, same speed

Friction - combined downsizing & downspeeding

Pumping - combined downsizing & downspeeding

20

40

60

80

(in broad line)



The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

Downspeeding is more efficient than downsizing for reducing friction losses:

Friction losses reduction:

15% Downspeeding is as efficient as 50% Downsizing

Pumping losses reduction:

50% Downspeeding is as efficient as 50% Downsizing (same effectiveness)

Notes: 

I - If upspeeding occurs when downsizing, FC consumption reduction can be void;

II - Both downsizing and downspeeding call for high low-revs torque.
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

The MCE-5 7:1 to 18:1 Compression Ratio control
is set for reaching:

1-stage turbocharging

x

Together aiming to reduce:

Friction losses by a 1.5 factor (at same FMEP)

Pumping losses by a 3.4 factor
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

The MCE-5 7:1 to 18:1 Compression Ratio control
is set for reaching:

2-stage turbocharging

x

Together aiming to reduce:

Friction losses by a 2.2 factor (at same FMEP)

Pumping losses by a 7 factor
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

MCE-5 downsizing objective: up to 50%

Low to mid class vehicles:

1.5-2.0 L (L4) downsized to --> 1.0 L (L4; unit capacity = 250 cc)

Power range: .......................................................................... from 75 to 110 kW at 5,000 rpm
Max. torque: ................................................................................... 230 Nm at 1,800-2,000 rpm

Mid to high-class vehicles:

2.5-3.0 L (V6 or L6) downsized to --> 1.5 L (L4; unit capacity = 370 cc)

Power range: ........................................................................ from 110 to 165 kW at 5,000 rpm
Max. torque: ................................................................................... 350 Nm at 1,800-2,000 rpm

High-class vehicles:

4.0-5.0 L (V8) --> 2.25 L (L6; unit capacity = 370 cc)

Power range: ........................................................................ from 165 to 245 kW at 5,000 rpm
Max. torque: ................................................................................... 520 Nm at 1,800-2,000 rpm

MCE-5 downspeeding objective: from 10% (single stage turbo), up to 25% (2-stage turbo)

Diesel-like operational speed + extra speed up to 6,000 rpm (max power at 5,000 rpm)
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

Wide range and high precision CR control is required to meet all objectives:
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

Extremely low Compression Ratio induces virtuous circles for turbocharging implementation:

I - Ultra-low compression ratio (7:1) permits achieving extreme low-revs TORQUE;

II - VCR permits an optimum engine thermal management.
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

Single or two stage turbocharging permits responding to needs for all passenger cars:
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The objective of the MCE-5 technology is to combine downsizing AND downspeeding:

Single or two stage turbocharging permits responding to needs for all passenger cars:

ENGINE EXPO - STUTTGART - 8 MAY 2007

TURBOCHARGED IN-LINE FOUR-CYLINDER MCE-5 VCR SI ENGINE

17

0

5

10

15

20

25

30

35 MCE-5 2-stage turbo

MCE-5 single stage turbo

PSA DW 10

B
M

E
P

 (
b

a
r)

rpm

12
00

16
00

20
00

24
00

28
00

32
00

36
00

40
00

44
00

48
00

52
00

56
00

60
00

64
00

Renault DCI 175 hp

VW TDI 170 hp

Toyota D4D 177 hp

PSA DW12 Twin turbo

Comparative BMEP: MCE-5 VCR & reference Diesel turbo engines



Secondary objective is optimizing combustion-expansion effectiveness at part loads:

CR / Ignition Advance / EGR optimization:

Between 8 and 12% FC reduction on the entire
load range, added to downsizing-downspeeding
benefit.

(Boost simulations)
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B - Brief presentation of the MCE-5 technology
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MCE-5 technology - brief description:

ENGINE EXPO - STUTTGART - 8 MAY 2007

TURBOCHARGED IN-LINE FOUR-CYLINDER MCE-5 VCR SI ENGINE

20

Full stroke motion

Half stroke motion

Rotational motion or fixed

Main features:

Compression Ratio control:

- Linear CR control from 7:1 to 18:1;
- Reactivity - worst case: 100 ms for min to max;
- Precision: ± 0.05 mm.

Guided piston:

- No slap --> VCR compatible, long cylinder service life;
- Low radial stress (about ten times lower on the average);

Objective: reduction of blow-by, wear, oil consumption and friction.



MCE-5 technology - brief description:
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MCE-5 technology - brief description:

Planned evolution:
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ECUCR position sensor

PWM hydraulic valve
Knock sensor

Objectives:

- Mass, size and cost reduction;

- Fully flexible CR control:
- All physical parameters taken

into account. Cylinder-per-
cylinder closed loop CR control
by knock detection for maximum
efficiency during the entire
engine service life;

- Compensation for cyclic
irregularities.



MCE-5 technology - brief description:

General arrangement:
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C - The R&D strategy
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R&D objectives:

Determining factors taken into account:

a) Technical functionalites, flexibility and evolution perspectives;

b) Requirements for mass-production;

c) Ability to respond to mass-market demands;

d) Cost/benefit ratio (profitability).
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Main R&D tasks:
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Key points being studied:

Conformity to objectives:
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D - Current state of the MCE-5 project and intermediate results
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Intermediate results - current situation (in broad line):

Conformity to objectives:
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Friction losses must be further reduced:
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Reduction of MCE-5 FMEP since July 2006 when comparing it to that of Mitsubishi 4A91

(Total friction - single cylinder engine)

1,20

1,70

2,20

2,70

3,20

3,70

1500 2000 2500 3000 3500 4000

Reference: Mitsubishi 4A91

07/2006

09/2006

11/2006

03/2007

MCE-5

F
M

E
P

 (
b

a
r)

rpm



Friction losses must be further reduced:

FMEP reduction sources:

a) Piston (FMEP reduction potential: moderate);

b) Gears (FMEP reduction potential: high);

c) Gear wheel pin (FMEP reduction potential: moderate).
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MCE-5 gears efficiency has to be improved:

Current calculated-estimated gear efficiency:

About 0.97

Target efficiency for MCE-5 gears: 

Between 0.995 and 0.997

Under study improvement methods: 

Method Effectiveness

Gear module reduction ++++
Gear contact ratio reduction ++++
Gear geometry optimization +++
Surface roughness optimization +
Surface treatment (DLC or equivalent) +

Possible gear friction losses reduction ............................................ Between 70 and 90%
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MCE-5 FMEP target:

Objective: a lower FMEP at low speeds:
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E - GENERAL CONCLUSION:

1) VCR is a key technological step for reaching high CO2 emission reduction
and energy sources diversification;

2) MCE-5 technology can respond to all VCR engine requirements;

3) MCE-5 FMEP remains the last point to be improved to complete the engine
conformity to all specifications.
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Thank you for your attention
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