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Into the future – pro-ecologically and efficiently: 
Munich, July 2005
The new MAN D20 powerpack – now in a bus for the first time


· Prizewinning new D20 engine generation with a wide range of ratings from 270 to 430 hp
· First deployment with a customer in the MAN Lion’s City low-floor bus
· New materials and engineering methods improve power output and efficiency
· Compliance with Euro 4 is achieved in bus with PM-Kat® 

The MAN Lion’s City – excellent prospects for urban transport
Less than one year ago the new Lion's City low-floor bus from MAN was presented at the IAA in Hanover and has since then attracted a great deal of attention in the transport business – not only because of the vehicle's modernised appearance inside and out but also because of the new technical solutions such as the Twin Electric Platform System TEPS®, the optional superwide tyres on the rear axle coupled with the extremely wide aisle at the rear or the new short 10.5 m version (Lion's City M). As a result the bus has won numerous renowned awards such as "Bus of the Year 2005", "City bus of the Year 2005" in the ETM readers' poll and the if-Design award 2004.
This innovative vehicle, which occupies a special place in the MAN product portfolio, is now playing another pioneering role in the Group. For the first time the new D20 in-line six-cylinder engine has been used in the bus in field trials. The first four vehicles are going to the local transport authorities in Nuremberg, Munich, Annaberg and Salzgitter and will be delivered this summer. The new engines, which with the PM-Kat® developed by MAN satisfy the requirements of the Euro 4 standard, will be going into series production in spring 2006, i.e. long before Euro 4 is scheduled to come into force in October of that year.
A bus packed with power at the rear – the new Euro 4 engines
The new horizontal in-line sixes come with a displacement reduced to about 10.5 litre, an even more stable housing and a range of ratings to suit various requirements. These start with the MAN D2066 LUH 05, which with its 199 kW/270 hp will supersede the horizontal engine from the D08 range. This is the only D20 bus engine to achieve its rated output only at 1900 rpm; all the others do this at 1700 rpm, unlike truck engines, which ensures rapid moving-off and a good response. The ample torque curve over a wide speed band from 1000 to 1400 rpm in turn guarantees power reserves at any time, even in demanding conditions.
Above this closely spaced ratings are to be found: for rigid buses the MAN D2066 LUH 01 will be the usual choice; it develops 228 kW/310 hp and generates a superb torque of 1550 Nm. For use in articulated buses or in hilly areas there is the most powerful city-bus engine, the D 2066 LUH 02 with 257 kW/350 hp and 1750 Nm maximum torque. All engines come with the Voith DIWA.5 automatic gearbox or the new ZF 6 HP 502 with six speeds.

The engines have been technically adapted to horizontal installation in buses and therefore have a two-cylinder compressor to supply the extra compressed air needed. Most of them have three instead of only two alternators, a hydrostatically driven fan and usually an air-conditioner compressor, but not the EVB engine brake available in trucks. This is not necessary, as all buses have a retarder or Intarder. The PM-Kat® too has been adapted to take account of the reduced space available. Without oil the engines thus weigh about 100 kg more than the truck versions, but they are still 100 kg lighter than their predecessors, the bus engines from the D0836 series. 
The smaller D 0836 range too (6.8 litre displacement) has been modified for compliance with Euro 4 exhaust-gas requirements. Apart from the deletion of the horizontal 280 hp unit, which is to be superseded by the D20, this involves mainly the use of a two-stage turbocharger with intercooler. The ratings of the vertical variants, however, have been left at 240 and 280 hp like those of the Euro 3 engines.
The new - MAN D20 Common Rail engine
About one year ago, after four years of development, MAN presented its newly developed D20 Common Rail engine range, a new generation of diesel engines which is far more than just a successor to an engine concept of practically legendary repute,. The new engines with ratings ranging from 270 hp/199 kW to 430 hp/316 kW (390 and 430 hp available only in the new generation of intercity buses) are an unprecedented achievement: compared to their predecessor, the D2866, they are more powerful while at the same time more compact and, with 10 % weight savings, also considerably lighter and quieter. This is all reflected in the fuel consumption, which is below the figures for the much larger forerunner. The materials used and a considerable engineering input form a firm basis for compliance with the Euro 4 and 5 exhaust-gas limits to come. Confirmation of the success of these engines in trucks came from the innovation prize "Intelligence for Transport and Logistics" awarded by Bavaria's Minister for Economy, Infrastructure, Transport and Technology, Dr. Otto Wiesheu, at the "transport logistic 2005" fair. Innovation in development and production is also the foundation for the growth at the Nuremberg plant over the last few years: the number of engines produced there has almost doubled since 1997to 84,000 units in 2004.
The six-cylinder in-line engines with an overhead camshaft and four valves per cylinder, turbocharger and intercooler are supplied with fuel by a second-generation common rail direct injection system made by MAN’s supplier Bosch. Throughout its engine programme for heavy commercial vehicles from 270 hp/206 to 660 hp/485 kW (heavy-duty tractor with V10 engine) MAN has thus opted for the injection system of the future – common rail. 

The first D20 Common Rail engines which fulfil the Euro 4 exhaust-gas regulations will be up and running well before the mandatory deadline. MAN has been able to do without any complicated SCR technology since, beside common rail and exhaust gas recirculation, the engines have also been fitted with a maintenance-free PM-Kat® (PM stands for particulate matter) specially developed for exhaust-gas treatment by MAN.
The new engine format - smaller, lighter, stronger

Engineers call it downsizing and the four-valve engines are far more compact than their predecessors. MAN’s new diesels for ratings from 270 hp/199 kW to 430 hp/316 kW have a uniform capacity of 10,518 cm³. With their increased specific power output the engines operate much more economically and with far fewer emissions despite higher maximum torques since they have been optimised towards complete combustion. In addition, compared with their predecessor, the D2866 engine, there are weight savings of up to 100 kg, which gives operators the benefit of a higher payload capacity, a not unimportant point in the current discussion of weights in intercity buses and coaches. 

The magic formula 6 in the six-cylinder in-line engine bears out the harmony of the concept – and results in the complete lack of those forces of inertia and moments in other designs which can be controlled only with considerable work input. As always at MAN, the model designation D2066 refers to the bore dimension of 120 mm. With its bore/stroke ratio (120 : 155 mm) the new MAN diesel can be described as a long-stroke engine. The output characteristics of the D20 Common Rail prove that capacity is not the last word. This is due to the increased combustion pressures of over 180 bar, which make ample torque curves possible and high revolutions unnecessary.

The practical driveability of the engines has been adapted to the main deployment criteria – powerful when moving off in urban traffic with regular stop-and-go, even at speeds just above idling, but exceedingly flexible rapid driving for intercity and touring applications in the medium speed range. A driving style without much shifting is guaranteed – even at a moderate 1,500 crankshaft revolutions the driver has the advantage of the complete engine output, and the maximum torque is available over a wide speed range from 1,000 to 1,400 rpm. Bus engines reach their rated output at only 1700 rpm (1900 rpm in the D2066 LUH 05), which makes for quick pick-up and spontaneous readiness to perform.
A modern recipe with the best ingredients
D20 Common Rail engines have all the features of modern engine technology. Their compact design with the reduced capacity and cylinders closer to each other results in the lowest engine weight in this output class. This design has been made possible by using high-strength GJV-450 material (vermicular graphite casting) for the crankcase. This permits high mean pressures and hence a high output and torque. As a result MAN’s new diesel generation is in a class of its own on the market. 

The engine block has been designed for maximum stress and strain by means of FEM calculations (finite elements method). At the same time the developers have saved any unnecessary material. Use of synthetics for the fuel piping together with the aluminium for the air and coolant lines in the hot area of the engine have all played a role in reducing the weight. For the same reason the flywheel housing for the connection to the gearbox is also made of aluminium.

The rigid cylinder head is made in one piece as a highly complicated casting of special cast iron into which all the components of the valve timing are fitted. The design with overhead camshaft and four valves per cylinder reduces the number of moving parts. Four-valve technology ensures an optimal gas throughput and volumetric efficiency. At the same time roller rocker arms minimise frictional losses within the engine. 
The new material GJV-450
Made of the high-strength material GJV-450, the crankcase is a key component in the new engine generation. Cast iron with vermicular graphite is an independent cast iron material with higher rigidity and endurance strength than that of grey cast iron. With its strength of 300 to 500 N/mm² it ranks between conventional grey cast iron and nodular cast iron, although GJV has advantages of both: the good vibrational damping and castability of grey cast iron and the high modules of elasticity combined with the endurance limit of nodular cast iron. However, GJV requires particularly careful metallurgic work. The material is produced by melting treatment with magnesium.  

This material makes it possible to cast highly stressed crankshaft bearing covers on the main casting instead of producing them separately. A comparison with grey cast iron shows clearly that this high-grade GJV also has the reserves needed for bearing cover material. The main bearings of the crankcase are cracked – which is the term for controlled separation by means of breaking. In the cracking plant grooves are lasered on both sides in a laser station and the casting is then broken open. Without any further machining this creates precisely positioned joints which fit perfectly when assembled and can thus optimally withstand cross loads. In this way the crankshaft lines can now be produced in the closed oil sump frame, making it possible to simplify the sealing concept and make the crankcase even more rigid. 

Lightweight, high-strength materials which withstand increased ignition pressures have been used for the pistons and conrods where strength is critical. The aluminium design of the pistons with an integrated cooling duct is lightweight and has a high load strength. The special forged steel of the conrod offers ample reserves of dynamic strength for coping with high peak pressures and excess speeds.
Common Rail direct injection 
In its choice of the fuel injection technology MAN is the first commercial vehicle manufacturer to opt for Bosch’s second-generation common-rail technology. The main advantage of this common-rail injection system, which operates with system pressures up to 1,600 bar, is the large number of variations possible in the configuration of the injection pressure and injection times. The time and location of the pressure generation and the injection are separate so that the pressure can be adjusted independent of the engine speed and the injection quantity. 

Injection parameters such as system pressure, injection time and fuel quantity can be largely freely selected and hence ideally adapted to the relevant operational condition. High injection pressures at low engine speeds make for good moving off capabilities with low smoke values. Low pressures under partial load result in optimised NOx values and a good fuel consumption. High injection pressures under full load permit high exhaust gas recirculation quotas, while the increased injection pressure provides for a low diesel consumption. In combination with precisely timed multiple injection this leads to a more uniform increase in the combustion pressure, while at the same time the pre-injection in the idling range and under partial load ensures a considerably quieter combustion noise. 
Exhaust gas recirculation and turbocharger
As in all Euro 3 engines in MAN’s large engine range an external exhaust-gas recirculation system (EGR) now supports the measures inside the engines of the  D20 Common Rail generation too. Now a larger share of the burnt gases from the main flow of exhaust gas passes through an EGR cooler through which coolant also flows and, depending on the operational condition, these gases are mixed with the charge air in the intake duct. The surplus oxygen in the cylinder charge is thus reduced and the resultant lower combustion temperatures lead to lower NOx emissions. By adjusting the injection time accordingly the fuel consumption can be further lowered.

In their choice of turbocharger MAN’s engineers favoured tried and tested technology. The thermal energy from the exhaust gas is used in the turbocharger to compress the air that is drawn in. The special arrangement of the charger characteristics and the optimised common rail injection technology give D2066 engines an advantageous torque curve which corresponds to that in far larger engines. As a result of the bypass function of the exhaust-gas recirculation the charger does not need a wastegate.
Fewer sealing points
Sealing points are also always potential leakage points. For this reason MAN’s engineers have devoted a lot of time and attention to eliminating them. The reduction of sealing points, surfaces and lines in the design thus also cuts the risk of leakage. Between the cylinder block and head there is now no direct exchange of engine oil and coolant. The engine cooling and lubrication system used in the D2066 is protected by MAN patents. The crankcase and cylinder head are supplied with coolant separately in a parallel system. The flow through the inlets and outlets is diagonal. In conjunction with the large cross sections of the coolant channel this ensures balanced cooling of the individual cylinders.  

The oil supply to the cylinder head and block also runs parallel via separate oil circuits.  Oil is distributed to the lubrication points at the same pressure level, which guarantees an optimal supply of compressed oil to the components. The usual passage of oil and coolant at the cylinder head gasket is now a thing of the past in the D20 Common Rail engines. The sealing of the oil sump has also been improved, and the sealing surfaces have been given an optimal routing.
Focus on life-cycle costs
The engines of the D20 range permit further improvements in the economy of MAN’s heavy vehicles. As far as fuel consumption is concerned the new Common Rail engines are already ahead of their field. The reasons for this are the optimal thermodynamic relationships, high ignition pressures and the minimised friction losses. The new design has involved extensive component optimisation; this also applies to the one-cylinder air compressor, which is now driven from the flywheel end. A divided and tensioned intermediate gear balances out the play when the load changes and thus suppresses the typical rattling of the gear drive in the delivery stage.
During the development of the D20 Common Rail engines particular importance was attached to the concerns of maintenance. An MAN's Lion's City with D2066 engine operating in urban traffic needs to visit the workshop for a service just every 60,000 kilometres. However, the engine oils approved by MAN must be used. The decisive factor for the realisation of these long maintenance intervals is the extent of the load on the engine oil caused by combustion. The modern engine technology reduces the particulate load by means of high combustion pressures which achieve practically complete combustion. The high-capacity oil sump with 40 litres offers additional reserves.

This new engine generation is exceptionally easy to service; during the regular service the work is restricted to checking the valve clearance and the ribbed poly-V belt. The latter now only drives the water pump, alternator and refrigerant compressor. Many of the add-on and peripheral units are driven by the maintenance-free gear drives at the front and rear of the engine. The number of critical sealing points in the engine has been greatly reduced and the supply of oil and fluids optimised. The diagnostic possibilities of the new EDC control unit have been considerably improved and extended. Deviations from the standard values which arise during operation are saved by the control unit and can be read out later during maintenance work by means of on- or off-board diagnostics. 

One of the main developmental goals of MAN’s engineers for the D2066 programme was to increase reliability and extend the service life. This has been made possible mainly with the aid of optimised and robust components. By optimising the cross-section it was possible to improve the rigidity and the resistance to deformation at critical wearing points such as the cylinder head, liners and pistons. The aim is operational strength – and this was guaranteed right from the design stage by FEM simulation followed by tough tests on the test beds and in areas with extreme climates. 
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Technical data 

MAN D20 Common Rail bus engines (horizontal) 

Four-stroke in-line six-cylinder diesel engine with exhaust-gas turbocharger and intercooler, second-generation common-rail injection system (Bosch), electronic EDC7 engine control, eight-jet direct injection; low-emission engine to Euro 4
	Displacement
	10,518 cm³

	Bore x stroke
	120 x 155 mm

	Compression ratio
	20.5 : 1

	Number of valves per cylinder
	4

	Mean piston speed at rated speed
	8.78 m/s

	Breakaway at maximum speed
	2,150 1/min

	Idling speed
	550 1/min

	Cold-start capability without aid
	- 20° C

	Dry weight to DIN 70020-A
	1050 kg


D2066 LUH 05 (without OBD) / LUH 11 (with OBD)
Rated output
199 kW/270 hp at 1,900 1/min

Max. torque
1,250 Nm at 1,000 to 1,400 1/min.

Mean effective piston pressure at max. torque
14.9 bar

Power-to-weight ratio
5.28 kg/kW

Specific output
18.9 kW/dm³

D2066 LUH 01 (without OBD) / LUH 12 (with OBD)
Rated output
228 kW/310 hp at 1,700 1/min

Max. torque
1,550 Nm at 1,000 to 1,400 1/min.

Mean effective piston pressure at max. torque
18.5 bar

Power-to-weight ratio
  4.61 kg/kW

Specific output
21.7 kW/dm³

D2066 LUH 02 (without OBD) / LUH 13 (with OBD)
Rated output
257 kW/350 hp at 1,700 1/min.

Max. torque
1,750 Nm at 1,000 to 1,400 1/min.

Mean effective piston pressure at max. torque
20.9 bar

Power-to-weight ratio
4.08 kg/kW

Specific output
24.5 kW/dm³

D2066 LUH 03 (without OBD) / LUH 14 (with OBD)
(intercity buses only)
Rated output
287 kW/390 hp at 1,700 1/min.

Max. torque
1,900 Nm at 1,000 to 1,400 1/min.

Mean effective piston pressure at max. torque
22.7 bar

Power-to-weight ratio
3.66 kg/kW

Specific output
27.3 kW/dm³

D2066 LUH 04 (without OBD) / LUH 15 (with OBD)(intercity buses only)
Rated output
316 kW/430 hp at 1,700 1/min.

Max. torque
2.100 Nm at 1,000 to 1,400 1/min.

Mean effective piston pressure at max. torque
25.1 bar

Power-to-weight ratio
3.32 kg/kW

Specific output
30.1 kW/dm³

Technical data on MAN Lion’s City exhibition vehicle 

	Length:
	11,980 mm

	Width:

	2500 mm

	Overall height:
	2880 mm

	Max. perm. gross weight:
	18,000 kg

	Wheelbase:
	5,875 mm

	Clearance circle:
	22,300 mm

	Standing height
	2,318 mm

	Floor height:
	370 mm

	Overhang front/rear:
	2,700 / 3,375 mm

	Entrance height front/rear:
	320 / 340 mm

	Clear door width:
	550 mm front / 540 mm rear 

	Seats/standing space:
	30+1 / 56

	Tank capacity:
	280 l

	Engine:
	MAN D 2066 LUH 05, in-line 6-cylinder engine fitted horizontally at the rear with direct injection by means of Common Rail; turbocharger and intercooling, Euro 4.

Rated output: 199 kW/270 hp at 1900 rpm; max. torque: 1250 Nm at 1000 to 1400 rpm; bore/stroke: 120 mm/155 mm; displacement: 10,518 cm³; compression: 20.5:1; exhaust-gas cleaning with cooled exhaust-gas recirculation (EGR) and maintenance-free PM-Kat®

	Gearbox:
	Six-speed ZF 6 HP 502

	Front axle
	Rigid cast iron axle MAN VOK-07-B-01 steered by four separate control arms; stabiliser; maintenance-free axle kingpin pin bearings and wheel suspension.

	Rear axle:
	Portal axle MAN ZF HONP 13100 with central drive offset to the left; axle guidance by longitudinal arm and open A-arm; maintenance-free; i = 6.2 (exhibition vehicle)

	Suspension:
	Quick-change slide-in U-type bellows air suspension with integrated, elastic stroke restriction. Two U-type bellows on the front axle, four bellows on the rear axle, interchangeable.  Electronically controlled level regulation ECAS with displacement sensors on the front and rear axle, vehicle kneeling function for lowering by 80 mm and temporary raising of vehicle over driving level at speeds of up 15 km/h.

	Vehicle electrics:
	Twin Electric Platform System TEPS®, diagnosis of both the primary electrics and the body electrics by MAN-cats II®

	Tyres:
	CO 275/70 R 22.5
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