BMW V-12 Training @
Light Alloy Engine  Course A\
M 70 Material |

|




Information

The information in this training course brochure is for the
exclusive use of participants of this training course in the BMW
Service Training Centre.

Information updated to June, 1987.

Refer to the latest information published by the technical
departments of the Service Division for additions and amendments
to specifications.
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1. Introduction

Twelve-cylinder engines have a long tradition at BMW. BMW
already produced a V-12 engine 60 years ago. It developed up to
750 HP (551 kW) and had a displacement of an encrmous 47 litres.
It was known as one of the best aircraft engines in the history of
aviation. In 1930 a Dornier Wal used this engine to cross the
Atlantic in 44 hours.

This was impressive proof of the dependability and quality of BMW
engines.
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Fig. 1
BMW 12 Cylinder Airplane Engine
from 1927

BMW presented a new V-12 engine in 1979. It was based on the
M 20 (2.3 litre) engine. It developed 275 HP/200 kW with a
displacement of 4463 cm?®.

It is time again in 1987:

BMW has developed a new, outstanding high performance engine,
with design principles for the future, for the top model of the '7’
series.

The BMW twelve cylinder engine — currently the most modern
standard production engine in the whole world!

The BMW V-12 light alloy engine (M 70) — the first V-12 light alloy
engine with catalytic converter!



2. Technical Data
V-12 Engine
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Fig. 2

12 Cylinder Light Alloy Engine (M 70)
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3. Concept of M 70

Obijectives:

High performance

Extreme smooth running
Good economy

Up-to-date emission control
Compact design

Light weight

Limited servicing

These objectives meant a special challenge for the engineers
developing such a large, high performance car. BMW developed a
concept for realization of these objectives. An engine developing
approx. 200 kW requiring a displacement of approx. 5 litres. Both
V-8 and V-12 engines could be applied in this range.

BMW decided in favour of a 60° V-12 engine for the following
reasons.

— Limited forces of gravity due to smali cylinder units.

— Short flame travel due to small cylinder units and therefore
realization of high compression ratios.

— Small ignition spacing, so that uniform engine torque is
reached.

Smooth running also means keeping noise levels outside and
inside of the car as low as possible. The volume of oscillating and
rotating mass is especially important in this case. Mass transmits
internal forces and moment into the engine, which will then also
have an acoustic effect. This is why BMW decided for small units.

The aluminium/light alloy crankcase is lightweight and axle load
division is optimal. This guarantees good handling of the car.

The new BMW cylinder head design makes it possible to have high
specific power output with high specific work.



Servicing M 70 engines is reduced due to the application of most
modern technologies.

— Hydraulic valve clearance compensators simplify servicing.

— Auxiliary equipment is driven via multi V belts which do not
reguire servicing.

The timing concept of the V-12 is completely new. Each bank of
cylinders has its own independent Digital Motor Electronics. One
of the many advantages of this conception is a precise definition of
the air flow rate even in partial load range.

Both banks of cylinders can function as independent engines. If
one cylinder bank should fail, the other bank of cylinders would
still produce the power of a normal six cylinder engine.

The engine power is regulated with EML via drive motors on the
throttle valves.

Motronic
M1.2

Driver command

Fig. 3
Composite System
M 70 Engine Timing
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Fig. 4
Section Drawing of V-12
Light Alloy Engine
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4. Engine

4.1 Crankcase

The BMW V-12 engine has a light alloy crankcase made of an
aluminium/silicium alloy. The share of silicium is approximately
17%. The weight of a finished machined crankcase is about 39 kg.
The V-12 engine has 25 kg less weight as compared with the
conventional grey cast iron block of the BMW 3.5 litre engine.

Maijor sizes of the small six cylinder engine series are used.

Cylinder spacing 91 mm
Bore diameter 84 mm
Stroke 75 mm

Fig. 6
Crankcase of V-12 Engine

Banks of cylinders are arranged to each other in a V-angle of 60°.



The crankcase is manufactured using a pressure diecasting
method.

Cylinder barrels themselves are manufactured with a special
method. Therefore the pulling in and sealing of cylinder liners has
been omitted. The iron-coated aluminium pistons run direct in the
uncoated bores. The share of silicium in the crankcase is
guarantee for low wear of cylinder barrels.

Usually light alloy crankcases will be pressure diecast without the
use of sand cores. This led to the so-called OPEN TOP solutions
with free-standing cylinder liners. Strength is given priority over
this more simple manufacturing method for V-12 engines.
Consequently the crankcase is designed with an upper cover for
each bank of cylinders (CLOSED TOP).

Both banks of cylinders are interconnected in a V-angle by a land
and contribute to the good flectional strength in the
engine/transmission assembly.



Annealed cast iron main bearing caps are mounted on the
crankcase with 4 bolts. Two bolts each are perpendicular to the
cylinder dividing plane and paraiiel to the cylinder axis. In this
manner forces of gas and gravity are transmitted into the
crankcase on a wide basis.

@@@|
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Fig. 7 T
Bearing Cap installation on V-12 Engine

There is a large and flectionally strong basis for bolting on the
transmission by way of the

— rear oil pan end and

— flange for bolting on the starter

The bolting flange is cast on the crankcase on both sides. The
method of starter installation can be selected to conform with the
country version of the car.

View of Power Output End of V-12 Engine
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4.2 Crankshaft

Fig. 9

Noise and oscillating behaviour of an engine depend on the
flectional strength of its crankshaft to a considerable extent.

The short stroke conception of the M 70 engine determined the
design of the crankshaft. The seven bearings of the crankshaft and
a crank angle of 120° produce good flectional strength.

Section View of V-12 Engine Crankshaft

Through journals are pebble finished. This means:
— good surface finish,

— tight bearing clearance tolerances and

— uniform good noise behaviour of crankshaft.

The crankshaft is forged from material CK 45.

—
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4.3 Connecting
Rods

Shop Info

Two connecting rods are mounted on each crankshaft journal.
Each connecting rod is forged as also in 2.5 litre engines of the
small six cylinder series. Outside surfaces of the big end of the
connecting rods are machined.

Fig. 10
V-12 Engine Connecting Rod

Size:
Length between big and small
end centres = 135 mm

The connecting rods of cylinders 7-12 are mounted on the rear
throw journal; conseguently there is displacement to the
connecting rods (pistons) of the first bank of cylinders (cyl. 1-6).

Because of this displacement the cylinder head is offset 17 mm
toward the rear from the second bank of cylinders (cyl. 7-12).
Consequently there are also different cylinder head gaskets.
Camshafts also differ in length. The shorter one is in the first bank
of cylinders (cy!. 1-6).

There is different installation of connecting rods for cylinders 1-6
and 7-12.

— Cylinder bank 1-6: Boss on big end faces the timing chain
end.

— Cylinder bank 7-12: Boss on big end faces the flywheel end.

—— The machined outside surface on the big end always faces out.

11
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4.4 Bearings Main and connecting rod bearing shells are triple-material
bearings as used in the BMW turbocharged diesel engine. The
pilot bearing is located on the clutch end.

Pilot bearing

Fig. 11 Sizes ]
Main and Connecting Rod Main Bearings: Width 22.6 mm
Bearing Shells Diameter 76 mm

Conrod Bearings: Width 16 mm
Diameter 45 mm



4.5 Pistons The light weight pistons are made of aluminium and have a
1/10th mm thick iron coat. They run direct in the aluminium
crankcase.

The piston crown has a combustion chamber well, which is offset
in direction of the spark plug. Consequently pistons of left and
right cylinder banks are different.

Cylinder Bank 2 Cylinder Bank 1
1 Cyl. 7-12 Cyl. 1-6

Fig. 12

V-12: Piston Crown View Forward

Shop Info
— Cylinders 1-6: Pistons instalied with well facing forward and
out.

— Cylinders 7-12: Pistons installed with well facing back and out.

— Note installed position of connecting rods!

Piston Rings 1st groove: Plain compression ring with internal chamfer and
crowned, chrome plated bearing surface

2nd groove: Tapered face compression ring

3rd groove: Bevelled oil scraper ring with rubber lined spring

TOP

1
TOP

=— AR ,
3

X

Fig. 13
V-12 Pistons and Piston Rings
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4.6 Cylinder
Heads

Cylinder Head
Gaskets

The pressure diecast aluminium cylinder heads for cylinders 1-6
and 7-12 are completely identical.

The compression pressure and compression ratio only have slight
tolerances.

The reasons for this are:

— the electrochemically machined combustion chamber wells
and

— the double-classified cylinder head gaskets.

()

-

Fig. 14
Valve Drive and Combustion Chamber

Gaskets are fundamentally different for cylinders 1-6 and 7-12.
Each gasket is marked with the words “TOP"” and “FRONT".
Therefore mix-ups during installation are excluded.

Gaskets are available in two different thicknesses depending on
the amount of measured piston protrusion. They are marked with
one or two holes on the end of the gasket. It is therefore possible
to note the thickness from the outside.

Cylinder head covers have a sandwich design (metal/plastic/metal)
for suppression of noise.

-



Valves

Valve lift (mm)

Valves are operated with help of rocker arms. They are arranged in
a V-angle of 14°. Each valve has two springs to reduce the high

oscillation during valve operation.
The name of the valve material is nimonic.
The thrust piece serves to increase the surface of the valve and as
a guide for the rocker arm.

@,

Fig. 15

Valve Operating Components

Sizes:

Intake valve dia. 42 mm
Exhaust valve dia. 35 mm

The lift of intake/exhaust valves is the same, namely 10.6 mm for
both. However, valve lift operation is different. Inclination is 104°
for intake and 108° on crankshaft for exhaust.

Rocker Arms

T Theroretical Valve Lift Operation
(Valve clearance = 0)
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Theoretical Valve Lift Operation
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Rocker Arms

Hydraulic
Valve
Clearance
Compensators
(HVA)

The rocker arms for valves are clear chilled castings. They bear on
the hydraulic valve clearance compensators. Long valve lift and
short valve dwell times are made possible and affect a full torque
development with high power output.

The compensators guarantee correct valve clearance without
servicing. They work according to the principle of hydraulics.

— Hydraulic fluid is exchanged between a supply chamber and
high pressure chamber.

— An internal piston bears on the lubricating oil cushion of the
high pressure chamber. Oil displacement values are given.

— Certain influences (e.g. heat) could change the oil volume in
the high pressure chamber.

— There is compensation for this change, if excessive oil escapes
through a leak gap into the supply chamber.

— This oil drainage can be balanced out, if a return spring presses
the piston up. Oil then flows back into the high pressure
chamber via a ball-type check valve.

1 Bleeder bore

2 Oil supply chamber

3 Oil supply bore

4 Piston

5 Body

6 Ball-type valve

7 High pressure chamber
8 Spring

Fig. 17
Compensator Section View




4.7 Camshaft

Two overhead camshafts control the valves. Both of them run on
seven bearings each, however, they differ in length and design.
The camshaft for cylinder bank 7-12 is longer because of the wide
connecting rod displacement.

Camshafts are lubricated via spray plates, which are supplied with
oil from the bearing seats.

Dwell time of both camshafts: 248° crankshaft
Injection timing of intake side: 104° crankshaft
Injection timing of exhaust side: ~ 108° crankshaft

Fig. 18
Engine Timing

Both camshafts are driven by a single roller chain (Simplex) on
sprockets. Occurring chain oscillation is suppressed with plastic
coated guides. Chain links are precision blanks, in order to
guarantee a long service life for the guides.

The adjustable chain tensioner (1) is located on the loose side of
the belt.

17
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Valve Timing

M70




