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MAY 2019 MAI 2019

MODULE CODE: M6X00410
Competition Engine Design

TIME: 2 HOURS

ANSWER THREE QUESTIONS OUT OF FOUR

Note that in all your answers, marks will be awarded for detailed explanation of the
calculation steps. It is essential to include explanations.
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QUESTION ONE

You are required to carry out the balancing of a vertically mounted 500 cc single cylinder Enduro engine
at first order of crankshaft rotation.

Ar.sumearadngpistonandgudgeonphﬁmalolalmassofzwgms. Assume a forged steel con-rod
of total mass of 300 gms. Assume that the big-end bearing shells have a total mass of 20 gms. Assume
that the stroke is 50 mm. Asummmmeannkshaﬂismadeofsteelamnasamassomjkg.
Assume a con-rod length of 100 mm.

(a)

(b)

(©

(@

(e)

U]

@

(h)

Using diagrams, and fully explaining the physics, calculate the total mass moment of the
resultant first order forward rotating vector acting on the crankshatt as a result of the
i ing and rotating forces from the piston/connecting rod assembly. Give your answer

in kg.mm.
" (2 marks)

Explaining fully the reasons, calculate the required offset in mm of the crankshaft centre of
mass from its centre-line of rotation to fully balance the calculated forward rotating vector in
part (a). Sketch the crankshaft to illustrate your answer.

(2 marks)

Calculate the mass moment in kg.mm. of the first order reverse rotating vector.
(2 marks)

ﬂnreverserotathgﬁrstordaveduisalso!obeﬁ:ﬂybalancedformdng. Would you drive
the balance shaft from the crankshaft with gears, chain or belt? Sketch a schematic drawing
ofmedﬁvemedmnismofymrdmieeboldngatmeﬁ'ontofﬂ)eengine.

(2 marks)

Assuming the balance shaft has a total mass of 1.5 kg, calculate the required offset in mm of
hmofmassﬁunitswme-ﬁmofmaﬁmmmwwamememmtaﬁngﬁm
order vector.

(2 marks)

If the crankshaft has rotated clockwise 270° from top-dead-centre, show where the eccentric
part of the balance shaft should be pointing. Use a sketch of front view of the engine to
illustrate your answer.

(2 marks)

Forappﬁtzﬁmsmleteabalanceshaﬂmllnotbeusedforoostmasons, explain the
balancing strategy you will use for the crankshaft to minimise vertical vibrations, using
diagrams to support your reasoning. Calculate the required mass moment of the crankshaft
in kg.mm. to fulfil your strategy.

(4 marks)
If the engine wepetpbehstalledwilhﬂwqﬁnderaxdsalﬁdegreeslothevefﬁwl ina
sports bike application, explain how you would balance the crankshaft to cause least first
order vibration for the rider if it is decided not to use a balance shaft. Explain if it is possible
lt;':e‘t“::;tally balance the vertical first order in this case and use vector diagrams to explain your

(4 marks)
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QUESTION TWO

You are required to understa
for a W3 Engine. For the Vee

nd the balanci o{a60°VeeTMnEngineandmendgvelopmeanalysis
Twin, assun:gbothoonmdssharaammaankpm. For the W3

Engine, assume all three rods share a common crankpin.

The schematic diagrams below show the layout of the two engines:

60 degrees 60 degrees 60 degrees
Bank 2 ank 4
Bank 1. Bank 2. 30 deg@( ) 30 degrees
1
W5

Bank 3

Bank Bank 5

Vee Twin

For both engines, assume the following specification:

Piston Mass = 240gms
Conrod Mass = 330gms
Stroke =  75mm

Conrod Length = 130 mm

For all the questions below, use a suitable sketch to show your answer and fully explain the principles.

(a)

(b)

©

()

(e)

®

(9)
Page 3 of 8

For the Veee Twin Engine, put the crankpin along Bank 2 and calculate the magnitude and
direction of the resultant first order forward rotating vector. Express the magnitudeasa
mass moment in kg.mm.

(1 mark)

Again, for the Vee Twin Engine with the crankpin along Bank 2, calculate the magnitude and
direction of the resultant first order reverse rotating vector. Express the magnitude as a mass
moment in kg.mm.

(2 marks)

For the W5 Engine, put the crankpin along Bank 3 and calculate the magnitude and direction
of the resultant first order forward rotating vector. Express the magnitude as a mass moment
in kg.mm.

(1 mark)

For the W5 Engine, put the crankpin along Bank 3 and calculate the magnitude and direction
?fktherewltamﬁrstordermversemtamgvedor.Expressmemagnimdeasamassmomm
n kg.mm.

(2 marks)
Explain how you would balance these first order forward and reve i i
engine application. rse rotating forces in a real
(2 marks)

If the crankpin rotates clockwise 120 degrees from bank 3 show the position of the
resu
first order reverse vector using a suitable schematic diagram. tant

(2 marks)
201872019 Trosodd/Tum Over



(h)

Page 4 of 8

For the W5 Engine, put the crankpin along Bank 3 and calculate the magnitude and direction
of the resultant second order forward rotating vector. Express the magnitude as a mass
moment in kg.mm.

(5 marks)

For the W5 Engine with the crankpin again along Bank 3 calculate the magnitude and
direction of the resultant second order reverse rotating vector. Express the magnitude as a
mass moment in kg.mm.

(5 marks)

20182019 Trosodd/Tum Over



QUESTION THREE

You are required to develop balancing strategies for a curent F1 V6 engine with a 90° bank angle. The
crankshatt design is one where 2 conrods share one crankpin.

You are required to look at a local balancing strategy and a lighter weight global balancing strategy.
The engine specification is as follows:

Piston Mass = 240gms
Conrod Mass = 240gms
Stroke = 65mm
Conrod Length = 110 mm
Crankpin Phasing = 120°

The figures below show views of the crankshaft when the crankpin for cylinders 1 and 2 is vertical.

)

00

1
i
o0

s o’

Pulley { 10mm { 110mm { Flywheel
e 410 mm R 12
1] a i .
120°
120°
56 34
View from Front

Part1 -  Local Balancing

(@) Calculate the mass moment in kg.mm. of the effective first order forward rotati
acting at the centre of each crankspan. : g vedtor

(2 marks)

(b) Ifeach crankspan of the crankshaft has a mass of 3.0 kg, calculate the required
mass offset in mm needed to achieve 100% local balance. e S

(2 marks)
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(]

Part 2

Makeasketdvfromtheﬁ’omofeam crankspan, showing the offset centre of mass obtained
in part (b) and explain mathematically why boit-on tungsten counterweb masses can reduce
the overall moment of inertia of the crankshaft whilst maintaining the same balance. Why is
this important for racing engines?

(2 marks)

- Global Balancing

For a particular racing application, it is now required to minimise all six Counterwebs to reduce the
crankshaft mass and

(a)

(b)

(©

@

(e)

Page 6 of 8

and achieve the required balancing through an out-of-balance front pulley and flywheel.

Calculate the magnitude of the resultant first order forward rotating moment of the piston and
conrod mass moments along the entire crankshaft. Express your answer in kg.mm.mm.

(4 marks)

(2 marks)

With the Same view from the front, show where the direction of the required centres of mass
of the pulley and fiywheel need to be to achieve overall first order forward rotating balance.

Calculate the magnitude of the resultant first order reverse rotating moment of the mass
moments along the crankshaft in kg.mm.mm. for the Vee 6 Engine.

(4 marks)
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