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QUESTION ONE

You are required to carry out first and second order balancing on a single cylinder engine. The engine is a 450cc
off road bike and requires to have minimum vibration. Piston mass is 450 gms, conrod mass is 420gms. Stroke is
60 mm and con-rod length between centres is 130mm. The crankshaft has a total mass of 3kg.

a)

b)

s)

h)

Explain, using diagrams, the principle of using constant amplitude forward and reverse rotating vectors to
represent the reciprocating and rotating first order forces. Calculate the total mass moment in kg.mm of the
resultant first order forward vector. (2 marks)

Calculate the required offset in mm of the centre of gravity of the crankshaft from its centre-line of rotation
to achieve 100% balance of the first order forward vector.
(2 marks)

Calc_ulate the mass moment in kg.mm of the resultant reverse rotating first order vector. If the counter
rotating balance shaft has a mass of 2kg calculate its required centre gravity offset from its centre-line or
rotation to achieve the required mass moment. (2 marks)

Explain, using a sketch, how you would drive the balance shatt. If the crankshaft has rotated 270 degrees
from TDC show the position of the balance shaft using a suitable sketch.
(2 marks)

Explain, using diagrams, the principle of using constant amplitude forward and reverse rotating vectors to
represent the reciprocating second order forces. Calculate the total mass moments in Kg.mm of the
forward and reverse second order vectors. (2 marks)

If balance shafts are used to cancel the second order forces and each balance shaft has a mass of 2kg,

calculate the required offset of their respective centres of gravity.
(1 mark)

If the crankshaft has rotated 270 degrees from TDC, show the positions of the second order balance shafts
using a suitable sketch and identifying the directions of rotation of each shaft.
(3 marks)

Using another sketch, show how both the second order balance shafts could be driven from the crankshaft.
(2 marks)

If the engine is running at 7000 rpm crankshaft speed and the torque on the first order and two second
order balance shafts can be assumed to be 3 Nm at each shaft pulley, calculate the total power loss |
driving the three balance shafts. (4 marks) |
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QUESTION TWO

You are required to carry out first and second order balancing on a 120 degree bank angle 800cc vee twin 4 stroke
engine. There are two crankshaft options. First, a crankshaft with both con-rods on a common crankpin, and

second, a crankshaft with offset crankpins. Piston mass is 330gms and con rod mass 330gms. Stroke is 50 mm
and con rod length between centres is 140mm.

a) For the common crankpin crankshaft, calculate the mass moment of the resultant first order forward

rotating vector in kg.mm. If the crankpin is along bank 1, show the direction of the resultant first order
rotating vector using a suitable sketch. (2 marks)

b) Calculate the mass moment in Kg.mm and direction of the resultant first order reverse rotating vector if the
crankpin is along bank 2. Use a suitable sketch to show direction. (2 marks)

c) Calculate the mass moment in Kg.mm and direction of the resultant second order forward rotating vector if
the crankpin is along Bank 1. Use a suitable sketch. ‘ (3 marks)

d) Calculate the mass moment in Kg.mm and direction of the resultant second order reverse rotating vector if
the crankpin is along Bank 1. Use a suitable sketch. (3 marks)

e) The crankshaft is now to incorporate offset crankpins and putting pin 1 along Bank 1, calculate the offset
angle required to cancel out the reverse rotating first order vectors. (2 marks)

f) With this offset angle and pin 2 along Bank 2, calculate the mass moment in Kg.m and direction of the
resultant second order forward rotating vector. Use a sketch to illustrate your answer.

(2 marks)

g) With pin 2 along Bank 2, calculate the mass moment in Kg.m and direction of the resultant second order
reverse rotating vector. Use a sketch to illustrate your answer. (4 marks)

h) Are the resultant second order forward and reverse rotating vectors the same magnitude? If the crankshaft
now turns clockwise ninety degrees, show the mass moment in Kg.m and direction of the resultant second
order forward and reverse rotating vectors using a suitable sketch.

(2 marks)

Page 3 of 7 2018/2019 Trosodd / Turn Over



QUESTION THREE
You are required to analyse the crankshaft and flywheel on an in-line 2 cylinder 2 stroke engine with

crankpins at 180° to each other.

« The engine has 3 main bearings.

* The
« The
« The
 The

(a)

(b)

d)

Page 4 of 7

individual piston and gudgeon pin mass is 300 gms.
individual con-rod mass is 360 gms.

stroke is 50 mm.

bore-centre spacing (pinto pin) is 100 mm,

Calculate the mass of the required bob-weights which would be needed for balancing the
crankshaft on a balancing machine if 100% of the forward rotating vectors are to be balanced.

(3marks)

The crankshaft is to be fully balanced using 2 equal counter webs on the outer sides of the 2

respective crankpins.

The diagram shows the x and z coordinate axes for the crankshaft.

. C?.lnterweb
X //
> :l ’
M
ANy
2 X
e

Counterweb

If the centre of mass offset z for an individual crankpin including is 3 mm, calculate the x offset
from the middle of the crankpin to achieve the required balance if the total crankshaft mass is 6

kg.
( 4 marks)

Itis now required to add a counter-rotating balance shaft to cancel the resultant first order reverse
rotating moment of the mass moments along the crankshaft. Calculate the magnitude of the
reverse rotating moment in kg.mm.mm.

(2 marks)

If the balance shaft is basically a circular shaft with two eccentric masses at each end at a distance
150mm a part, calculate the mass moment in kg.mm of each eccentric mass to achieve 100%
balance of the reverse rotating moment. (3 marks)
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0)

0)

——————

If the crankpins are now phased by 90" so that when crankpin 1 is at TDC, crankpin 2 is 90° past
TDC, calculate the magnitude of the resultant first order moment of the mass moments in

kg.mm.mm along the crankshaft.
(3 marks)

Looking from the front of the crankshaft with pin 1 at TDC, show the direction of the resultant first
order forward rotating moment of the mass moments along the crankshaft. Explain how you

calculated the direction.
(3 marks)

Looking from the front of the crankshaft with pin 1 at TDC, show the direction of the resultant first

order reverse rotating moment of the mass moments along the crankshaft. Explain your reasoning.
(2 marks)
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