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Introduction

Noise, vibration and harshness is a key

area to perfecting in the internal

combustion engine, therefore it is of most

importance that every component in a

vehicle works together to provide a smooth

drive, and the crankshaft is no exception.

The following project explores the theory

and practice behind crankshaft balancing

and the crossplane crankshaft with a

consideration to its usage. Alongside this, a

look into the claims made by Yamaha

about their YZF-R1M and why it utilises a

crossplane crankshaft.

Three experiments have taken place using

Matlab and Solidworks, the first experiment

investigates the theory behind bob weight

balancing and crank balancing, followed by

an experiment into Yamaha’s crossplane

crankshafts.

Aims and Objectives
- To gain a thorough understanding of the

chosen software with the intention to take

this understanding into future projects.

- To achieve a working understanding of

crank balancing and the effects each

method has on racing and production-built

engines.

- To enhance knowledge of crossplane

crankshafts in V8 engines, and further

develop understanding of crossplane

cranks used in motorcycles and the effects

on the overall fee when riding.

- To obtain a greater understanding of the

internal combustion engine, and the effects

that changes made to the crankshaft have

on other components within the motor.

- Asses the claims made by Yamaha

concerning the crossplane crank and its

advantages and disadvantages.

Methodology
The first and second investigations utilised

Solidworks and investigated the validity of

crankshaft balancing, a single cylinder

model was constructed using the computer

aided design software to use as a motion

simulation. The first test is a comparison

between a completely underbalanced

crank and a marginally overbalanced

crank. The following test investigated the

theory of bob weight balancing, by creating

a simulation with one bob weight balanced

to the traditional method of 1/3

reciprocating and 2/3 rotating and the

opposing bob weight mass calculated

using a CAD package.

Figure 3 - The comparison of the two extremes test 

showing a clear difference between the two methods 

Figure 1 – The Crossplane Crankshaft in a V8 

configuration along with the piston and connecting 

rod assembly.

Figure 2 – The first 

test of validating 

crankshaft balancing 

using a crank with 

limited counter webs.
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The results have been gathered by

measuring the stress acting on the

bracketry as there is no channel for

vibration in Solidworks. The results where

taken over one cycle of motion and

boundary conditions where taken into place

to ensure reliability in the results.

Figure 5 – Comparison Between Crossplane crankshaft 

torques and single plane crankshaft torques
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Figure 4 – A comparison of the two methods of bob 

weight balancing showing clear difference in force 

implemented.

Furthermore, an investigation using

Matlab was undertaken examining the

differences between the crossplane

crankshaft and a single plane

crankshaft. Figure 1 shows the V8

crossplane crank at a 90 degree angle.

Figure 2 shows the comparative test

format, the bob weight testing is similar

to this, although utilises a bob weight.

Conclusion

The motion simulation, using Solidworks,

provided evidence for two theories, the

initial theory proven was the need for the

counter webs when balancing a crankshaft,

the evidence shown in figure 3 presents an

obvious difference between the two

scenarios.

The second theory proven showed that the

traditional method of bob weight balancing

in the situation of a single cylinder was not

as effective as the CAD assisted technique.

The Matlab assisted area of the project

showed enough evidence in proving that

the torque delivery on the Yamaha R1M

superbike was far less than that of a single

plane superbike.

Results


