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1 Introduction

In this report, the geometry and handling characteristics of four different motorcycles will be
analysed. These four motorcycles include a Bucci 140cc Supermoto Pit Bike, a Ducati 1199 Panigale,
the Honda RC213V MotoGP bike and the Yamaha R1 World Superbike. For the Bucci and the Ducati,
there will be several points of geometry that will be measured. Some of these points include trail,
rake and wheelbase along with a few others. From here, the centre of gravity for both bikes will be
calculated, as well as some gearbox calculations to figure out the maximum possible top speeds for

both the Ducati and the Bucci.
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2 Background

The Ducati Panigale 1199 is a high-spec sports bike released in 2012 and produced up until 2014,
with a powerful 1199 V-twin engine, a new chassis design and an advanced electronic system which
included electronic suspension adjustments (Ducati 1199 Panigale and 1199 Panigale S (2012-2014):
[Review & Buying Guide], May 2023). This production bike was also used in the World Superbike
championship in 2013 and piloted by Carlos Checa and Ayrton Badovini (WorldSBK, September 2011)

Figure 2-1 - The Ducati Panigale 1199

The Bucci F20SM is a Supermoto Pit Bike usually raced in various Minibike race series. These bikes
are initially designed and produced as dirt bikes. However, they have been adapted so that they can
be used on tarmac tracks, such as changing out the spoked wheels for magnesium wheels and

changes to the front forks and rear shocks (F20SM SPECIFICATIONS | BucciMoto UK, 2024).

Figure 2-2 - The Bucci FS20SM
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3 Geometry Results and Analysis

The first area that was to be calculated for both motorcycles was the centre of gravity, but a few data
points were needed beforehand. These were the rear wheel load, the total weight of the bikes, the
average wheel radius, the wheelbase, the load on the rear wheel when lifted and the angle that the
bike was lifted. From here, the x and y values for the centre of gravity could be calculated. For the x
value, the rear wheel load and wheelbase were multiplied together, and this value was divided by
the total weight. For the y value, the wheelbase was multiplied by the difference between the lifted
and static weight on the rear, which was divided by the total weight multiplied by the lift angle with

the wheel radius added on.

For the Bucci, the x centre of gravity was 0.59 meters, and the y centre of gravity was 0.54 meters.
This meant that 49.1% of the weight was on the front wheel, with 50.9% on the rear giving a fairly

even weight distribution.

Parameters

Rake Angle 19.48 Degrees 0.33999
Offset 20 mm

Wheel Radius 250 mm

Trail 67.21709

Rear Wheel Load 38.1 KG

Total Weight 74.9 KG

Wheelbase 1.16 m

Load on rear wheel when lifted 26.75 KG

Lift Angle 31.147 Degrees 0.543618
Average Wheel Radius 0.25m

xCoG 0.590067 m

yCoG 0.540856 m

Figure 3-1 - Bucci Parameters

For the Ducati, the x centre of Gravity was 0.76 meters, and the y centre of gravity was 0.58 meters.

This meant 47.7% of the weight was on the front, and 52.3% of weight was on the rear.

Parameters

Rake Angle 25.66 Degrees 0.447851
Offset 27 mm

Wheel Radius 310 mm

Trail 118.9724

Rear Wheel Load 97.9 KG

Total Weight IET.ZSIKG

Wheelbase 1.445 m

Load on rear wheel when lifted 76.9 KG

Lift Angle 31.147 Degrees 0.543618
Average Wheel Radius 0.31m

xCoG 0.75549 m

yCoG 0.578146 m

Figure 3-2- Ducati Parameters

After all this information had been gathered, both bikes were plotted as a schematic on SolidWorks,

where the rake and the trail could be calculated.



Reuben Pearson-Warder Motorcycle Geometry Analysis and Dynamic Handling Investigation 2304115

25,640

|

| ] Q

|

) ] X
8 e/ L] o
o 2 o \2
=] N >
2 o
S Sy
IS
N 1445.00

118.97.

Figure 3-3 - Schematic of the Ducati Panigale 1199 including rake, trail, wheelbase, wheel radius, front fork and rear shock
lengths and centre of gravity point

1160.00

Figure 3-4 - Schematic of Bucci FS20SM including rake, trail, wheelbase, wheel radius, front fork and rear shock lengths and
centre of gravity point

To calculate the rake angle, a side on image of the motorcycles was imported into SolidWorks and
sketched around. For the Ducati the rake angle was 25.66 degrees, whereas the Bucci had a rake
angle of 19.48 degrees. To calculate the Trail value, the front wheel radius was multiplied by the sin
of the rake angle with the triple clamp offset taken away, with all of this divided by the cosine of the

rake angle. This gave values of 118.97mm and 67.27mm for the Ducati and Bucci respectively.

Comparing the centres of gravity for both motorcycles, the Ducati has a higher centre of gravity than
the Bucci meaning that the Ducati is able to transfer more weight during the braking and
acceleration stages of a corner. Also, as the Ducati has more weight towards the rear it will also have
more rear grip than the Bucci. However, as the centre of gravity is higher for the Ducati it will be
more inclined for the front wheel to come off the ground and wheelie. As the Bucci has a lower
centre of gravity it means it will be more stable under braking, and as the weight distribution is more
even it will be less likely to understeer on corner exit compared to the Ducati which has less
percentage of weight at the front. One of the main differences for the Bucci having a lower centre of
gravity is the fact it is a minibike designed for kart tracks, whereas the Ducati is designed for big
tracks such as Silverstone and Donnington Park. The Bucci also has a shorter wheelbase than the

Ducati.
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Comparing the rake values, the Bucci has a more acute Rake angle than the Ducati. This means that
the Bucci will be less stable under braking than the Ducati, but it will be more agile in corners and
will be able to turn quicker. This is also seen in the trail values. The Bucci has a much lower trail value
than the Ducati. With the lower value, the Bucci will again be more unstable, and the steering on the
Ducati will be heavier. However, with the applications of both bikes, this will help both help them in

their intended environment.
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4 Gearbox Calculations

There were several steps in calculating the theoretical top speeds of the two motorcycles. Firstly, the
frontal area needed to be found. To do this, two front on images of the bikes were imported into
SolidWorks. From here, a sketch was made around the outline of the bikes then dimensioned
correctly.

B Measure - Pa
5o - W - B M

| Area: 479694.92 mm 2
Perimeter: 4828.85 mm
Part1.SLDPRT
File: Part1 Config: Default

Figure 4-1 - Frontal area of the Ducati Panigale 1199
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Figure 4-2 - Frontal area of the Bucci FS20SM

As seen in the figures above, the frontal area of the Ducati was 0.479694 meters squared and the
Bucci’s was 0.48272 meters squared. This was multiplied by the drag coefficient of the two bikes, at
around 0.7. The Aero drag force and rolling resistance then needed to be calculated, as these two
added together give the overall drag force on a level plane. To get this, the density of air, drag
coefficient, frontal area and the velocity squared are all multiplied. The rolling resistance is 0.02

times the mass and gravity.

The gear ratios found in the workshop manuals for the Ducati are shown in the figure below.
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Gearbox Calculator
Ducati Panigale 1199
Primary

Final

Diameter

RPM

1st

2nd

3rd

4th

5th

6th

30
15

0.64 m
12000 rev/min

15

16

18

20

22

24

53
39

37

30

27

25

24

23
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Speed (KM/H)

127.7851018

168.1084006

210.1355007

252.1626009

288.9363135

Revs Fall
12000
9121.622 2878.378
12000
9600 2400
12000
10000 2000
12000
1047273 1527.273
12000
10541.67 1458.333
12000

328.9077403

Figure 4-3 - Ducati Panigale Gearbox Calculator

2304115

Also seen in this figure is the theoretical top speed of 328.9km/h. The force needed to overcome the

resisting drag forces is 1805.09N and needs 164.4Kw of power. At this speed, the Ducati has a driving

force of 1371.2N and makes 125.3Kw of power at 12,000RPM. This means the Ducati could not reach

its theoretical top speed.

RPM
2000
500
5000
5500
000
6500
7000
7500
8000
8500
9000
9500

10000
10500
11000
11500
12000
12500
13000
13500
14000
14500
15000
15500

Power (k]

4362344,
aa742
484705
55,9078
57.4189
67113
76.0614
89.484
100.669
111888
115.563
119312
120782
128.26
126,769
125278

1163195367

133100481
14.76994234
16.26893657

17.7470308
19.22692504
20.70591927
22.18491381
23.66390774
25.14200187
2862189621
26.10089044
20.57088467
3108887891
32.53767314
34.01686738
35.40886161
36.97485564
3845365008
30.03284431
4141183854
4289083278
4435982701
45.84852125

Velocity 15t (m/s) Velocity 2nd (m/s)

1556559265
17.51120173
19.45699081
2140268989
23.34838807
25.29408805
27.23978713
20.18548821
3113118529
33.07688437
38.02258345
36.96828254
38.91398162

40.8506807
42.80537978
4475107886
46,6967

48.64247702
50.5881761
52.53387518

242
€0.3166715

2188011485
24.32123851
2675336236
2918848821
3161761008
34,04973391
36.48185776
38.91398162
4134610547
4377820030
4621035317
4864247702
5107480087
5350672472
5593684857
58.37007242
6080309627
6323522013
65.65734308.
66.09946763
7053159168
7208371883
75.39563938

v

2334836697
2626603750
29.18548671
3210403483
3502288345
37.94113208

40.8595807
4377822932
4569677794
19.61532656
5283387518

55.4524238
58.37097242
5128952104
64.20806957
6712661829
70.04516691
72.96371553
7586226415
7880081277
8171836139
8463791001
8758645864
9047500726

26.75336236
30.00783266
33.44170295
36.78567325
4013004354
43.47421384.
46.81838413
50.16285443
53.50672472
5685089502
£0.19506531.
6353923561

66.8834059

70.2278762
7357174649
76.91591678
80.26008708
63.60425736
86.94842767
9020250797
93.63676526
96.98093856.
100.3251089
103.6692791

Figure 4-4 - Forces and Powers at different RPMs for the Ducati

Speed (KM/H) Revs

38.09359357

Fall

12000

Gearbox Calculator

Bucci 140

Primary 18 67
Final 16 39
Diameter 0.5m

RPM 12000 rev/min
1st 11 36
2nd 16 31
3rd 17 23
4th 20 21

7104.167 4895.833
12000

8379.507 3620.493
12000

9313.043 2686.957
12000

64.34577682

92.14734887

118.7332787

Figure 4-5 - Bucci Gearbox Calculator

Velocity 3rd (m/s) _Velocity 4th (m/s)  Velocity Sth (mfs)  Velocity 6th (mis)

30.4544204
3426122004
3806802549
41674826804
45.68163050
49.48843314
53.20523669
57.10203824
60.90884079
6471564334
6852244580
72.32924854
7613605099
79.04288384
8374985609
87.55645864
9138306119
9517006373
9897686628
1027838888
1065904714
110.3972739
114.2040768

118.010879

Driving (N) 15t

3468.1508
3277.2802
3025.1639
2079.3281
31512124
2986.3798
32412471
34288101
37814549
4003.8735
42016168
4113.1437
4033.5519
41776138
3941.868
37266512
3529.3800
o0

2nd

2636.263
2491.161
2299533
2264692
2395347
2270.052
2463786
2606.138
2874.417
3043.485
3193708
3126.545
3066.045
3175881
2996352
2832.759
2682708

o

2102.010607
1000.92848
1839626711
1811753579
1016.277824
1616.041753
1971.028619
2084.910272
2299533368
2434.787965
2585037008
2501.236023
2452.835614
2840.440802
2397.081675
2266.206818
2146.238015
[

1757508839
1660.773733
1533.022259
1509.794649
1506808186
1513.368127
1642.523649
1737.428277
1916277624
2028.989571
2129.107882
2084.363353
2044.029679
2117.034002
1997.568229
1888505681
1788531679

[}

5th

1533626
1449.403
1337.91
1317639
1393657
1320.758
1433475
1516.208
1672.388
1770.755
1858.200
1619.081
1783.88
1847.503
1743332
1648.15
1560.9

o0

6t

1347.423
127328
1175317
1157509
1224.289
1160.249
1259.268
1332.028
1469.145
1555559
1632385
1598.012
1567.089
1623.080
1531469
1447854
1371.208
o

Resistance (N)
4426981
52.12882
6090542
7060053
8123784
92.79035,
105.2671
118688
132.9031
148.2424
164.4159
1615136
1905356
218.4817
238.352
2501465
280.8652
303.5082
327.0753
3518666
376.9621
403.3218
430.5858,
4587739

For the Bucci, the calculated top speed on a level plane was 118.7km/h. The forces acting against the

bike would total 244.75N and would require 8.1Kw of power. The Bucci has a driving force of 121.3N

and makes around 4Kw of power at 118.7km/h, meaning it would not be able to reach this speed.
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RPM  Power (k)
a000 2721805
4500 3542074

SS00 492162
6000 5555464
6500 67113
7000 7.30786
7500 7.829845

8000 82027
8500 83891236
o000 82027
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Velocity 1st (mi/s)  Velocity 2nd (mis]

8377063401
8817961475
9.258859548

9699757622
10.1408557

5702888086
7447427873
819217066

9681656235
10.42639902
1117114181

1266062738
13.40837017
14.15011206
14,69485575
1563959853
1638434132
17.12908411

2308702641

140

1200

DivingForce
¥ 8288

Velocity 3rd (ms)

532161933 109936221
0508882174 1236804286
1066520242 1374227762
1173172266 1511650539
127962429 1649073315
13.66476314 1786496091
1495128338 1923918867
15:99780362 20613416437
17.06432387 21.9876442"
1813084411 2336187106
1010738435 24736009727
2026388459 2611032748
2133040483 d
2239690507 26856783017
2346344532 30233010777
245790655 31607238537
255954858 3296146629
2666300604 3435569406
2772080628 35720921827
2870604852 37.10414088”
2086256676 36.47837734”
3092908701 39852605117
3190560725 4122683267
33.06212743 4260106083
N S

Velocity 5th (mis)
" oo

v

Figure 4-6 - Forces and Powers at different RPMs for the Bucci

Divio!

Driving(N) 1st
77186503
89264118

417.2021

329989
2512049
2237908

319.0053144
3690166979

6th

#DIvio!

" #oivio!
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Resistance (N)
17.32358

18.02171
18.80196
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5 Modern Motorcycle Geometry

For the Honda RC213V, there were a few geometry points available from Honda themselves(Honda
Racing Corporation, 2024). The wheelbase of the bike is 1435mm, with an overall height of 1110mm

and width of 645mm. With use of a side on image, a schematic was drawn.

@ 651.00
o
%L'!:.’U-

="
@ 563.00

L 1435.00

Figure 5-2 - Schematic of the Honda RC213V

From this schematic the rake angle could be found, giving a value of 19.1 degrees. With quite a low
rake angle, it could mean instability for the Honda especially under braking. However, with a long
wheelbase and a shorter overall height, it means the centre of gravity of the bike will be lower
allowing for increased stability. Also, with features such as the rear ride height device and winglets

this helps further lower the centre of gravity and increases stability.

Figure 5-3 - A side on image of the factory Yamaha R1 World Superbike

Similar to the RC213V, there were several geometry points available for the Yamaha R1 World

Superbike. The wheelbase of the R1 is 1450mm, which can be changed by 15 degrees in both

9
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directions, the height being 1150mm and a width of 690mm. The rake angle of the bike is around 24
degrees(Yamaha R1 GRT WorldSBK - Yamaha Racing, n.d.). With a standard offset of 28mm (IMA
Adjustable Billet Triple Clamp - Yamaha YZF R1 2015> | IMA_TRIPLECLAMP_MODS8_CP1 | Reactive

Parts, n.d.), the trail value can be assumed to be around 109.6mm

Parameters

Rake Angle 24 Degrees
Offset 28 mm
Wheel Radius 315 mm
Trail 109.5972

Figure 5-4 - Parameters for the Yamaha R1 World Superbike

Comparing this information to the Honda RC213V, parameters such as the rake angle are much
higher. This is likely due to the Yamaha R1 being a production motorcycle that the World Superbike
model is derived from. Being a road bike at its core, there is only so much Yamaha can do to modify
their production bike for maximum performance. With the rake angle being around the average of a
sports bike but higher than a prototype Grand Prix bike, it means in situations such as change of
direction the Yamaha would be slower, but the R1 still has a fairly short wheelbase and low height to

help with lowering the centre of gravity giving the R1 a bit more stability.

10
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6 Conclusion

In this conclusion, potential improvements to the Bucci’s geometry and parameters will be analysed.

One way in which the handling on the Bucci could be improved is by increasing the rake value. With a
higher rake value, it will give the Bucci more stability whilst the front wheel is under load. There is
the disadvantage of the bike then becoming heavier to steer and the fact the bike could understeer
on corner exit, but with the Bucci only weighing 74.9kg this should not affect handling too much.
With an increased value, it also extends the wheelbase. This means the centre of gravity would be
lowered and also potentially mean more weight would be towards the front of the bike, again
helping with stability. It would also mean that the rider would be able to get on the throttle harder,
as the bike would be able to transfer more weight during the acceleration stages. This does mean
that there would be less weight over the rear, however with the Bucci not producing a lot of power

this isn’t as vital as the noticeable rear wheel slide will be negligible.

11
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