Gustav Kasanicky - Pavol Kohut - Johannes Priester

Analysis of single-track
vehicle accidents

: L -‘ el e ..
T o
¥ -
ki

il P




Contents

INErOUCHION ... e 3

1. Accident rate of single-track vehicles ..............ccocoiiiiiiiiiinies 7

1.1. The Statistic Survey of Traffic Accidents Involving Bicycles......... 10

2. Motorcycle deSign ...........ccociiiiiiiiiiiee s 15

2.1, ENGING oo 16

2.2, FUEI SYSTEM ..o e 21

2.3. Exhaust systems and exhaust silencers .........ccccooceriiiniiriennenns 22

2.4. Driving force transmission ..........cccccoceeeeienieereseese e see e 24

2.5, STArting dVICE ...oiiiiiieiiieiieee et 29

2.6. Front fork and motorcycle steering .......ccceeceeveeeveeeieesieeieeseens 30

2.7. Rear fork and suspension .........cccccevveereennnenn 35

2.8. Motorcycle braking systems 37

2.9, WHEEIS .. e 52

2.70. Frame ..o 55

B I R 1T =T PP ORI UPPPRRUR 60

3. Motorcycle Safety ... 73

3.1. Passive safety elements ... 73

3.2. Active safety elements ... 79

4. Mechanics of motion of single-track vehicles .............cccccoecvrinnnennne 83
4.1. Selected parameters of a single-track vehicle, definition

and influence on ride stability ......cccccoviiriiiiii i 83

4.2. Motorcycle instability and stability .......ccccoovviiiininiiieeee, 89

4.2.1. Non-stationary riding maneuVer ..........ccccvvereeenieeieenenens 90

4.2.2. Stability oo s 96

4.3. External forces acting on a single-track vehicle ........cccccceeeenneen. 128

4.4, Motorcycle COrNEriNg ....cocovioiiiriercree e 132

4.5. BicyCle COMMEIING ..ociiiiiieieeiiesie e 140

A.6. Braking .eeoceeeieeiieeiese e e e 140

4.7. Parameters of motion — values from driving tests .........cccccueneen. 152

4.7.1. Speed of a bicycle .....cocoeviviiiiiee e 152

4.7.2. Bicycle braking and lateral displacement 155

4.7.3. Motorcycle braking ..o, 158

4.7.4. Motorcycle lateral displacement 188

4.7.5. Motorcycle acceleration .......cccvceeviniiennienieesee e 194



Analysis of single-track vehicle accidents

5. Analysis of single-track vehicle accidents.............cccocevvieriiiiennennnnn, 201
5.1. Classification of motorcycle accidents .......cccccevvevenniviieenieenne 201
5.2. Phases of acCident .......ccccoiiiiiiirie e 201
5.3. Phases of motorcycle crash with a car ......cccccoeevveveeci e 202
5.4. Single-track vehicle accidents and their specifics .........ccccceeeenee 221

5.4.7. BICYCIES o 221
5.4.2. MOtOICYCIES ..ottt e 223
5.5. Reverse calculation methods .........ccccoviiiiiiiiiinccee 226
5.5.1. Finding motorcycle speed from skid marks ........cccccc....... 226
5.5.2. Finding the maximum speed for passing through
@ CUINVE ittt e e e e e e e e e e e e e e e e e e aeae e e e e nnnnnnnnnnnenes 227
5.5.3. Finding the minimum time duration of
a Motorcycle crash ......ccoviieeie i 234
5.5.4. Finding motorcycle speed from scratch marks ................ 237
5.5.5. Finding motorcycle impact speed for a crash into
AN 0bStACIE oo 251

5.5.6. Determining the impact speed of a single-track vehicle .. 255
5.5.7. Determining the impact speed of a vehicle crashing

into a single-track vehicle ......ccooooiiiiiiii e 256
5.5.8. Determining the impact speed from the spread

OF SPHNTEIS oot 264

5.5.9. Motorcycle crash tests — using data for determining
the impact speed ... 268
5.5.10.An example of motorcycle impact speed calculation ...... 278
5.6. Forward calculation methods ........cccccoviiiiiiniinii e 283
5.6.1. Crash models used for determining motorcycle motion .. 283
5.6.2. Multibody system .........cccceoiiiiiiiieiiie e 294
5.7. Parameters Of iNJUIY ...cccooiviiieie e e 306
5.7.1. Responses of human body to external shocks ................. 313
5.7.2. Selected mechanical properties of the human body ....... 314
6. Crash tests with single-track vehicles ........ccooovmrioiiinicicrccreeeee 323
6.1. Crash tests Zilina 1997 and Linz 1999 ........ccccoiiiiiiiinieeeeseeeeee 323
6.1.1. Technical eqUIPMENT.....cccciiiiiiiiee e 323
6.1.2. Description of the individual tests and test evaluations .. 333
6.1.2.7. TeSEINO. T e 333
6.1.2.2. TESEINO. 2 oot 338
6.1.2.3. TeStNO. 3 oo s 342

6.1.2.4. TeStNO. 4 ..o 346



Contents

6.1.3.
6.2. Crash
6.2.1.
6.2.2.

6.2.3.
6.2.4.

6.2.5.
7. Conclusion

Bibliography

6.1.2.5. Test NO. 5 oo 351
6.1.2.6. TEStNO. 6 cooeeereiieeeeeeteeeee e 355
6.1.2.7. TeStNO. 7 oo 359
6.1.2.8. TeStNO. 8 .o 364
6.1.2.9. TSt INO. 9 .o 370
6.1.2.10. TeSt NO. 10 .eeveeeeieeeeeeeeeeeeee s 378
0 0 I O 1 =T | T I 382
6.1.2.12. TEST NO. 12 et 386
6.1.2.13. TEST NO. 13 oo 391
6.1.2.14. Test NO. 14 ..o 396
6.1.2.15. Test NO. 15 e 401
6.1.2.16. TeSt NO. 16 oo 404
6.1.2.17. TeSt NO. 17 et 404
6.1.2.18. TSt NO. T oottt 410
6.1.2.19. TESt NO. 2 oot 415
6.1.2.20. TeSt NO. 3 .o 421
6.1.2.27. TESTNO. 4 ..o 426
6.1.2.22. TESENO. 5 oo 431
Evaluation of the crash test ........ccoooeeiiiiiiiicciiece 437
teStS BErlin oo 439
Technical equUIPMENt......cooiiiiiie e 439
Description and evaluation of the individual tests ......... 439
6.2.2.1. TeSTNO. T ettt 439
6.2.2.2. TEST NO. 2 ettt 444
6.2.2.3. TeST NO. 3 .o 448
6.2.2.4. TeSt NO. 4 .. 453
6.2.2.5. Test NO. 5. 456
Technical eqUIPMENT......cuiiiiiiiee e 461
Description and evaluation of the individual tests .......... 464
6.2.4.1. TeSTNO. T e 464
6.2.4.2. TESTNO. 2 et e 466
6.2.4.3. TESTNO. 3 .ot 469
6.2.4.4, TESTNO. 4 ..ottt 470
6.2.4.5. TeSt NO. 5 .t 472
6.2.4.6 TEST NO. B .uuuviiiiiriiiiiiiiieerer e 475
Evaluations of the crash tests.........ccccoecceeiiiieeciieecccieee 477
............................................................................................... 481
................................................................................................ 485

iii



Motorcycle safety

The operation of an airbag

Tab. 3.1-1.
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Vehicle returns back
Rear wheel, to the vertical position
J engine

flywheel

. The gyroscopic effect
turns the handlebars
to the right

Handlebars turn Y
to the right due to the tire (=
effect and the H and J

gyroscopic effects ) Tilting of the vehicle
is limited
K Front wheel is limite:

The gyroscopic effects of rotating masses Tab. 4.2.2-3
on a single-track vehicle in motion

We distinguish three forms of the engine flywheel rotation

Flywheel rotation corresponding to the wheel rotation

The gyroscopic effects of the rear wheel and the flywheel will mutually reinforce




Mechanics of motion of single-track vehicle

Flywheel rotation opposite to the wheel rotation

The gyroscopic effects of the rear wheel and the flywheel will mutually cancel

Flywheel rotation perpendicular to the longitudinal axes = the flywheel axis
is parallel to the longitudinal axes

Acceleration or deceleration of
the rotating masses of the engine
do not develop a gyroscopic
moment. The torque causes the
motorcycle to dive at the front or
lift at the back.

The gyroscopic effect of the inertial masses of the engine does not directly affect
steering of the vehicle. It only affects the magnitude of the reaction forces on the
front and rear wheels.

An example of calculation of the gyroscopic effect

A motorcycle with a 4-stroke, 2-cylinder, 500 cm? engine. Moment of inertia of
the inertial part J, = 0.03 kg m?, moment of inertia of the wheel J, = 0.62 km m?.
Torque of the engine n, = 6,000 min~'. Total transmission ratio to the rear
wheel i = 5: 1. The motorcycle moves in a circular path. Total time to complete
the path t =40 .

The magnitude of the gyroscopic moment of the inertial mass:

27 2
Mg, =J w, w,=0,03.—6000——

60 40 ~ > Nm-
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Fig. 5.3-8. Motorcycle frame
starts to deform (time t = 0,054 s
from the moment of first
contact).

Fig. 5.3-9. Maximum deformation
of the frame (time t = 0,068 s
from the moment of first
contact).

Fig. 5.3-10. Contact between the
dummy and the handlebars (time
t = 0,106 s from the moment of
first contact).
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| —— ) ———
The moment of the first contact t = 0,02 s since the moment
with vehicle t=0s of the first contact
—ET Eiaar
] Tt T

| —— ) ———
t = 0,04 s since the moment t = 0,06 s since the moment
of the first contact of the first contact
- I =T

t = 0,08 s since the moment t =0,10 s since the moment
of the first contact of the first contact
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Wheel track, front: 1435 mm
Wheel track, rear: 1412 mm
Mass: 1135 kg

Fig. 6.1.2.1-1. Position of the vehicles at the moment of first contact

Motion of the motorcycle and dummy

Start of the collision
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Fig. 6.1.2.1-2. First contact of the motorcycle with the car
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Start of the collision

Fig. 6.1.2.5-2. First contact of the motorcycle with the car

A frame from the high-speed camera (1000 frames/sec) shows the moment of
the first contact between the front wheel of the moped and the front part of
the car. The image shows a slight tilt of the moped to the left.

Start of the dummy’s contact with the car
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Fig. 6.1.2.5-3. First contact of the dummy with the car
(74 ms after the moment of first contact)
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Fig. 6.2.2.5-3 The supporting wheels Fig. 6.2.2.5-4 The supporting wheels
separated from the motorcycle reached the collision location after
before the collision. the main phase of crash

Fig. 6.2.2.5-5 Final position Fig. 6.2.2.5-6 Final location of the dummy





