Investigation of Brake Deceleration of Electric Scooter
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Over the past few years, the use of electric scooters has increased significantly. According
to the latest data, there are about 100,000 electric scooters in Bulgaria. Accidents with this
type of vehicle are constantly increasing, with serious accidents for the first half of 2025.
are about 470, of which 8 are fatal [7]. This article presents a study showing the possibilities
for effective braking of the described vehicles. The maximum braking deceleration, average
braking deceleration, braking distance and other specific .

Experimental Apparatus
Braking deceleration can be experimentally determined using several approaches

- Accelerometer method (g-test): The negative acceleration is measured using an
inertial transducer. This method requires specialized and expensive equipment, which
makes it difficult to apply in individual traffic accident cases.

- Fifth wheel method: A specially designed device — a fifth wheel — is attached to the
vehicle to measure the distance traveled. By differentiating the distance—time relationship,
the speed and acceleration of the bicycle can be obtained. The method is difficult to apply in
practice due to the inconvenience of mounting the mechanism on the bicycles under
investigation.

- Braking time
measurement: The braking time
is measured from the moment the
braking system is activated until
the bicycle comes to a stop,
while speed is recorded using a
radar device. This method is
inaccurate and may lead to
significant measurement errors.

For the braking parameter
investigations, a device equipped
with an accelerometer and
suitable for mounting on the
tested electric bicycles was used.

Fig. 1. Apparatus

The studies were carried out on a dry, horizontal road section, new asphalt, without bumps
and undergrowth.

Options for braking with front brake, rear brake and both at the same time have been
explored.

Tables 2 and 3 present the experimental results obtained at a speed of 30 km/h and the
arithmetic mean values of the investigated parameters during the braking process.

TABLEII. EXPERIMENTAL DATA AT 30RM/H

TABLE IIL AGGREGATED DATA
S Hagley Maxi | Xiaopi MiM365 irin G2 Max | Average | Average |, oo
st | gose 2 | raee | veset | rost2| raee | pest1 | o2 | race | | Electric ulmi_' aL valueat value
m:] 492 | 360 [ 426 | 453 | 415 | 434 | 435 | 420 | 428 SCO0TeX. -Ok;:;m 30“:;"]
/52 4, 42 4,34
m 393 (233 313|215 | 1,78 | 197 | 320 | 3,05 | 3,13 2o Jv7) 232 574 233
mﬂﬂ& %I::‘I;h] 31,50 | 30,10 30,80 | 26,60 | 31,20 | 30,40 | 31,20 | 30,15 | 30,68 m e [V5°] 2‘; 1 3“(; 63 25“72
olle T J h \ ] s
st | o | 575 | 536 | 856 | 322 | 867 | 844 | 867 | 838 | 852 brake, Yo lg/h) " =
e Luiwe 778 | 971 | 875 | 746 | 9,05 | 826 | 863 | 8.35 i Vo fmis] %18 = et
fi ) 740 | 945 | 826 | 303') 835 | B 3.87 850 6.19
Essu 21,50 [ 22,10 | 21,80 | 22,35 24,10| 23,23 | 19,30 | 25,12 | 22,21 Lm [m] - = -
@ | 2050]2200| 21,80 | 2235| 2410 2323| 19,30 | 25,12 | 22,2 > .,
B, 621 | 612 | 6,17 | 583 | 545 | 564 | 465 | 5,13 | 4,89 Faa 1 16Y83 2”41 19’6-
[m/s”] ' ’ i : L e [m/57] 4.86 5,57 5.21
m 402 | 480 | 486 | 302 | 258 | 2,80 | 3,10 | 3,85 | 348 - 267 371 310
B&a{ Yew 2970 | 3 L] 2 10 53 | 292 20 65 . [ﬂlS] - - .

; Han ] 29,20 | 30,60 | 29,90 | 28,88 [ 26,52 | 29,20 [ 29,65 | 31,60 | 30,63 Rear Ve [kehl 20,44 2001 2517
ros g Naan f » > 2
astia: | Yee | 511|350 | 8 | 302 | 820 [ 81| 824 | 878 | 831 brake, [ _ 568 831 6.99

tion - = activation | Vi [m/s] : -
s | 530 | 590 | 560 | 551 535 | 543 | 729 [ 7.51 | 740 Lo fm) 338 614 4,76
%\’.‘]’“ 15,60 | 23,40 19,50 | 18,18 | 26,94 | 22,56 | 3521 | 31,69 | 33,45 F ] ™ 1002 2517 22‘09

e [ 1 25,
m o | 710 | 725 | 708 673 [ 745 | 7,09 | 6,90 | 6,15 | 653 e [/ 6,25 6,93 6,59
f-':?“s"]‘ 505 | 520 | 513 | 520 | 600 | 560 | 560 | 4,80 | 520 Snamad A1 4,84 531 5,08

Activas | ¥ | 3150 | 32,30 | 3190 | 32,00 | 3022 anm1 | 32,25 2 s 5

m D:mh! 3150 (3 90 | 32, 32,25129.60 | 30,93 Activation Voo [kr/h] 20,52 31,31 25,92
brakes | | 875 | 897 | 896 | 399 | 839 | 864 | 896 | 822 | 859 | | allbuakes Vi 0] 5,70 8,70 7.20
I[aﬁ 539 | 555 | 547|587 | 473 | 530 | 582 | 550 | 5.66 Laga [m] 2,01 548 4,19
g.[;:,']“‘ 20,90 | 25,10 23,00 | 22,00 | 26,30 [ 24,15 | 22,10 | 25,38 | 23,74 Fru: I-N-l 22.69 23,63 23,16

For an electric scooter when braking from a speed of 20km/h with front brake, the
maximum braking deceleration is 4.38m/s2, when braking with rear brake, the maximum
braking deceleration is 4.86m/s2, when braking with both brakes applied, the maximum
braking deceleration is 6.25m/s2.

When braking from a speed of 30 km/h with the front brake, the maximum braking
deceleration is 4,29m/s2, when braking with rear brake, the maximum braking
deceleration is 5,57 m/s2, when braking with both brakes applied, the maximum braking
deceleration is 6,93m/s2.

The average maximum braking deceleration for an electric scooter when braking with
front brake is 4,34m/s2, when braking with rear braking, the maximum average braking
deceleration is 5,21m/s2, when braking with both brakes applied, the average maximum
braking deceleration is 6,59m/s2.
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