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BACKGROUND

Micromobility Vehicles such as Electronic
Limited use Motorcycles/Mopeds, E-Bikes, and
electronic scooters are becoming more and more
popular and it follows that there are now many more
accidents involving these types of vehicles. Many
occur at speeds less than 20 mph. Although many
of the machines, especially the limited use motor-
cycles, are street legal and can be registered, many
are not. Their range, ease of charging, lack of need-
ing fuel, relatively simple mechanical construction,
abilty to carry a passenger, ease of parking, ease of
storage, ability to navigate in tight spaces, abilty to
register as street legal, and relatively low price as
compared to other legal forms of transportation are
reasons these vehicles are so popular.

Injuries caused by electric scooters are
an emerging phenomenon, despite existing reg-
ulations. There are many studies that analyzed
the injuries sustained in these accidents. [Ref.
1-3] When these vehicles collide with cars and
trucks, the injuries are often life-threatening or
fatal. Most injuries in such accidents are severe
and preventable.

Investigation of accidents involving light
vehicles can be tricky. Even determining which
laws apply to an incident may not be clear cut.
For example, researching between the Laws of
the State of New York and the Laws of the City
of New York, reveals a lack of organization rela-
tive to classifications, definitions, and laws. [Ref.

Figure 1. Fly-7 Electric Limited Use Motorcycle
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4] As you spread out the conversation about these
vehicles across the country, abroad, across various
governmental agencies and user groups, the confu-
sion in terminology increases appreciably.

Many start-up companies manufacturing
these Limited Electric Motorcycles and micromo-
bility vehicles that are not certified, have no VIN,
oftan are illegal to drive on the road. Some of these
vehicles are homemade and do not even come with
an owners manual.

Visibility, braking, riding location, and lack
of safety in many urban areas are potential prob-
lems with these vehicles since they are often driv-
en in between stopped and slow moving traffic,
sometimes by children. A common accident sce-
nario is when one of these vehicles is approaching
a red traffic signal passing in between rows of oth-
er vehicles stopped for the traffic signal. In addi-
tion, many of these vehicles are not street legal and
are not something motorists are expecting to en-
counter. Conspicuity issues with these small-pro-
file vehicles also come into play.

With many of these accidents occuring
at low speed, there is the need to conduct lower
speed testing of effective braking drag factors as
well as acceleration factors in reconstructing the
vehicle dynamics of a case. Unfortunately, there
is very little information on these parameters with
regard to these vehicles.

The purpose of this article is to share data
from recently conducted braking and acceleration
tests of these small vehicles.

TEST METHODOLOGY

The main vehicle utilized in the test-
ing was a Fly-7 Electric Limited Use Motor-
cycle with no modifications. This particular
type of vehicle has a 1500 watt brushless
electric motor and is historically described
more as a Moped. This, along with stand-up
e-scooters are two of the most popular types
of micromobility vehicles readily seen on
urban streets. The stand-up E-Scooters are
commonly operated by children.

This Fly-7 vehicle had disc brakes
front and rear. Brakes were hand operat-
ed, one on each handlebar. It also had rear
foot pegs for a rear passenger, a maximum
payload capacity of 350lbs, a maximum
speed of 30mph, 10X3” new tires, and can
be purchased with lead-acid or lithium ion
batteries. The vehicle was weighed with a
EZ Weigh Scale and found it to be 166lbs.
The unit had 3 gears to choose from when
riding.

This vehicle also is street legal and
had brakes lights, directionals, rear view
mirrors, and crash bars all around. Its range
is approx. 20-25 miles with a 60V/20Ah
Lead-acid battery, 55-65 miles with a
60V/50Ah Lithium-ion battery, and approx.
60-70 miles with a 60V/55AH Lithium-ion
battery. The vehicle is shown in Figure 1.

Other light vehicles brake tested were
the Jetson LX-10 E-Scooter (Figure 2) and
the 2019 CanAm 70cc ATV (Figure 3).

For comparative purposes, addition-
al hard braking tests were performed on a

Figure 2. Exemplar Jetson LX-10 E-Scooter
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2023 GMC Sierra (Figure 4), a 2018 Jeep
Wrangler (Figure 5) and a 2016 EZ-GO S4
golf cart (Figure 0).

All of the vehicles tested had excel-
lent tires and brakes.

The tests were conducted on a dry,
straight, and level semi-polished blacktop
driveway, a dry and level straight gravel
road, and a dry level straight grass field lo-
cated at Collison Research Ltd. in Tillson,
New York.

In addition, six maximum acceler-

Figure 3. Exemplar 2019 CanAm 70cc ATV

Figure 5. Exemplar 2018 Jeep Wrangler

ation tests were conducted on Fly-7. The
tests were conducted on the level paved sur-
face and three riders operated the vehicle on
different runs.

Four test drivers volunteered to assist
in the data generation. Test Driver #1 was
4°4” tall and weighed 110lbs. Test Driver
#2 was 5°3” tall and weighed 170bs. Test
Driver #3 was 5°8” tall and weighed 1601bs,
and Test Driver #4 was 5°9” and weighed
350lbs. The author operated the vehicles
during the Wrangler and Sierra tests.
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A Vericom VC3000 accelerometer to
analyze the acceleration and braking ca-
pabilities of the vehicles tested: The min-
ute details and parameters that go with the
Vericom VC3000 will not be addressed here
since most readers here are pretty much fa-
miliar with these units.

A Bushnell Radar Gun Model

#101911 was utilized to corroborate the
speed numbers generated by the Vericom
unit.

Figure 7. Paved Test Surface.

S

Figure 8. Test Rider on Grass Surface
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TABLE 1. Individual Braking Test Results
Test . Veh./Rider . Speed | Avg. | Peak | Meas. | Test
No. | Yehicle | weight by | Braking (lflph) g'f g's | Device | Surface
1 Fly-7 166/170 Both@100% | 959 | 45 | .68 | vC3000 | Paved
2 Fly-7 166/170 Both@100% | 108 | 49 | 99 [ vc3000 | Paved
3 Fly-7 166/170 Both@ 100% | 117 | 41 68 | vC3000 | Paved
4 Fly-7 166/170 Both@100% | 103 | 38 | .55 | vc3000 | Paved
5 Fly-7 166/170 Both@ 100% | 13 48 | 89 [ vc3000 | Paved
6 Fly-7 166/170 Rear@100% | 113 | 23 | 42 [ vC3000 | Gravel
7 Fly-7 166/170 Rear@100% | 124 | 33 | 65 | VvC3000 | Gravel
8 Fly-7 166/170 Rear @ 100% | 9.0 2. | 51 | vc3000 | Grass
9 Fly-7 166/170 Rear @100% | 106 | 22 | .52 | vC3000 | Grass
10 Fly-7 166/170 Rear@100% | 109 | 37 | 57 | VvC3000 | Paved
11 Fly-7 166/170 Rear @ 100% | 9.0 21 51| vC3000 | Grass
12 Fly-7 166/170 Rear@100% | 106 | 22 | .52 | vC3000 | Grass
13 Fly-7 166/170 Rear @ 100% | 113 23 | 42 | vc3000 | Gravel
14 Fly-7 166/170 Rear@100% | 124 | 33 [ .65 | vc3000 | Gravel
15 Fly-7 166/170 Rear@100% | 125 | 38 | .70 | VC3000 | Gravel
16 Fly-7 166/170 Rear@100% | 117 | 37 | .54 [ vC3000 | Paved
17 Fly-7 166/170 Rear @ 100% | 128 | 38 | .53 [ vC3000 | Paved
18 Fly-7 166/170 Rear @ 100% | 147 | 36 | .61 [ VvC3000 | Paved
19 Fly-7 166/170 Both@ 100% | 9.9 44 | 66 [ vc3000 | Paved
20 Fly-7 166/170 Both@100% | 959 | 45 | .68 | vC3000 | Paved
21 Fly-7 166/170 Both@100% | 126 | 46 | .65 | vC3000 | Paved
22 Fly-7 166/170 Both@ 100% | 1545 | 45 | 85 | vC3000 | Paved
23 Fly-7 166/170 Both@100% | 127 | 54 | 86 | vC3000 | Paved
24 Fly-7 166/110 Rear @ 100% | 836 | 28 | .63 | VC3000 | Grass
25 Fly-7 166/110 Rear @ 100% 9.1 .26 .60 VC3000 Grass
26 Fly-7 166/110 Rear@100% | 117 | 23 | 45 | vC3000 | Gravel
27 Fly-7 166/110 Rear@100% | 100 | 32 | .57 [ vc3000 | Paved
28 Fly-7 166/110 Rear@100% | 119 | 32 | .54 [ Vvc3000 | Paved
29 Fly-7 166/110 Front@80% | 1286 | 35 | .51 | vC3000 [ Paved
30 Fly-7 166/110 Front@80% | 1621 | 63 | 98 | VvC3000 | Gravel
31 Fly-7 166/110 Front @80% | 638 61 99 | vc3000 | Gravel
32 Fly-7 166/350 Front@80% | 107 | 27 | .51 | vc3000 | Gravel
33 Fly-7 166/350 Both@100% | 102 | 35 | .61 | vC3000 | Gravel
34 Fly-7 166/350 Both@100% | 108 | .49 10| VC3000 | Gravel
35 Fly-7 166/350 Both@ 100% | 117 | .41 68 | vC3000 | Paved
36 Fly-7 166/350 Both@100% | 13.0 | 48 | 89 [ vC3000 | Paved
37 Fly-7 166/350 Front@80% | 105 | 33 | .56 | VvC3000 | Gravel
38 Fly-7 166/350 Front@80% | 120 | 38 | 61 | VvC3000 [ Gravel
39 Fly-7 166/350 Front @ 80% | 12.1 36 6 | vC3000 [ Paved
40 | Golf Cart 1101/390 Al@100% | 1337 | 21 34 | vc3000 | Paved
41 | Golf Cart 1101/390 Al@100% | 163 | 22 | 35 | vc3000 | Paved
42 | Golf Cart 1101/390 Al@100% | 193 | 25 | 34 [ vc3000 | Paved
43 | Golf Cart 1101/390 Al@100% | 212 | 20 | 31 [ vc3000 | Paved
44 ATV 290/110 Al@100% | 155 | 34 | 49 [ vc3000 | Paved
45 ATV 290/110 Rear 1027 | 18 | 50 | VC3000 [ Paved
46 ATV 290/110 Front 143 | 25 | 48 | vC3000 | Paved
47 ATV 290/170 Al@100% | 150 | 20 | 52 | VC3000 [ Paved
48 ATV 290/170 Rear 17 25 51 | vc3000 [ Paved

Figure 9. Sighting device.
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RESULTS

A total of 39 hard braking tests were con-
ducted on the Fly-7. Tests were conducted with
both brakes fully applied and with only the
front or rear brakes applied. Twenty-five tests
were conducted on the paved surface, with
initial test speeds ranging from 9.59 to 15.45
mph. Thirteen braking tests were conducted
on the gravel surface, with initial test speeds
ranging from 11.3 to 16.21 mph. Six braking
tests were conducted on the grass surface, with
initial test speeds ranging from 8.36 to 10.6
mph.

A total of 11 full braking tests were con-
ducted with the Jeep Wrangler. Three tests
were conducted on the paved surface, with ini-
tial test speeds ranging from 15.4 to 26.1 mph.
Three tests were conducted on the gravel sur-
face, with initial test speeds ranging from 17.3
to 24.9 mph. Five braking tests were conduct-
ed on the grass surface, with initial test speeds
ranging from 7.3 to 34.7 mph.

Additional hard braking tests were con-
ducted on the paved surface. Three were con-
ducted on the Sierra pickup, four on the EZ-
GO golf cart, five on the Jetson E-scooter, and
six on the Can Am ATV.

Table 1 presents the complete list of
braking test runs and the resultant data.

In addition, six standing start maxi-
mum acceleration tests were performed on
the Fly-7. The results of these tests are pre-
sented in Table 2.

DISCUSSION

As is typical with two-wheel vehicles,
the test riders observed stability issues with
front wheel only braking tests. It is also
worthy to note that the smaller wheels of the
Fly-7 and the Jetson made braking with the
front brake only that much more difficult.
Thus most of the front brake only tests were
conducted just below full brake application
and front wheel lockup.

The average drag factors observed for
the Fly-7 were somewhat lower than the
resulting average drag factors observed by
Phan et al, [Ref. 5] in which a BMW C-Evo-
lution and a Harley-Davidson Livewire were
subjected to test runs of approximately 40
mph. The lower observed drag factors here
are not surprising since at low speeds the ful-
ly applied brakes often don't reach full force
before the test vehicle stops.

The author took advantage of the op-
portunity add a few data points to the limit-
ed research on four-wheel vehicles braking
on a gravel road surface. Three tests of the
Jeep conducted between 17.3 and 24.9 mph
yielded an average deceleration of 0.44 g.
This compares to a Canadian study [Ref. 6]
in which a Mazda CXS5 generated an average



0.57 g. Test speeds were between 12 and 36 .

Sl T Tk s o e Bl TABLE 1. Individual Braking Test Results (continued)

[Ref. 7] at speeds of 20 to 26 mph resulted 1n Test Vehicle Veh./Rider Brakin Speed | Avg. | Peak | Meas. Test
an average level drag factor of 0.52. No. Weight (1b) g (mph) | g's g's | Device | Surface
= 49 ATV 2001170 Front 13 22 40 | VC3000 | Paved
D T 50 Jetson 200/110 Rear @ 100% 68 15 19 | VC3000 | Paved

The author would like to express his 51 Jetson 200/110 Rear @ 100% 10.87 10 70 | VC3000 | Paved
appreciation to ftest niders Liam Miller, 52 Jetson 200/110 Rear @ 100% 1250 2 61 | VC3000 | Paved
Christina Hermance, Mm’ellen Costa. and 53 TJetson 200/110 Rﬂf@lw% 8925 28 62 VC3000 Paved
Allen VanLeuven.

N 54 | Jetson 200110 | Rewr@100% | 920 | 17 | 30 | VC3000 | Paved
REFERENCES Tfst Vehicle Pt Braking Speed A‘:g. Pe.ak Me:lls. Test
No. (mph) | g's | g's | Device | Surface

1. Alexandre Coelho. er al. Elec- |™55 1 yrangler RH au@10% | 73 | 37 | 52 [vc3o00 | Grass

tric Scooter-Related Injuries: A New :
Epidemic 1n Orthopedics. Jowrnal of - e = el = - & i hctincl] [t
Clinical Medicine, 2021. www.mdpi. 57 | Wrangler RH All @ 100% 173 45 59 | VC3000 | Gravel
com/2077-0383/10/15/3283 (Accessed July 58 Wrangler RH All@ 100% 20.7 49 61 VC3000 | Paved
12, 2024). - . 59 | Wrangler RH An@i0% | 21 | 46 | 55 [ vc3oo0 | Gravel

2. Nma D. Fisher, Electric scooter mnju- .
ries: Incidence and injury patterns at a level = £ = A i = = L
I trauma center, Chinese Journal of Trauma- 61 | Wrangler RH All @ 100% 249 40 69 | VC3000 | Gravel
fology, 2023. www.ncbinlm nih gov/pme/ 62 | Wrangler RH All @ 100% 26.1 51 79 | VC3000 | Paved
articles/PMC10755772/ (Accessed July 12, 63 Wrangler RH AlL@ 100% 284 4 00 VC3000 | Grass
2024). - - - -

3. James Tak, Micromobilily Prod- 64 | Wrangler RH All@ 100% 347 41 73 | VC3000 | Grass
ucts-Related Deaths. Injuries, and Hazard 65 | Wrangler RH All@ 100% 154 49 49 | VC3000 | Paved
Patterns: 2017-2022. U.S. Consumer Product 66 | SIERRA RH All @ 100% 218 59 75 | VC3000 | Paved
Safet}’ Commussion. Directorate for Epldellll* 67 SIERRA RH All @ 100% 278 60 8 VC3000 Paved
ology, Division of Hazard Analysis, 2023. = == T 23‘2 -69 -81 == e

4. State of New York. Vehicle and Traf- @ - - -
fic Law, Section 125, 2024.

5. Chris Phan, et al, Electric Motorcy- TABLE 2. Individual Acceleration Test Results
Fle ACCEI"’_“’O“- Braking, and Regenerative Test Veh Driver | Accelera- | Speed | Dist. (ft)/ | Avg. | Meas. Test
i Decelimmm Tesm_lg _imd s No. | Wt. (Ib) | tion Level | (mph) | Time (sec) | g's | Device | Surface
ysis, SAE paper 2023-01-0631, 2023 = - — — — —r el ol

6. Mark Paquet, Motorcycle and SUV Fly- i : '

Braking on a Gravel Road. Accident Recon- 70 | Fly-7 350 100% 281 100/53 22 VC3000 | Paved
struction Journal, March/Apnil 2024. 71 | Fiy-7 110 100% 303 200/6.1 Ex) VC3000 Paved

7. Bill Martin, SUV Braking Tests on Paved
a Dirt/Gravel Road Surface, Accident Recon- B2 ol 5 Jan s T = b
struction Journal, January/February 2013. 3 | Fy7 170 100% 293 100/47 28 V3000 Paved

# = = 74 | Fly-7 170 100% 205 100/4.7 28 VC3000 Paved
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