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Comparison of Vibration Characteristics of Cargo Bikes on General Roads
and Bicycle Roads

Dong Yul Kim, Myenog Guk Yu, Heng Suk Lee, and Sang Min Kim*

Gyeongbuk Research Institute of Vehicle Embedded Technology

Abstract This paper analyzes the vibration characteristics within the cargo compartment of a three-wheeled cargo bike
when used on both regular roads and dedicated bicycle lanes. When cargo is loaded into the cargo compartment of a cargo
bike and driven on the road, the shocks and vibrations transmitted from the ground can potentially affect the transported goods
and even lead to product damage. As the vibration characteristics applied to the cargo compartment may vary depending on
the condition of the road, vibration sensors were attached to the cargo bike's cargo compartment for data collection during
operation on different road types. According to KS T ISO 13355 standards, the cargo bike can withstand vibrations within
the range of 10 Hz to 60 Hz when operating on both bicycle lanes and regular roads. However, it is observed that there are
peaks exceeding the profile in the frequency range of 3—6 Hz. In the 70-200 Hz range, the profile is exceeded on both regular
roads and bicycle lanes, with a tendency for higher exceedance on bicycle lanes. The Grms value within the frequency range
of KS T ISO 13355 is 5.926 m/s? (0.604 Grms). When operating on bicycle lanes with cargo, the Peak envelope optimization
PSD value is 6.553 Grms, while on bicycle lanes, it is 7.708 Grms, indicating a difference of at least tenfold.
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Fig. 1. Structure of a cargo bike.

Fig. 3. Installation of the accelerometer sensor.

Table 1. Accelerometer specifications

Model S4-E25D40(enDAQ)

Type Digital capacitive

Size 76.2 x29.8 x 18.3 (mm)

Weight 65 (g)

Range + 40 (g)

Sampling Rate 4,000 (Hz)

Bandwidth 0 to 300 Hz (Hz)

Noise <0.01 (Grms)
Resolution 0.00008 (g)
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Fig. 4. General road driving course.

Fig. 5. Bike path driving course.
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Table 2. Spectral density

Frequency (Hz) Level (g%/Hz) Slope (dB/oct.)

2 0.0005 -

4 - +13.75
4-18 0.012 -
1840 - -9.34

40 0.001 -
40-200 - -1.29

200 0.0005 -
o1 S
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0.00001

Fig. 6. PSD Profile.
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Fig. 7 Comparison of vibration profiles of bicycle roads
and general roads.
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