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Study on the Dynamic Load Monitoring Using the Instrumented Vehicle
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ABSTRACT

The axle weight of a vehicle in motion can be measured with a low-speed or high-speed weigh-in-motion (WIM). However,
the axial load dynamically change depending on the vehicle’s characteristics-such as the chassis or axle structure-or the characteristics
of the driving environment such as road flatness. The changes in dynamic load lead to differences between the vehicle’s weight
measured at rest and the vehicle’s weight measured in motion. For this Study, an experiment was conducted with an instrumented
vehicle to analyze the range of errors caused by uncontrollable environmental factors by identifying the characteristics of the dynamic
load changes of a vehicle in motion, and determine the appropriate scale for the accuracy evaluation of a high-speed WIM, as
a preparatory research for the introduction of unmanned overweight enforcement systems in the future. The key findings from
the experiment are summarized as follows. First, The gross weight of the tested vehicle changed by approximately 1% at low
velocities and approximately by 4% at high velocities, and the vehicle’s axle weight changed by approximately 1-3%, at low
velocities and by 2-9% at high velocities. A single axle showed larger weight changes than individual axles in a group. Secondly,
The vehicle’s gross weight and the axle weight on the impact section were up to eight times and three-to-twelve times higher,
respectively, than its gross weight and the axle weight on the flat section. The vibration frequency of the vehicle’s dynamic load
was measured at between 2.4 and 5.8Hz, and found to return to the normal amplitude after moving approximately 30 meters.

Key words : Truck, Dynamic Load, Overweight Enforcement, High-Speed Weigh-In-Motion(WIM)
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o71A, F,,..; - dynamic wheel load on the axle
F

shear

: shear force on the axle at the train

gauge

a : acceleration experienced by the mass
outboard of the strain gauge

m  mass outboard of the strain gauge
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(Table 1) Install dynamic load measurement system on test vehicle

No. Equipment Qty

Install point Picture

@ | Full-bridge type strain gauge 32ea

Attached on leaf spring suspension for each wheel

@ 3-axis accelerometer 2ea Mounted on each frame of axle
® Photo sensor 2ea Mounted on side arm of 2,3 axle
@ Data Logger & GPS Iset Fixed with a portable power supply
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(Table 2) Field Test case
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Test vehicle reference weight [kg]

Gross 1 axle 2 axle 3 axle 4 axle
40,450 7,250 8,550 12,350 12,300
Run case / Lane [times]
10knyh | 20kmyh | 30kmyh | 40kmyh | SOkmyh | 60kmyh | 70kmyh | 80kmyh | 90km/h
1 1 1 1 1 1 1 1 1

Sum 18 times = 9 times x 2 Lane
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(Table 3) OBD weight variation and acceleration results
. On Board Scale - Normal zone
. Acceleration o —
Lane | Velocity Gross weight variation
2axle 3axle Maximum Minimum Central Amplitude
[1/2] [lkmy/h] [gal] [gal] [kg] [%] [kg] [%] [kg] [%] [kg] [%]
11.0 021 027 41071 1.5 40701 0.6 40886 1.1 185 0.5
26.6 0.45 0.54 41410 2.4 40837 1.0 41124 1.7 287 0.7
359 0.70 0.65 41169 1.8 40571 0.3 40870 1.0 299 0.7
42.6 0.88 0.74 41372 23 40902 1.1 41137 1.7 235 0.6
1 535 2.17 0.84 41601 2.8 41062 1.5 41332 22 270 0.7
63.5 1.25 1.23 41733 32 41046 L5 41390 23 344 0.8
74.0 1.02 121 42037 39 41082 1.6 41560 2.7 478 1.2
81.2 0.85 1.56 42556 52 41314 2.1 41935 3.7 621 1.5
922 1.66 1.90 42251 45 41666 30 41959 37 293 0.7
139 0.25 0.20 41584 2.8 41169 1.8 41377 23 208 0.5
22.0 0.25 0.25 41432 2.4 41273 20 41353 22 80 0.2
34.6 0.46 0.75 41414 2.4 41261 20 41338 22 77 0.2
423 0.62 0.72 41617 29 41410 24 41514 2.6 104 03
2 525 1.87 0.88 41936 37 41579 2.8 41758 32 179 0.4
63.2 1.47 0.77 41603 29 41384 23 41494 2.6 110 0.3
722 1.31 1.62 41930 3.7 41596 2.8 41763 32 167 0.4
80.3 1.73 1.85 41646 30 41448 2.5 41547 2.7 99 0.2
922 0.95 1.24 41274 2.0 41210 1.9 41242 2.0 32 0.1
(Table 4) Dynamic gross weight variation results
Dynamic Gross weight variation
Lane | Velocity Normal zone Impact zone
Maximum Minimum Amplitude | Freq | Maximum Minimum Amplitude | Convergence
[1/2] | [km/h] kgl | [%] Lkgl [%] | [kgl | [%] | [Hz] | [kgl | [%] | [kgl [%] | [kgl | [%] [m]
11.0 40913 1.1 40158 -0.7 378 0.9 3.84 | 41092 1.6 39840 -1.5 626 1.5 -
26.6 40759 0.8 40476 0.1 142 0.3 3.84 | 41804 | 33 39447 2.5 1179 29 20
359 40867 1.0 40170 -0.7 349 0.9 384 | 42174 | 43 38981 -3.6 1597 39 15
42.6 41302 2.1 40068 -0.9 617 1.5 384 | 42256 | 45 39133 -3.3 1562 39 20
1 535 41108 1.6 40247 -0.5 431 1.1 3.84 | 42254 | 45 39385 2.6 1435 35 25
63.5 41640 29 39655 2.0 993 2.5 2.88 | 42254 | 45 39255 -3.0 1500 37 20
74.0 41674 30 39915 -1.3 880 22 384 | 43962 | 8.7 38102 -5.8 2930 72 25
81.2 41825 34 39689 -1.9 | 1068 | 2.6 246 | 44855 | 109 | 37407 -1.5 3724 9.2 25
922 41719 3.1 39186 -3.1 | 1267 31 244 | 43911 8.6 37839 -6.5 3036 7.5 30
139 41000 14 40676 0.6 162 0.4 3.84 41269 2.0 40360 -02 455 1.1 -
220 40802 0.9 40567 0.3 118 0.3 3.84 | 41192 1.8 40229 -0.5 482 12 10
34.6 40888 1.1 40496 0.1 196 0.5 3.84 | 42011 39 39440 2.5 1286 32 15
423 41085 1.6 40428 -0.1 329 0.8 3.84 41859 35 39322 2.8 1269 3.1 25
2 525 41230 1.9 40436 0.0 397 1.0 3.84 | 41842 | 34 39765 -1.7 1039 2.6 25
63.2 41612 29 39950 -1.2 831 2.1 3.84 | 41798 33 39204 -3.1 1297 32 20
722 41374 2.3 40095 -0.9 640 1.6 384 | 43484 | 75 38145 -5.7 2670 6.6 30
80.3 41599 2.8 39846 -1.5 877 22 576 | 44306 | 9.5 37550 <72 3378 84 30
922 41663 3.0 40441 0.0 611 1.5 576 | 43918 8.6 37398 -15 3260 8.1 30
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(Table 5) Dynamic single axle weight variation results

dynamic axle weight variation - 1 axle dynamic axle weight variation - 2 axle

Lane | Velocity Normal zone Impact zone Normal zone Impact zone
Maximum Minimum Amplitude | Amplitude | Maximum Minimum Amplitude Amplitude

021 | ol | kgl 1% ] kgl | %1 | el | 1%] | gl [ 1%1 | el | 1%1] kel | 1%1] kel | (%) | kel | [%]
11.0 7268 0.2 7251 0.0 9 0.1 103 14 8579 0.3 8494 -0.7 43 0.5 141 1.6
26.6 7345 13 7300 0.7 23 0.3 145 2.0 8646 1.1 8557 0.1 45 0.5 146 1.7
359 7304 0.7 7267 0.2 19 0.3 163 22 8597 0.5 8495 -0.6 51 0.6 194 23
426 7327 1.1 7279 04 24 0.3 176 24 8619 0.8 8524 -0.3 48 0.6 169 2.0
1 535 7398 20 7320 1.0 39 0.5 378 52 8673 14 8541 -0.1 66 0.8 161 19
63.5 7313 0.9 7179 -1.0 67 0.9 507 7.0 8692 1.7 8518 04 87 1.0 212 25
74.0 7348 14 7241 -0.1 54 0.7 523 72 8712 19 8548 0.0 82 1.0 263 3.1
81.2 7395 20 7230 -0.3 83 1.1 568 7.8 8732 2.1 8555 0.1 89 1.0 262 3.1
922 7351 14 7234 -0.2 59 0.8 383 53 8768 25 8575 0.3 97 1.1 339 4.0
139 7394 20 7347 1.3 24 0.3 36 0.5 8706 1.8 8623 0.9 42 0.5 141 1.6
22.0 7331 1.1 7291 0.6 20 0.3 136 1.9 8684 1.6 8604 0.6 40 0.5 142 1.7
34.6 7376 1.7 7328 1.1 24 0.3 112 15 8677 15 8577 0.3 50 0.6 105 12
423 7358 15 7312 0.9 23 0.3 125 1.7 8707 1.8 8597 0.5 55 0.6 128 15
2 525 7446 2.7 7380 1.8 33 0.5 201 2.8 8770 2.6 8617 0.8 77 0.9 120 14
63.2 7366 1.6 7254 0.1 56 0.8 374 52 8742 22 8540 -0.1 101 12 132 15
722 7431 25 7288 0.5 72 1.0 443 6.1 8711 19 8559 0.1 76 0.9 180 2.1
80.3 7451 2.8 7223 04 114 1.6 443 6.1 8729 2.1 8539 -0.1 95 1.1 225 2.6
922 7483 32 7277 04 103 14 477 6.6 8852 35 8585 04 134 1.6 304 3.6

(Table 6) Dynamic group axle weight variation results

dynamic axle weight variation - 3 axle dynamic axle weight variation - 4 axle

Lane | Velocity Normal zone Impact zone Normal zone Impact zone
Maximum Minimum Amplitude | Amplitude Maximum Minimum Amplitude Amplitude
[12] | [kmm] | [kgl | [%]| [kg]l | [%] | [kgl | [%] | [kg] | [%] | [kgl | [%]| [kgl | [%] | [kgl | [%] | [kg] | [%]
11.0 12598 | 2.0 12119 | -19 | 240 1.9 288 23 12684 | 3.1 12035 | 2.2 325 2.6 288 23
26.6 12564 1.7 12250 | -0.8 157 1.3 523 42 | 12517 | 1.8 12193 | -09 162 13 584 4.7
359 12711 29 12152 -1.6 280 23 823 6.7 12587 | 2.3 12084 | -1.8 252 2.0 755 6.1
42.6 12637 | 23 12033 -2.6 | 302 2.4 767 6.2 12664 | 3.0 11937 | -3.0 | 364 30 771 6.3
1 535 12821 38 11914 | -35 454 37 765 6.2 12889 | 4.8 11898 | -3.3 | 496 40 749 6.1
63.5 12980 5.1 11835 -4.2 573 4.6 965 7.8 12918 | 5.0 11710 | 4.8 604 49 917 7.5
74.0 13231 7.1 11616 | -59 808 6.5 | 1301 | 105 | 13329 | 84 11457 | -6.9 936 7.6 1546 | 12.6
812 13450 | 89 11741 -49 855 69 | 1815 | 147 | 13456 | 94 11624 | -55 916 74 1909 | 155
922 13126 | 6.3 11677 | 54 | 725 59 | 1450 | 11.7 | 13197 | 7.3 11563 | -6.0 | 817 6.6 1607 | 13.1
139 12578 1.8 12277 -0.6 151 12 214 1.7 12545 | 2.0 12231 | -0.6 157 1.3 246 2.0
220 12489 1.1 12334 | -0.1 78 0.6 281 23 12416 | 09 12213 | -0.7 102 0.8 196 1.6
34.6 12586 1.9 12244 | -09 171 1.4 607 49 | 12508 | 1.7 12129 | -14 190 15 627 5.1

423 12693 | 2.8 12088 | -2.1 303 2.4 591 48 | 12658 | 29 12008 | 24 | 325 2.6 650 53

2 52.5 12855 | 4.1 11948 | -33 | 454 37 538 44 | 12847 | 44 | 11802 | -40 | 523 42 577 4.7

63.2 12896 | 4.4 | 11992 | -29 | 452 3.7 826 | 6.7 | 12847 | 44 | 11856 | -3.6 | 496 4.0 802 6.5

722 12881 | 43 | 11917 | -35 | 482 39 | 1324 | 107 | 12908 | 49 | 11789 | -42 | 560 45 1393 | 113

80.3 13504 | 93 | 11604 | -6.0 | 950 | 7.7 | 1631 | 132 | 13448 | 93 | 11495 | -65 | 977 79 1701 | 13.8

922 12891 | 44 | 12038 | -25 | 427 35 | 1650 | 13.4 | 12974 | 55 | 12051 | -2.0 | 462 3.8 1625 | 132
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(Fig. 10> Dynamic gross weight variation-

normal zone

(Fig. 11> Dynamic gross weight variation-

Impact zone
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