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A Study on Accuracy Improvement for Estimation of Vehicle
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Abstract : Dynamic strain history curve measured in the field is influenced by various factors such as vehicle type, speed, noise, temperature
and running location etc.. Because such curve is used for vehicle weight estimation methodology suggested by Moses, exact strain history
curve is the most important thing for exact estimation of vehicle weight. In this paper, effect of such factors mentioned above is investigated
on the measured strain history curves, and results of weight estimation of vehicles are discussed quantitatively. From this study, it was known
that temperature effect contained in the strain history curve measured for long time in-site gives the biggest effect on result of weight
estimation and it can be removed by using the mode value. Furthermore, gross vehicle weight can be estimated within 5% error corresponding
to A class of the European classification if effects of temperature and noise are removed and vehicle properties such as speed, axle

arrangement and running location are considered properly.
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Table 1, Tolerances of the accuracy classes

Type of
Measurement

Accuracy Classes:
Confidence interval width error ration(%)

A B+ B C D E

Domain of use
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Table 2, Properties of 3— and 4—axle vehicles

Vehicle Information Ist Axle 2nd Axle 3rd Axle
Weight(kN) 316 76 120 120
3 Axle|AXle Distance (m) 32 13
- A — 1
Vehicle — -
- =
Weight(kN) 252 66 93 93
3 Axle Axle Distance (m) 33 1.35
-B — 1
Vehicle % o 1
- =
Information Ist Axle | 2nd Axle | 3rd Axle | 4th Axle
Weight(kN) 308 74 74 80 80
4 Axle|Axle Distance (m) 1.88 3.02 1.3
Vehicle

—
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Fig. 3. Moving lane of vehicle,
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Table 3. Calculation result of axle distance and velocity for 3 axle—A

vehicle,
Ttem Velocity Axle Distance
(km/h) L1(m) L2(m)
3 Axle - A Vehicle 60.505 3.378 1.126
Error Ratio(%) (0.84) (5.56) (-13.38)
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Table 4. Vehicle case used in weight calculation

Case Known Vehicle Random Vehicle
I 3 Axle-A Vehicle 3 Axle-B Vehicle
o 3 Axle-A Vehicle 4 Axle Vehicle
m 4 Axle Vehicle 4 Axle Vehicle

Table 5. Result of weight calculation for vehicle type

(unit : KN)
Ttem Ist Axle 2nd Axle + 3rd Axle Gross
Cal. 62.49 188.80 251.29
case I| Real 66.00 186.00 252.00
Err. (-5.32%) (1.51%) (-0.28%)
Item Ist Axle 2nd Axle Brd Axle + 4th Axle] Gross
Real 74 74 160 308
Cal. 79.30 57.57 172.11 308.97
case II
Err. (7.16%) (-22.20%) (7.57%) (0.32%)
Cal. 72.79 59.21 174.36 306.36
case [l
Err. (-1.64%) (-19.88%) (8.98%) (-0.53%)
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Table 6, Result of weight calculation for velocity variation of 3 axle—B

vehicle
(unit = kN)
Division Ist Axle 2nd Axle + 3rd Axle Gross
Real 66 186 252
Cal. 65.93 184.91 250.84
30km/h Frr. (-0.10%) (-0.58%) (-0.46%)
Cal. 62.49 188.80 251.29
60km/h
Err. (-5.32%) (1.51%) (-0.28%)
Cal. 61.54 190.87 252.41
90km/h Fur. (-6.76%) (2.62%) (0.16%)
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Table 7. Calculated weight of 3 axle—B vehicle due to including and
removing temperature

(unit : kN)
Division Ist Axle 2nd Axle + 3rd Axle Gross
Real 66 186 252
. Cal. 248.55 110.09 358.64
Including
Err. (276.59%) (-40.81%) (42.32%)
i Cal. 62.49 186.00 251.29
Removing
Err. (-5.32%) (1.51%) (-0.28%)
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Table 8, Noise condition due to NSR value

Case NSR Case NSR
1 0 5 0.15
2 0.01 6 0.20
3 0.05 7 0.25
4 0.1 8 0.3
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Fig. 12. Time history curves due to NSR value for 3 axle —B vehicle,
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Table 9, Result of weight calculation due to NSR variation of 3 axle—B

vehicle
(unit = kN)
Division Ist Axle 2nd Axle + 3rd Axle Gross
Real 66 93 93

Cal. 62.49 188.80 251.29
Case 1

Err. (-5.32%) (1.51%) (-0.28%)

Cal. 62.61 188.77 251.38
Case 2

Frr. (-5.14%) (1.49%) (-0.25%)

Cal. 65.07 186.30 251.37
Case 3

Frr. (-1.41%) (0.16%) (-0.25%)

Cal. 59.95 194.14 254.09
Case 4

Frr. (-9.17%) (4.38%) (0.83%)

Cal. 59.51 191.29 250.80
Case 5

Frr. (-9.83%) (2.84%) (-0.48%)

Cal. 50.11 200.16 250.27
Case 6

Frr. (-24.07%) (7.61%) (-0.69%)

Cal. 57.44 195.99 253.43
Case 7

Frr. (-12.97%) (5.37%) (0.57%)

Cal. 79.81 172.72 252.53
Case 8

Frr. (20.92%) (-7.14%) (0.21%)
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Table 10. Deviation for moving location of 3 axle—B vehicle in trans—
verse direction

Case [Deviation of Moving Location| Case [Deviation of Moving Location

A 0 F 50mm

B -50mm G 100mm

C -100mm H 150mm

D -150mm I 200mm
E -200mm

—200mm 1st Lane | +200mm

- —
r
Ge L G331

Fig. 15. Scheme of location deviation of 3 axle—B vehicle(ist Lane),
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Fig. 16. Time history curves due to variation of transverse location for

3 axle —B vehicle,

Table 11, Peak value and ratio of peak value due to variation of tran—
sverse location of 3 axle —B vehicle

Case Peak Yalue of | Difference of _Peak Value | Ratio of Pgak Value
Strain(u) (Compared with Case A) | (Compared with Case A)
A 48.864 0.000 1
B 49.109 0.245 1.0052
C 49.357 0.493 1.0101
D 49.596 0.732 1.0150
E 49.835 0.971 1.0200
F 48.604 -0.260 0.9947
G 48.339 -0.525 0.9893
H 48.065 -0.799 0.9838
1 47.791 -1.073 0.9780
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Table 12, Result of weight calculation due to variation of transverse
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(unit : kN)
Division Ist Axle 2nd Axle + 3rd Gross
Axle
Real 66 93 93
Cal. 62.49 188.80 25129
Case A| Before
Erm. | (-5.32%) (1.51%) (-0.28%)
Cal. 61.61 190.62 25224
Before I o 65%) (2.49%) (0.09%)
Case B Cal. 6131 189.67 250.98
after
Er | (7.11%) (1.97%) (0.41%)
Cal. 60.78 192.39 253.17
Before 1= T T91%) (3.44%) (0.46%)
Case € Cal. 60.17 190.47 250.64
after
Er | (:883%) (2.40%) (0.54%)
Cal. 59.95 194.14 254.09
Before T 5 17%) (438%) (0.83%)
Case D Cal. 59.06 191.27 25034
after T (1051%) (2.83%) (10.66%)
Cal. 59.14 195.86 255.00
Before 1= T 0.39%) (5.30%) (1.19%)
Casc E Cal. 57.99 192.04 250.03
after
B | (-12.14%) (.25%) (0.78%)
Cal. 6337 186.97 250.33
Before 1= T G99 (0.52%) (:0.66%)
Cose ¥ Cal. 6371 187.97 251.67
after
B | (:348%) (1.06%) (0.13%)
Cal. 64.28 185.09 24937
Before 1= T 261%) (:0.49%) (-1.04%)
Case G Cal. 64.98 187.10 252.08
after
B | (1.55%) (0.59%) (0.03%)
Cal. 65.20 183.19 24839
Before 1= T (122%) (151%) (-1.43%)
Cose Cal. 66.28 186.24 252.52
after (0.42%) (0.13%) 021%)
Cal. 66.13 181.26 247.40
Before 1= (0.20%) (2.55%) (1.83%)
Case 1 Cal. 67.62 185.33 252.95
after
B | (245%) (10.36%) (0.38%)
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