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Development of Modeling Method of Hysteretic Characteristics
for Accurate Load Measurement of Trucks
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Abstract: In recent years, the demand for an onboard scale system which can directly monitor load distribution and

overload of vehicles has increased. Depending on the suspension type of the vehicle, the onboard scale system

could use different types of sensors, such as, angle sensors, pressure sensors, load cells, etc. In the case of a

vehicle equipped with leaf spring suspension system, the load of the vehicle is measured by using the deflection or

displacement of the leaf spring. Leaf springs have hysteresis characteristics that vary in displacement depending on

the load state. These characteristics cause load measurement errors when moving or removing cargoes. Therefore,

this study aimed at developing an onboard scale device for cargo vehicles equipped with leaf springs. A sectional

modeling method which can reduce measurement errors caused by hysteresis characteristics was also proposed.
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Fig. 1 The configuration of onboard scales
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Fig. 3 A height sensor of onboard scale system
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Table 1 Result of load measuring test 1
Test Load Onboard Absolute error
cell(kg) scale(kg) kg %
1 13,193 62 0.47
2 13,186 69 0.52
3 13,405 150 1.13
4 13,255 13,396 141 1.06
5 13,246 9 0.07
6 13,230 25 0.19
Mean error 76 0.57
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Table 2 Result of load measuring test 2

Load Onboard Absolute error
Test cell(kg) scale(kg) kg %
1 16,680 16,512 168 1.01
2 16,680 16,575 105 0.63
3 16,680 16,414 266 1.59
4 16,680 16,486 194 1.16
5 16,680 16,619 61 0.37
6 17,145 16,926 219 1.28
7 17,629 17,279 350 1.99
Mean error 195 1.15
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Fig. 15 Load reduction test

Table 3 Result of load measuring test 3

Initial | Reduced | Onboard scale Absolute error
load load (kg) (kg(%))
(kg) (kg) 1 range|4 ranges| 1 range |4 ranges
13,255 10,225 | 11,213 | 10,335 | 988(9.7) | 110(1.1)
9,760 10,541 | 9,710 781(8.0) | 50(0.5)
12,420 | 13,142 | 12,222 | 722(5.8) | 198(1.6)
13,293 8,820 9,631 8,492 811(9.2) | 328(3.7)
15,945 | 15,135 | 15,768 | 14,943 | 633(4.8) | 192(1.3)
16,685 | 16,390 | 16,602 | 15,999 | 212(1.3) | 391(2.4)
Mean error 691(6.36) |212(1.76)

cajole-He= 2021 6 43



[>
Kl
ol
o
o3
N
o
S
Q
=]
il
o

_&
o r
ftlo
=
ox
o
o
N
ox
fo
RO
ry
=
o
o,
offt
g2
o,
i
>,
3o A o

e 7134*4‘“%1
A B ERolAE ThE wd
Z7p8 muE 7] ;H%.o
5 g;sxq AFHE Hol= 5
2% olste] ¥ AUER shEe

do fo oly
o

U o
oK‘i
o N
e
o
2
>
ol
3R
H

AT 5

j s

;% ] SF

A3

g
ol
o=
L
o
r—}l—l
LY
il
-t
o o
3o Ml o

i

fr 1
OO
3

[t
= FE
)
F_u‘“ oy
N
o ok
o

|t
7o
o fo %
o oly rlr [-5
e B
Oﬁ % _[}‘1_'
i > b ool

b
-
)

N
ok o off
g

_o|£

N
—_

o
N

AT AL T A A dE& wol 5
P0006210, 5= A&zt st=&
wUE o] 7153 2BAd A=A

OIsHZAI(CONFLICT OF INTEREST)

Ae o] =} Bdsle olsj @A FE
b 9o WA

=9 o7

References

1) M. K. Seo et al,
Scale for Measuring the Load of 5 ton Vehicles,”
KSFC Conference S1-1, pp.23-24, 2020.

“Development of an Onboard

44 Journal of Drive and Control 2021. 6

Azl g5y wuy /Y A

2)J. W. Kim, Y. B. Jho and Y. W. Jung, “An
Effectiveness Analysis of Commercial Vehicle’s
Loading Pattern and Prevention of Overloading with
On-board Truck Weight Sensors,” The Journal of
the Korea Institute of Intelligent Transport Systems,
Vol.17, No.6, pp.153-172, 2018.

3) H- B. Gil and S. G. Kang, “Characteristics of
Heavy Vehicles Using Expressway Networks Based

Journal of the Korean

No.5,

on Weigh-in-motion Data,”
Society of Civil
pp.1731-1740, 2013.
4) M. K. Seo et al.,
to Measure the Weight of Trucks,” Journal of
Drive and Control, Vol.18 No.l pp.9-16 Mar. 2021.
5)Z. WU, Y. Xiang and C. Liu,
Suspension Hysteresis Characteristics on Vehicle

Engineers, Vol. 33,

“Development of Onboard Scales

“Influence of

Vibration  Performance,” Proceedings of the
Institution of Mechanical Engineers, Part D: Journal
of Automobile Engineering, 2020.

6) B. Kadziela et al.,
the Leaf Spring Multibody Numerical Model,”
Archive of Applied Mechanics, Vol.85, pp.1899-1914,
2015.

7) J. Zhang et al.,

with Leaf Spring Based on the Hysteresis Model,”

“Validation and Optimization of

“Dynamic Analysis of a Vehicle

International Journal of Vehicle Performance, Vol.4,
No.3, pp.282, 2018.

8 W. K. Moon and C. K. Song,
Characteristics
Vehicles,” The Korean Society of Automotive
Engineers, Vol.16, No.2, pp.99-105, 2008.

9) B. Kadziela et al.,
the Leaf Spring Multibody Numerical Model,”
Archive of Applied Mechanics, Vol.85, No.12,
pp.1899-1914, 2015.

10) B.  Ekici,
Three-link Leaf-spring Model,” International Journal
of Vehicle Design, Vol.38, No.4, pp.326-346, 2005.

11) W. K. Moon and C. K. Song,
Characteristics of Leaf Springs
Vehicles,” Transactions of KSAE, Vol.16, No.2,
pp-99-105, 2008.

12) G. Rill et al,
Time Applications,” In the 18th [AVSD-Symposium

“Hysteretic

of Leaf Springs in Commercial

“Validation and Optimization of

“Multi-response  Optimization in a

“Hysteretic

m Commercial

“Leaf Spring Modelling for Real



A - uhEvobE e -

in Atsugi, 2003.

13) A, C. Reddy, M. V. Sagar and G. S Babu,
“Optimal Design of Automobile Leaf Spring Using
Finite Element Analysis,” International Journal of
Theoretical and Applied Mechanics, Vol.7, No. 2,
pp-87-94, 2012.

14) C. J. Kat, L. Johrendt and S. Els, “Methodology

28 - oz - LAY

fots

for Developing a Neural Network Leaf Spring
Model,” Int. J. Vehicle Systems Modelling and
Testing, Vol.12, No.12, pp.94-113, 2017.
15) https://engineershelp.tistory.com/379
16) J. Reimpell, H. Stoll and 1J.
Automotive  Chassis:  Engineering
Butterworth-Heinemann, 2001.

Betzler, The

Principles,

catoje - HEE 2021. 6 45



