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Abstract : This paper represents the development of 3-axises loadcell for measuring the side-force of suspension
module of MPV(Multi Purposed Vehicle). The side force causes the failure of damper, such as leakage. The loadcell
was developed using strain gauges, and the Wheastone bridge circuit to compensate for the cross-talk between the each
axises and the measurement error by temperature. Structure analysis of loadcell was accomplished with FEM(Finite
Element Method) to optimize the location of strain gages. The design optimization for important factors that have an
effect on performance of loadcell was accomplished by using DOE(Design of Experiment). Loadcell was produced and
successfully tested, showing good sensitivity and low cross-talk. The cross-talk of the developed loadcell is bellow 5%.
The load history was measured at proving ground. The maximum side-force, the longitudinal force, and vertical force of
MPV are 4.2 kN, 8.0 kN, and 17.0 kN, respectively, at Belgian road.

Key words : Loadcell(2 = 4l), Road load data acquisition(2 X}-3}55-), Wheastone bridge circuit(3] =% B 2] %)
3] &), Design of experiment(-2 & ] & *}H), Finite element method(-3+ 2.4 %)
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Table 2 Dimension of basic model

Parameter Dimension [mm]
H 90
w 76
T 15
RI 26
R2 15
R3 6.5
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Fig. 4 FE Model and definition of parameter
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Fig. 7 Sensing values of case 1 and case 2
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Table 4 Experimental design and results

Experiment T(mm) | R1 (mm)‘ R2 (mm) Max. von Mises stress (MPa) Sensing-x { Sensing-y | Sensing-z | Cross-Talk
No. _ Fx Fy ¥z
1 13.5(-) 24.5(-) 13.5(-) 135.6 121.3 3333 1.16E03 | 1.36E-3 | 3.21E-3 | 0.000%
2 13.5(-) 24.5(-) 15(0) 276.0 286.6 554.7 3.58E-3 | 3.73E-3 1.12E-2 0.000%
3 13.5(-) 24.5(-) 16.5(+) 1812.0 1912.0 3316.0 3.27E-2 | 3.27E-2 1.05E-1 0.000%
4 13.5(-) 26(0) 13.5(-) 114.5 85.1 2813 6.29E-4 | 8.45E-4 | 2.18E-3 | 0.000%
5 135¢) | 26(0) 15(0) 164.8 152.6 3932 | 1.50BE-3 | 1.74E-3 | 4.65B-3 | 0.000%
6 13.5(-) 26(0) 16.5(+) 402.8 421.8 735.2 5.90E-3 | 6.02E-3 1.84E-2 0.000%
7 13.5() | 27.5(+) | 135() | 112.2 60.6 2548 | 4.16E-4 | 6.28E-4 | 1.49E-3 | 0.000%
8 135() | 27500 | 15(0) 163.6 1003 3584 | 7.77B-4 | 1.04E-3 | 2.73E-3 | 0.000%
9 13.5(-) 27.5(+) 16.5(+) 215.9 198.5 449.9 2.10E-3 | 2.37E-3 | 6.90E.3 0.000%
10 15(0) 24.5(-) 13.5() 1320 123.1 294.0 L19E-3 | 138E-3 | 3.39E-3 | 0.000%
11 15(0) 24.5(-) 15(0) 274.5 282.0 530.6 3.61E-3 | 3.79E-3 | L.10E-2 | 0.000%
12 15(0) 24.5(-) 16.5(+) 1817.0 1907.0 3371.0 3.27E-2 | 3.27E-2 1.08E-1 0.000%
13 15(0) 26(0) 13.5(-) 119.297 84.4 266.9 6.55E-4 | 8.53E-4 | 2.20E-3 0.000%
14 15(0) 26(0) 15(0) 162.1 1529 332.6 1.54E-3 | 1.75E-3 | 4.68E-3 | 0.000%
15 15(0) 26(0) .| 16.5(%) 394.8 416.2 719.0 5.87E-3 | 6.02E-3 | 1.81E-2 | 0.000%
16 15(0) 27.5(+) 13.5(-) 91.8 61.2 243.0 411E-4 | 6.02E-4 1.56E-3 0.000%
17 15(0) 27.5(+) 15(0) 130.5 98.7 306.4 7.85E-4 | 1.02E-3 | 2.71E-3 | 0.000%
18 15(0) 27.5(+) | 16.5(+) 2109 196.5 385.0 2.12E-3 | 2.37E-3 | 7.07E-3 | 0.000%
19 16.5(+) | 245(-) | 13.50) 128.1 123.6 2577 | 120E-3 | 139E-3 | 3.36B-3 | 0.000%
20 16.5(+) 24.5(-) 15(0) 269.2 278.1 498.6 3.65E-3 | 3.82E-3 | 1.08E-2 | 0.000%
21 16.5(+) 24.5(-) 16.5(+) 1809.0 1899.0 3573.0 3.27E-2 | 3.29E-2 1.06E-1 0.000%
2 16.5(+) | 26(0) 13.5¢) 101.4 81.9 2292 | 6.61B-4 | 841E-4 | 1.94B-3 | 0.000%
23 16.5(+) 26(0) 15(0) 1573 149.4 2927 1.54E-3 1.76E-3 4.73E-3 0.000%
24 16.5(+) 26(0) 16.5(+) 389.3 4074 700.8 5.89E-3 | 6.00E-3 | L.79E-2 { 0.000%
25 16.5(+) 27.5(+) 13.5(-) 91.1 61.7 206.8 4.13E-4 | 5.78E-4 1.45E-3 0.000%
26 16.5(+) 27.5(+) 15(0) 117.0 99.2 262.4 8.14E-4 1.04E-3 | 2.72E-3 0.000%
27 16.5(+) 27.5(+) 16.5(+) 205.9 192.5 369.1 2.12E-3 | 2.38E-3 | 6.97E-3 0.000%
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Table 5 Optimized dimension of the loadcell

Table 6 Sensing values of optimal model for force direction
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Parameter Dimension [mm] Force direction | Sensing-X Sensing-Y Sensing-Z
H 90 X 2.12E-3 0.00E0 -4.52E-12
w 76 Y 0.00E0 2.38E-3 0.00E0
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Fig. 10 Comparison of sensing values of basic model with
optimal model
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Photo. 1 Shape of installed loadcell with jig for calibration

(X-level : force, Y-level : output voltage)

Expression of Sensing for Forcz-\y(h‘fr
y 0.0884x — 0. 0399

Expresslon of (;Toss talk
y =-0.0018x — 0.0023

Fig. 11 Calibration curve of the load cell
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Table 7 Comparison between results of FE analysis and the
manufactured load cells

F Sensing value | Sensitivity at calibration curve
SO | (FE analysis) (Vou/Force, V/KN)
direction .
(strain, €) Sensor-1 Sensor-2
X 2.12E-3 11.273 11.942
Y 2.38E-3 11.322 11.227
Z 6.97E-3 17.964 17.581
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Photo. 2 Installed load cell on the damper of MPV
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Fig. 12 Measured load history in belgian road ; (a) Side force
history, (b) Longitudinal force history, (¢) Vertical
force history
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