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Optimum Structural Design of a Triaxial Load Cell for Wind Tunnel Test
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In this study, an optimized design of a triaxial load cell has been developed by the use of finite
element analysis, design of experiment and response surface method. The developed optimal
design was further validated by both stress-strain analysis and natural vibration analysis under an
applied load of 30 kgf. When vertical, horizontal, and axial loads of 30 kgf were applied to the
load cell with the optlmal design, the calculated strains were satisfied with the required strain
range of 500x10°+10%. The natural vibration analysis exhibited that the fundamental natural
frequency of the optimally designed load cell was 5.56 kHz and higher enough than a maximum
frequency of 0.17 kHz which can be applied to the load cell for wind-tunnel tests. The satisfactory
sensitivity in all triaxial directions also suggests that the currently proposed design of the triaxial
load cell enables accurate measurements of the multi-axial forces in wind-tunnel tests.
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Fig. 3 Schematic of the load cell and design parameters
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Table 1 Material properties of AL2024-T4

Properties (unit) Value
Young's modulus (GPa ) 72.4
Poisson's ratio 0.33
Density (kg/m°®) 2780
Tensile yield strength (MPa) 325
Compressive yield strength (MPa) 280

Table 2 Levels of design parameters

. Level (mm)
Design parameter -

Min Max
A (radius) @70 280
B (width 1) 4 7
C (width 2) 6 10
D (length) 16 18
E (thickness) 4 6

3. |t sy

AYAEE oz HYY AARFEE W



o

2HUDS| X K 28F 25 pp. 226-232 A February 2011 / 228

Table 3 Experimental models by DOE Table 4 Finite element analysis results by DOE
No Design parameter Axial Horizontal
' A B C D E Strain (x10%) Deflection(mm) Strain (x10°)
1 70 4 10 16 4 1 480.9 0.04284 324.8
2 70 7 6 18 6 2 206.0 0.01286 91.0
3 80 4 6 16 4 3 910.2 0.07785 449.8
4 70 7 10 16 4 4 398.8 0.03199 129.9
5 80 7 6 18 4 5 531.6 0.05823 273.2
6 70 7 10 18 6 6 213.4 0.01225 76.0
7 80 4 10 16 4 7 789.4 0.07605 448.5
8 80 4 10 16 6 8 399.3 0.02763 219.6
9 80 7 10 16 4 9 548.4 0.05564 243.8
10 70 7 6 16 4 10 3744 0.03325 187.9
11 80 7 6 18 6 1 229.0 0.02131 142.0
12 80 4 6 18 6 12 4544 0.02777 189.1
13 70 7 10 16 6 13 209.3 0.01234 78.6
14 80 4 10 18 6 14 441.5 0.02709 174.8
15 80 7 10 18 6 15 240.7 0.02034 116.9
16 70 4 10 18 6 16 309.1 0.01588 116.9
17 80 4 6 18 4 17 925.0 0.07675 381.1
18 80 4 10 18 4 18 §91.0 0.07353 353.4
19 80 7 6 16 4 19 509.3 0.05815 294.0
20 70 7 6 16 6 20 200.5 0.01281 96.5
21 70 7 6 18 4 21 376.0 0.03338 195.6
22 70 4 6 18 4 22 640.7 0.04342 253.8
23 70 4 6 16 6 23 317.4 0.01663 147.4
24 80 4 6 16 6 24 402.2 0.02815 216.1
25 70 4 10 16 6 25 328.5 0.01630 146.7
26 70 4 6 18 6 26 315.2 0.01644 168.1
27 80 7 10 18 4 27 506.1 0.05525 224.1
28 70 7 10 18 4 28 393.6 0.03180 146.3
29 80 7 10 16 6 29 231.0 0.02048 126.1
30 70 4 10 18 4 30 678.2 0.04171 229.7
31 70 4 6 16 4 31 669.1 0.04388 312.6
32 80 7 6 16 6 32 243.1 0.02127 1414
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Fig. 5 Normal probability plots of the standardized effects
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Fig. 6 Statistical evaluation of axial strain
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Fig. 7 Optimization results
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Fig. 8 Strain and stress contours for the optimum model
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Fig. 9 Mode shapes of the optimum load cell model

Fig. 10 Safety factors calculated from fatigue analysis
{factor 1 = 1X10® cycles)
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Table 5 Modal analysis result

Mode Frequency [Hz]
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