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Abstract

To investigate the impact of a six-component force balance in the automotive wind tunnel, a nu-
merical simulation study was conducted on a simplified balance model with elastic hinges. The
model consisted of a floating frame, elastic connecting rods, elastic hinges, sensors, and a fixed
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frame. Comparisons were made between simulations with no hinge and five different elastic
hinges, revealing that the use of elastic hinges significantly reduced cross-axis coupling. The re-
sults showed that the single-cross circular hinge provided the best overall decoupling perfor-
mance. Further analysis of the two characteristic dimensions of the single-cross circular hinge in-
dicated that the height and thickness of the support piece for the single-cross circular elastic hinge
are important parameters that affect the mechanical decoupling performance of the balance.
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Figure 1. Automotive wind tunnel balance system structure and composition [8]
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Figure 2. Different types of elastic hinges
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Table 1. Material properties of F141 (OONi18Co8Mo5TiAl)
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Table 2. Corresponding interference items for loading single component

2. BOEMEEX R FHIN

In# I TR TR
F R, Ry Ry Ry Ryy Ry (R + R, + Ry + R+ R + R)I6
F, R, R, Ry, Ry R (R + R, + Ry + R, + RIS
F, R, Ry R, (R; + Ry + R;)/3
M, R, R,
M, Ry, Rg (R, + Ry)2
M, R, R, Ry Ry Ry (R + R, + Ry + R, + RIS

AN [ SR PR B 1A P HEAT O FOBEAL N S 2 (T e & 3 P, Bl BRI AR T Aoy, R 2
WO — By BN 00 T T TR T BHEAE N BN T TR (R 2 (928 =21) K 3 K
ZER AT DMR WIS R B, T 28 G A P SR BB i RES 2 35 (R BRI 48000 55 et 70 B2 18] 1 T3 BB A%,
M bt R L B ZR AT B R SR PR B ) T IR B, W] DT A SRR s P AR AR IR

DOI: 10.12677/app.2024.146051 465 S A B


https://doi.org/10.12677/app.2024.146051

Bl 25

FLI5 B R AR 2 o XT3 BN B PR B (D A R A FH AR, (ER RRCR BTy B B R DL
LTS . SR IR B AR AR I R IN 7 3, IO R SRR B I SR A T R B, A
SCJE S T AR B0 B 5 R SR A FEE T

1.4 —— TR
—— BJ5H
1= —o— W
Lo —— L
. —— AR
E( 0.8 —m— AR
by
# 0.6
0.4
0.2
0.0
Fx Fy Fz Mx My Mz
Iz

Figure 3. Average interference amount of each component for different hinge loading conditions
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Figure 4. Characteristic structure of sin-
gle-cross circular elastic hinge
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Table 3. Values of characteristic dimensions t and h for single-cross circular elastic hinge
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Figure 5. Comparison of interference terms of elastic hingesatt =8
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Figure 6. Comparison of interference terms of elastic hinges at t = 10
6.t =10 AP HET HIRRTEE
0. 30
—— 12-40
0. 25 —— 12-50
—o— 12-60
—— 12-70
0. 20 —— 12-80

0. 00
Fx Fy Fz Mx My Mz
I

Figure 7. Comparison of interference terms of elastic hinges at t = 12
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Figure 8. Comparison of interference terms of elastic hinges att = 15
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