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Abstract

This paper presents the design process and evaluation results of a two-axis force transducer for

measuring flange reaction forces. A double-cantilever beam structure is used as a sensing element,

and its optimal configuration is determined based on the derived strain equations to maximize the

sensitivity and minimize the rigid body displacements. To reduce the coupling errors between

two-axis forces, strain distributions by finite element analysis are utilized and the Wheatstone

bridge circuits composed of strain gages are built such that the output voltage should be zero,

although strains of four strain gages are not zero. Calibration test shows that the two-axis force

transducer developed in this paper is useful in measuring flange reaction forces within the

coupling error of 5.53%.
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Table 1 Comparison of rigid body displacements and axial strains(xm/m) calculated by equations

derived
Model Case 1 Case 2 Case 3 Case 4 Case 5
Elastic modulus (kgf/mm?) 19700 7000 7000 7000 7000
L (mm) 20 17 17 17 17
t (mm) 0.2 0.2 0.4 0.4 0.5
w (mm) 5.0 5.0 4.0 4.0 4.0
a{mm) 2.5 2.5 2.5 2.5 5.0
b (mm) 6.1 6.1 6.1 3.0 1.75
¢{mm) 21.6 21.6 21.6 21.6 18.85
X (mm) 2.5 1.0 1.0 1.0 1.0
v (pm) 101.6 175.6 27.5 27.7 15.0
Force
p ()t 1.1 2.6 1.7 3.5 6.4
()b 114.2 321.5 100.5 100.7 65.4
6() 0.0022 0.0054 0.0035 0.0136 0.0316
Force (ex)+ 11.7 33.0 21.0 39.2 48.6
Q (ed)n 0.2 0.6 0.7 2.8 8.1
(ex)q 2.5 7.1 4.5 4.5 3.6
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Fig. 10 Schematic diagram for the calibration test of
2-axis force transducer

Table 2 Results of characteristic test for maxi-
mum rated outputs and coupling errors

Sensitivity (HV/V_Z
[o2] [e]
o o

H
o

20

Maximum rated output (1V/V) |Coupling
Force |- ——
ch. 1(Sp) ch. 2(Sg) error
P 125.93 1.77 —5.53%
Q —6.97 83.70 2.11%

40
Percent load (%)

0 20 60 80 100

Fig. 11 Characteristic curves for nonlinearity of 2-
axis force transducer developed
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Table 3 Comparisons between standard forces, measured forces and compensated forces for arbitrary
force combinations

Standard Rated output Measured force (gf) Compensated force (gf)
Case | force(gf) (uV/V) (error (%)) (error(%))
P Q Se Se P Q P Q
1 5 10 30.77 7.98 4.89(-2.3) 9.53(-4.7) 4.99(-0.1) 9.02(-9.8)
2 5 20 30.13 16.45 4.79(-4.3) 19.65(-1.7) 5.00(0.0) 19.15-4.3)
3 5 30 29.43 24.95 4.67(-6.5) 29.81(-0.6) 5.00(0.0) 29.31(-2.3)
4 10 10 62.22 8.37 9.88(-1.2) 10.00(0.0) 9.99(-0.1) 8.96(-10.5)
5 10 20 61.52 16.80 9.77(-2.3) 20.07(0.4) 9.99(-0.1) 19.04(-4.8)
6 10 30 60.85 25.37 9.66(-3.4) 30.31(1.0) 10.00¢0.0) 29.29(-2.4)
7 10 50 59.38 42.30 9.43(-5.7) 50.54(1.1) 9.99(-0.1) 49.54(-0.9)
8 20 20 | 123.87 17.70 19.67(-1.6) 21.15(5.7) 19.91(-0.5) | 19.07(-4.7)
9 20 30 | 123.10 26.27 19.55(-2.3) 31.39(4.6) 19.90(-0.5) | 29.32(-2.3)
10 20 50 121.60 43.20 19.31(-3.4) 51.61(3.2) 19.88(-0.6) 49.57(-0.9)
11 20 100 117.73 85.90 18.70(-6.5) 102.63(2.6) 19.83(-0.8) 100.65(0.7)
EalA o] AAE dofe] F glo] FAlell 7t o 714, Sp S A7t ¥4 FHola (5p) max
HHE W AAFHo2 R A 4 = 3o (SO maxs AAFHIY (Splet ¥ Qo A7
2715 AA stelE @3 wimsts] $ide] Table P& 28, (Sorv

B2 8 29
g,

=]

33 2L 117kx 239 @ Pot ¥ QF FAl =q g 5
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