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Proposing an index for qualitative comparison of sixaxis force/torque sensors
and optimization of Maltese cross geometry to reduce crossoupling error
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ARTICLE |NFORMATION ABSTRACT
Original Research Paper In this paper the principles of simultaneous measurement of three orthogonal forcefe€tpis, and
Received20 July 2017 three orthogonal torque vectaw, My, M, to design a six axis force/torque sensor are considerec
AcceptedLl Septembe2017 first, a new indexd) for a qualitative comparison of sixis force/torque sensors is proposed and tt
Available Onlinel3 October2017 . . X L
crosscoupling error of several sensgnesented in previous studies is evaluated and compared by

K ; the new index. In the following, a systematic method for designing thaxsxforce/torque sensor i

eywords: X R . R . . R . .
Six-axis force/torque sensor described using nume_rlcal optimization procedure. This methc_)d_ is based on interatetifacer
Numerical optimization between the SQP algorithm created in MATLAB and FEM analysis in ANSYS software. The gec

Principle crosoupling

of sensor structure is selected to be a modified Maltese cross type. Principleocngsy error is
Maltese cross structure

chosen as the objective function to optimize fousngetrical design variables of the sensor structt
Also, strain gauge sensitivity, maximum applied stress and geometric sizes of the sensor strL
constraints are formulated in problem. Results show that principle-coapéing error of the optima
sensor design is less than 1.49% with a high moment to force specification (0.1 Nm/N)
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* Crosscoupling or interference error
2 Accuracy

2 Resolution

4 Measurement sensitivity

® Stiffness

® Elastic deformation
 Foundation spring

8 Isotropy

° Linearity

10 Repeatability

1 Hysteresis

2 Finite Element Method (FEM)
3 Condition number
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Fig. 1 Measurement of external forces and moments by-axgs«
force/torque sensor
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Table 2 Three different cases of initial design variables

Hm (Mmm) t (mm) h (mm) b (mm) lod>
18 15 9.5 8.5 1
24.5 0.7 18 11.5 2
28 3 14 14 3

od‘ﬁwyl)la‘_glxbﬁ.&n3 o] y 0 «

Table 3Optimized design variables

J(X) Hm (mm)  t(mm) h (mm) b (mm) lacdl>
1.4868 32.0008 0.7194 15.7479 15.8961 1
14861 32.0007 0.7170 15.7480  15.8963 2
14855 32.0006 0.7183  15.7478  15.8960 3
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Fig. 13FEM results of the optimally designed sixis F/T sensor under each individual force and tobyuscale factor 1000: (&) = 400 N,
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