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Estimation of Vertical Interaction Force to the End of a Surgical
Instrument by Measuring Reaction Force to the Trocar Support
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Abstract: This paper proposes a method to estimate vertical interaction force to the end of the surgical instrument by measuring
reaction force at the part supporting the trocar. Relation between the force to the trocar and the interaction force is derived using the
beam theory. The vertical interaction force is modeled as a function of the reaction force to the trocar and the distance between the
drape plate and the trocar. Experimental results show that error is induced by the asymmetric shape of the trocar tip because contact
position between the instrument and the trocar tip is changed depending on the direction of the interaction force. The theoretical
relation, therefore, is compensated and reduced. Average L, relative error of the estimated force in the x-direction and the y-direction

is 5.81 % and 5.99 %, respectively.
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Fig. 1. Model of the surgical instrument and the robot arm.
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Fig. 2. Reaction force and moment at supports of the surgical
instrument when vertical interaction force occurs.
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Fig. 3. Reaction force and moment at the trocar support.
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Fig. 4. Free-body diagram of the instrument, the drape plate and the
trocar.
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Fig. 5. Model of the upper slide of the surgical robot.

10
y = 0.5405x + 0.0472
3
< 0
TR
-5
-10
-15 10 -5 0 5 10 15
RT,>< N)
10 ‘ :
y =0.5531x + 0.0275
5
3
.. 0
TR
-5
-10 :
-15 -10 -5 0 5 10 15
Ry, (N)

a9 6. RpF F2l vlE #A| (p=155cm).
Fig. 6. Linear relationship between Rrand F (/7= 15.5 cm).
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Fig. 7. Relation between the theoretical result and the measured
result.
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Table 1. L, relative error of the estimated force.
Iy (cm) Error of Error of
T Fx,estimated(%) Fy,estimatea (%)
8.5 3.44 7.73
12 6.08 8.29
156.5 7.06 7.85
19 7.03 3.07
22.5 7.55 5.15
26 4.21 4.99
29.5 5.30 4.86
Average 5.81 5.99
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