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Development of a Laparoscopic Surgery Robot Using an Ultrasonic Motor
Capable of Generating a Three Degrees-of-Freedom Motion
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A laparoscopic surgery requires the doctors’ skills, however, it gives less damages to patients than the general
abdominal operation. The difficulties of the surgery are caused by small DOFs (degrees-of-freedom) of the motions of
forceps and endoscopes. So, we developed an ultrasonic motor capable of generating a three DOF motion of the
spherical rotor. The motion of the ultrasonic motor is similar to that of human wrists. We apply the ultrasonic motor to
the forceps, in order to increase the number of DOF of the motion at the tip of it, and to lighten the doctors' burden.
First, the characteristics of the ultrasonic motor are described, and then the forceps with multi DOF motion we made

are shown.
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Fig. 1 Ultrasonic motor generating multi DOF motion
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Fig. 2 Relationship between torque and rotational speed when
the normal load between rotor and stator is changed
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Fig. 3 Characteristics of position control
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Fig. 4 Result of a multi DOF position control
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Fig. 5 Hand part of the forceps
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Fig. 6 Forceps generating a multi DOF motion
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