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Mechanical error analysis of compact forceps
manipulator for laparoscopic surgery
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1Advanced meedzcal Engineering and Science, Tokyo Women's Medical University,
2Graduate School of Frontier Sciences, The University of Tokyo,

3Graduate School of Engmeermg, The University of Tokyo

Japan

1. lntroductlon

Laparoscopic surgery, sometimes called “keyhole surgery”, is one of minimally invasive
surgical techniques. All proceduires are completed inside abdominal cavity through 3-4

small holes on the abdomen using rigid thin videoscope and long-handled surgical

instruments such as clamp, scissors, and scalpel. This patient-friendly technique has a lot of

. mérits compared with conventional laparotomy; less pain, shorter hospital stay, and lower

medical costs. Itis, however, a difficult procedure. Asthe linear-shape forceps are bound at
the iricision hole, symmetrical motion is required around the fulcrum., Surgeons have only
four, Degrees of Freedom (DOF); two DOFs are for the orientation of forceps, and the other
two for axial rotation and longitudinal translation of forceps (Fig. 1), so that laparoscopic
surgery needs h1ghly-sk111ed surgeons with enough experiences.

. As one of engineering solutions responding to these clinical issues, surgical mampulatoxs _

-are developed.and some of them, such as da Vinci® Surgxcal System, are clinically applied.

These mampulators are aiming to enhance surgeons’ ability and dexterity, not for automatic

; ‘Tobot-surgery. While great contribution to high-quality surgical procedure using three-

Open Access Database www.i-t'echonline com

dimensional view and dexterous robotic hands, one of the drawbacks of surgical
mampulators is their size. Conventional operating theatre is too small to install the robotic .
surgery system. Thus, space-savmg, miniaturized manipulator is requxred

" axial rotation: 1DOF

- ‘pivot aréund-
-incislon ho!e

Flgure 1 Laparoscoplc Surgery; surg eon mampulates forceps watching video from
laparoscope controlled by camera assistant (left). Limitation of degrees of freedom (rotation,
translation, and pivot) is one of causes that make laparoscoplc surgery difficult for surgeon

(right) |

Source: Medlal Robotics, Book edited by Vanja Bozovic, ISBN 978-3-802613-18-9, pp.526, -Tech Education and Publishing, Vienna, Austria



434 4 : _ ' Medical Robotics

~ We have developed a compact forceps manipulator using “friction wheel mechanism”
'(FWM) and “gimbals mechanism” (Suzuki, et al., 2002) and evaluated it (Suzuki, et al.,
2005). In this paper, we 1) introduce the mechanism of the manipulator and 2) describe the
mathematical analysis of the mechanical error and correction factor based on mechanism of
mampulator and the measured error.

2. Method

2.1 Mechanical configuration :

In laparoscopxc surgery, at least four DOFs are requu'ed for forceps motion: axial rotation
and longitudinal translation of the forceps, and pivot motion around the incision hole on the
abdomen (Fig.,1). We realize only four DOFs because redundancy may disturb the
minjaturization and simplification of mechanism; those are important factors for clinical
application and commercialization. The compact forceps manipulator we have developed
consists of two mechanical subcomponents; Friction Wheel Mechanism (FWM) and Gimbals
mechanism. The FWM provides axial rotation and longitudinal translation of forceps using
friction drive mechanism. Gimbals mechanism realizes pivot motion of forceps. The
prototype is shown in Fig. 2. Dimensions of manipulator are 80><150><320 mm3and weight is
1.7 kg.

2.2 Frlction wheel mechanism
Friction wheel mechanism consists of a couple of friction wheel that has three tilted driving
- rollers and outer case (Fig. 3) -

Figure 2. Prototype of compact forceps mampulator, fnctlon wheel mechamsm provides
rotation.and translation of forceps; g1mbals mechanism realizes pivot motion (roll, pitch)

Three rollers are radially-located in the case with 120-degree gap, and the forceps shaft is
* inserted among those rollers. When the outer case is rotated, the rollers travel on the surface
of forceps spirally. The shaft is relatively driven by the driving rollers using friction force
between rollers and surface of forceps in spiral trajectory. We adopted hollow-shaft



