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ABSTRACT

The main purpose of the study is to achieve the insertion force modeling, the
completion of the force control system design, in order to control the slaver of the
surgical robot during the medical operation. That is when the master enters one force
function, the slaver can output the corresponding one. This study builds force
modeling and sets up a control experiment platform, and completes the force analysis
and modeling, influencing factor analysis and force control experiment.

Firstly, the principle of the needle insertion process is briefly analyzed, and the
force analysis of the needle during insertion is analyzed and deduced theoretically.
The analytical model needed in the modeling is selected and determined. The
assumptions that need to be used in the modeling during insertion are set.

Secondly, the construction and design process of the computer-aided insertion
experiment environment is introduced. The hardware system of the puncture platform
with the DC motor and the linear displacement platform as the actuator of the
insertion is designed. The sensor obtains the puncture force in the process, and the
data acquisition card is used to collect the data. A variety of types of needle to meet
the requirements of force modeling is designed to study the impact of modeling. The
needle and soft tissue of the fixed body to ensure the stability of the system during
insertion to reduce error is also constructed.

Thirdly, the finite element and mathematical model of the soft tissue are used to
build during needle insertion. The analytical model is used to model the stiffness,
friction and cutting force. After the establishment of the model, the geometric
characteristics of the needle, the types of soft tissue and the means of insertion are
tested and analyzed respectively.

Finally, the software system based on LabVIEW is designed. The insertion force
data acquisition and servo system are established. The control program of each
module is optimized and simplified. The control algorithm module is analyzed. The
force control system is completed. The system is verified by the experiment.

Key words: Robot System; Analysis and Modeling; Force Control
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