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A Research on the Primary Mirror Manipulator of
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Since Galileo firstly used the telescope to observe the sky 400 years ago, the aper-
ture of the telescope has become larger and larger to observe the deeper universe, and the
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segmented-mirror telescope is becoming more and more popular with increasing aperture.
In the early 21st century, a series of segmented-mirror telescopes have been constructed
including the Large Sky Area Multi-object Fiber Spectroscopic Telescope (LAMOST) of
China. LAMOST is a meridian reflecting Schmidt telescope, and the dimension of the pri-
mary mirror is about 6.7 mx6 m, which is composed of 37 hexagonal sub-mirrors. However,
a problem about the mirror installation appears with the increasing aperture. If there are
hundreds of sub-mirrors in the telescope, it is a challenging job to mount and dismount them
to the truss. This problem is discussed in this paper and a manipulator for the primary
mirror of LAMOST is designed to perform the mount and dismount work.

In chapter 1, all the segmented-mirror telescopes in the world are introduced and how
the sub-mirrors of these telescopes are installed has been investigated. After comparing
with the serial and the parallel robot, a serial robot manipulator proposal, which has several
redundant degrees of freedom (DOFs), has been chosen from a series of design proposals.

In chapter 2, the theoretical analysis has been carried out on the basis of the design
proposal, which includes the forward kinematics and the inverse kinematics. Firstly the
D-H coordinate is built according to the structure of the manipulator, so it is possible to
obtain the end-effector position and orientation from the individual joint motion thanks to
the forward kinematics. Because of the redundant DOF's of the manipulator, the inverse
kinematics solution can be a very trick task, and the result may not be only, therefore a
kind of simulation is carried out to get the numerical solution using ADAMS (Automatic
Dynamic Analysis of Mechanical System).

In the dynamics analysis the Lagrange formulation is introduced, and the dynamic
equations of the manipulator have been obtained by using the Lagrange method. Since the
manipulator is a serious coupling system, the dynamic curve of the key joints is plotted by
using the ADAMS software.

According to the theoretical analysis, the manipulator for the primary mirror of LAM-
OST is designed and fabricated. The whole manipulator consists of three parts. The first
part is the mechanical arm which is used to realize the high speed and the long distance
location, and it is rebuilt from a small truck crane; The second part is a serial mechanical
hand which is used to realize the low speed and the short distance location. It has six DOFs
including the pitch, the rotate about the vertical axis, the elevation along the vertical axis,
and two horizontal translations. Subsequently the structure is analyzed in the ANSYS soft-
ware to confirm that the strength is enough and the displacement is in the tolerance; The
third part is a mechanical wrist, in which part a hydraulic rod is used to keep the bottom
of the mechanical hand horizontal.

In chapter 6, the control characteristics of the whole manipulator are analyzed. Fur-
thermore, the control method and flowchart are proposed. Based on this method the control
device was selected.

In the end of this paper, the main work and the results of this project are summarized.
Further research is prospected and it provides a reference for the future large telescope
projects.



