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Abstract. Through the research of robot system of hybrid force/position control for the
robot, In view of the robot in contact with the environment, Force control in a certain
direction, the position deviation in the direction is ignored. Therefore, when the robot
position control, the equivalent of redundant robots. In this paper, a method is proposed to
optimize the force of the zero space vector of redundant robot in Cartesian space. Finally,
the experimental verification.

1. Introduction

Robot hybrid force/position control is the simultaneous tracking control of the contact force and
position at the end of the robot.By using the orthogonal relation between the contact force and the
position, the end motion of the robot is decomposed in Cartesian coordinates. In literature [1], the
position control is used in the direction of non restraint, and the force is controlled in the
constrained direction. This control method is based on force deviation control and is feedback
control, The end effector of the robot can change with the expected value. However, the robot is a
nonlinear time-varying system. The dynamic output of the joint is calculated by establishing a
precise robot dynamics model. The joint driving force of the robot is affected by the inertia, Coriolis
force and centripetal force. Another force/position hybrid control method is the robot impedance
control. The design idea is to control the position of the robot to achieve the purpose of controlling
the end force, to ensure that the robot in the constrained direction to maintain the desired contact
force [2][3].This kind of control method is controlled according to the position deviation and is
force feedforward control. Most industrial robots are based on joint space position control.
Although this control method is affected by the dynamic model of the system, external interference
and force measurement. However, the parameters of the ideal impedance model must be adjusted
with the change of the environmental dynamics model parameters in the robot impedance control.

The hybrid force/position control method presented in this paper is based on the kinematic
solution. The 6 degrees of freedom of the robot's end effector provide control for the 6 variables in
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the Cartesian space. When the degree of freedom of the end effector is constrained by the
environment, in the direction of force control, then the direction of the position deviation should be
ignored. At this point, the zero space position vector can be used to optimize the force control of the
robot. Redundant degrees of freedom can improve the motion characteristics of the robot [4][5].Set
the force difference performance index of the robot force/position hybrid control optimization. The
advantage of this method is that it does not need to consider the dynamic model of the environment,
the Coriolis force and the centripetal force. It is not necessary to calculate the joint output driving
force so that the contact force can be a good tracking of the desired force.

2. Redundancy based machine human optimal control based on zero space position vector

When the robot is in contact with the environment, Force control in the direction perpendicular
to the contact surface, At this point, the position deviation in the direction should be ignored.The
position and orientation of the robot end effector can be represented by 5 ,vectorsn=6>5and
Rank(J) = 5.At this point, the redundant robot can be used to solve the problem, and the redundant

robot can optimize the force control.
The relationship between the operating speed and the joint velocity is:

X =J(9)4

Intype X ¢ R™,qeR"

The inverse kinematics solution is carried out to solve the joint velocityd. For the redundant
robot, the inverse solution of velocity can be given by J"(Q) and J(0) of zero space vectors:

G=J"(@X +(1-3"3)g

In the formula, J* is the pseudo inverse of the Jacobi matrix, J~ € R™™ .l enxn is order unit
matrix, (I =J7J) jsa mapping matrix of zero space N(J) and ¢ € R" is arbitrary vector.
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vectors.

According to the contact characteristics between the robot and the environment, the difference of
the force can be obtained:

F.=F-K.x

In the formula F is a given force, K, is the elastic coefficient of representative system, it is
constant. X is represented the deviation of the robot motion.

@ can complete the control in all directions. When the end effector is in contact with the

environment, we can control the force in the constraint direction. The position deviation in the
constraint direction should be ignored. So we can get expressions:

I (X =0
Then we can know the joint angular velocity:

4=(1-3")¢
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3. Experimental verification

As shown in Figure 1, the contact between the robot and the environment can be equivalent to a
mass spring system, in which the stiffness coefficient of the spring is set to Ke=2, the displacement
of the motion is x, and the desired force is set to 10N.
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Figure 1Equivalent graph when robot and environment contact

The above algorithm theory can be used in MATLAB software. We step 0.01s,get 30 times to
simulation. we can get the force difference curve in figure 2.It Described the corresponding
relationship between Fc and t.
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Figure 2 Image of the difference of force varies with time

We can know from the image: When the robot is initially, the force difference is the largest
10N,With the increase of time, the difference of force decreases gradually, The final force
difference will tend to ON.Here,the end contact force of the robot will be the expected value.
Experimental results show that in Cartesian space, It is feasible to use the zero space vector of
redundant robot to optimize the force.
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4. Conclusions

In this paper, Aimed at the robot and the environment in contact with the situation. In Cartesian
space, the feasibility of the optimization method is proved by using the zero space vector of
redundant robot. The feasibility of the method is proved by experiments
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