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Abstract. Take the force feedback handle applied to the teleoperation of space robotic arm as a requirement. In order
to improve users' experience, we studied the automatic reset force of the handle. This paper proposes a springdamping model and applies it to the torque output of the motor to achieve a good reset of the handle, which is a new
development of the application field of the automatic reset force model of the force feedback device. The experiment
shows that the automatic reset force model has high accuracy when the handle returns to zero. In addition, through
dynamic and reasonable adjustment of the stiffness coefficient and damping coefficient, it can meet the needs of
different users for the automatic reset force of the force feedback handle.

1 Introduction
In recent years, China ’s space industry has developed
vigorously. According to the “three-step” development
strategy, China will build its own manned space station
around 2020. Space robotic arm, which is one of the three
key technologies of the space station, will be used in the
construction and on-orbit maintenance of our space
station[1].
With the continuous deepening of the construction of
China ’s space station, astronauts can complete the
capture docking and indexing of space segments, assisted
replacement of out-of-vehicle equipment, self-exit
activities, and platform load care by operating robotic
arms. Its complicated operation flow and the special
environment of the space require the robot arm operating
system to have better multi-dimensional interaction
capabilities in order to better assist astronauts to complete
the robot arm operation processing.
As a human-computer interface of force perception[2],
force interaction device can complete the information
collection of operator's operation action, realize the
control of the operated object, and feedback the state of
the operated object to the operator in the form of force, so
as to improve the "sense of presence" and "sense of
transparency" of its operation [3-5]. At present,
teleoperation technology based on force sense interaction
is widely used in robot systems working in special
environments, such as space, danger, radiation, high
temperature, toxicity or seabed environment[4,6]. On the
basis of vision and hearing, it increases the way of force
information feedback, which greatly improves the
efficiency, accuracy and safety of the operating system. It
is of great significance to apply it to the master-slave
control of the space station manipulator[7,8].
a

Based on the above requirements, a force feedback
handle based on 3-RRR spherical parallel mechanism is
designed. The force feedback handle shall have the
function of automatically returning to the zero position.
The operator shall overcome the automatic reset force to
operate. After the operation, the automatic reset force will
return the handle to the zero position. The general handle
is installed with spring in the mechanism to form an
automatic reset force, but it has many disadvantages such
as spring deformation and difficulty in self-regulation, so
the user experience is poor. In the parallel mechanism,
the motor is used to provide the torque, and the return
force of the spring is simulated by the servo motor on
three joints.

2 Research on model of automatic reset
force of handle
Generally, the control handle needs to have the force of
returning to the zero position. When the operator carries
out remote control operation, it is necessary to pull the
handle to operate against the recovery force. After the
operation, the hand leaves the handle, and the handle can
automatically return to the zero position. Considering that
the working space of the handle is ± 40 °around each
axis, in order to have no singular point and member
interference in the selected working space, and to have
better flexibility index and force transmission
performance index, the zero position (initial position) of
the mechanism is defined as shown in Figure 1. That is
the reclosing position of the axis connecting the moving
platform and the connecting rod, and the axis connecting
the fixed platform and the connecting rod of the adjacent
moving chain.
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Assuming that a spring (or torsion spring) is installed
between each coordinate axis of the coordinate system Ox0y0z0 to the dynamic coordinate system O-xyz the
angle between the return moment and the coordinate axis
is proportional. Set the return moment between the x axis
and x0 axis as Tyz，the return moment between the y
axis and y0 axis is Txz，and the return moment between
the z axis and the z0 axis be Txy, The stiffness coefficient
of each spring is kyz，kxz，kxy, then
Figure 1. Definition of mechanism zero position

The automatic reset force of the handle is related to
the movement of the end. The displacement of the joint
angle is detected by the encoder installed at each joint of
the handle. The torque required to be output by each
driving motor is calculated according to the
corresponding automatic reset force calculation method,
and the corresponding electric current output by the
driving motor is controlled, so as to realize the real-time
automatic reset force output of the handle.
The common control handle relies on the return
spring to realize the automatic return to zero position.
The force feedback handle designed in this paper relies
on the motor on three joints to provide power to complete
the return to zero position, so it needs to simulate the
return force of the spring through the servo motor.
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ui ,wi ,v（
1, 2,3）are the direction of the three
i i
rotating auxiliary axes (drive shafts, hinges of connecting
rods and connecting rods, hinges of connecting rods and
moving platforms)of each moving branch chain.

Figure 2. Definition of the included angle between the actual
end position of the handle and the zero position
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Let the angular velocity of the end of the mechanism
be ω , and the angular velocity of the driving joint be s .
From reference [5], the speed relationship of the 3-RRR
spherical parallel mechanism can be described as:
Aω

k

(3)

The resultant torque vector of the automatic reset
force at the end of the handle is

In order to obtain more physical recovery force, the
coordinate system is established at the end handle of the
mechanism, and the zero-position attitude is defined as
the fixed coordinate system O-x0y0z0, the real-time
attitude of the handle is the dynamic coordinate system
O-xyz, as shown in Figure 2. In the figure, i, j, k
represents the unit vector of the dynamic coordinate
system O-xyz, i0, j0, k0 represents the unit vector of the
fixed coordinate system O-x0y0z0.

k0

j

Define the torque vector as Tyz, Txz, Txy, then

2.1 Motor simulation of spring

z
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be the angle between the unit vectors

i0 and i, j0 and j, and k0 and k, then
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For the force feedback devices, when the spring stiffness
coefficient is too large, it often causes oscillation. Adding
a damping term can significantly improve this situation,
so a damping term should be added to the force control
model.
Let the damping force be Tdmp, then

Let J be the speed mapping relationship between the
input and output of the mechanism ( s Jω ), namely
the speed Jacobian matrix, then

B-1 A

J

(9)

In the control, it is necessary to make use of the Euler
angle to differentiate the time, so the transformation
matrix R is introduced.
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Let the driving torque of the drive motor be τ,
According to the principle of virtual work, there are
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Substituting equation (12) into (13) gives
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 t refers to the angular displacement

refers to the angular displacement at time

t-1, tsample is the sampling time interval.
For force feedback control systems, higher sampling
frequency is usually required. tsample is generally set to
10ms or less. In discrete sampling, the calculation of
speed is not continuous and it is prone to sudden changes
in speed. This requires the selection of a suitable damping
coefficient B. If B is too large, it may cause instability
due to discontinuities; if B is too small, the effect of the
damping term is not obvious, which is also not conducive
to the stability of the control.
The calculation of the damping term is directly
calculated at each drive joint. The angular displacement
in each sampling period is collected by the encoder, and
after the angular velocity is calculated, we can obtain the
damping moment: Tdmp, and then superimpose it with the
automatic reset force calculated by the previous inverse
solution and output it to the motor.
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Thus, it can be obtained
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In the formula,
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Here B is the damping coefficient and  is the joint
angular velocity. For discrete systems,

(10)

Where t is the Euler angle vector,

B

Tdmp
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In the formula, JR is an extended Jacobian matrix.
2.2. Study of damping force

3 Achieve

The spring model can be used to simulate the return force
of the spring. In the actual debugging, the spring stiffness
coefficient must be set carefully. If the spring stiffness
coefficient is too small, the handle will lose power when
it returns to the zero position, causing a large zero -return
error. If the spring stiffness coefficient is too large, the
automatic reset force is too large, and the handle is easy
to cause oscillation due to the excessively fast restoring
speed. In order to ensure that the handle has a high
return-to-zero accuracy, and to minimize the back and
forth oscillation phenomenon, a damping force needs to
be introduced into the mechanism.
The damping force is a resistive moment that is
proportional to the angular velocity, and its direction is
opposite to the movement direction. Damping helps
reduce the transient impact received by the mechanical
system, hinders the structure from transmitting vibrations,
and is beneficial to the stability of the device. In practical
mechanical systems, damping is always present because
of friction. In the automatic reset force control of the
force feedback handle, increasing the damping term helps
to increase the reliability of the zero return and reduce
vibration.
The most commonly used damping model is linear
viscous damping. The magnitude of the damping force is
proportional to the speed and opposite to the direction.

The handle automatic reset force is calculated using the
spring-damping model, as shown in Figure 3.

t

Figure 3. Spring-damped model

The formula for calculating the automatic reset force
can be expressed as:

F  Kt  Bt
Among them, t  [ , ,] is the Euler angle at the
end, K is the stiffness matrix, B is the damping matrix.
Suppose the Euler angle obtained by iterative
calculation is  , , ，then the calculation process of
T
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damping coefficient from 0.5 Nmm / rpm to 1.6Nmm /
rpm, perform an automatic reset experiment on the
handle, record the angle difference between the Z-axis
direction of the handle and the zero position and the
recovery torque of motor output to handle, and the
experimental results are shown in figure 7.

the spring force is shown in figure 4, the calculation
process of the damping force is shown in Figure 5.
Euler pt.
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T
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Figure 6. The automatic reset force experiment
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Figure 4.Calculation process of automatic reset force
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(b) B=0.8Nmm/rpm
70

180

angle deviation / degree

Figure 5.Calculation process of damping force

140

50

120

40

100

80

30

60

20

4 Experimental verification

40

20

10
0
-10

The automatic reset force of the handle is the center force
of the handle returning to zero, which is reflected as a
force that always points to the center zero during the
operation. When the operation is completed and the
operator's hand leaves the handle, the handle mechanism
automatically returns to the zero position under the action
of the automatic reset force. The magnitude of the
automatic reset force and the accuracy of returning to
zero are indicators for evaluating whether the law of
returning force is appropriate. A larger returning force
will increase the resistance during operation, which will
easily cause the operator's fatigue. A smaller returning
force will make the return to zero slowly and zero-return
accuracy is poor. Reasonably adjusting the parameter
stiffness coefficient K and damping coefficient B can
change the magnitude of return force and zero return
error. The automatic reset force experiment is shown in
Figure 6.
(1) the effect of damping coefficient on the stability of
the automatic reset of the handle
Set the constant spring stiffness coefficient as
K=[8Nmm/°3Nmm/°3Nmm/°]T, change the damping
coefficient from 0.5 Nmm/rpm to 1.6Nmm/rpm，Set the
constant spring stiffness coefficient as K = 1, change the
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Figure 7. Effect of damping coefficient on the return-to-zero
process

From the above comparison, it can be seen that when
the damping coefficient B = 0.5Nmm/rpm, the handle
will oscillate obviously around the zero position of
automatic reset. When the damping coefficient is
increased, the back and forth oscillation phenomenon
gradually weaken, and the handle will soon stop at the
zero position. When the damping coefficient is increased
to B=1.6Nmm/rpm, the oscillation phenomenon
disappears, and the handle can automatically return to the
zero position and stop. The above phenomenon shows
that the damping term is of great significance to the
improvement of the zero-return stability of the handle and
reasonably setting the damping coefficient can control the
handle to return to zero automatically and stably.
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(2) Effect of spring stiffness coefficient on zero return
accuracy
Spring stiffness coefficient K=[ kxy,kyz,kxz]T, The latter
two components are the restoring moments when the
handle is rotated around its Z-axis. Because the force arm
perpendicular to the Z-axis is short, the moment in this
direction should be set smaller, or it will make operation
difficult. Here only study the zero return situation where
the handle deviates from the vertical direction, so only
change the value of kxy from 6Nmm/°to 14Nmm/°,
investigate the angular error of the handle returning to
zero (represented by the mean error of the ZXY Euler
angle), and the experimental results are shown in the
figure.
0.7

handle. The experiment shows that the reasonable setting
of the damping coefficient can control the handle to
return to the zero position stably and reliably, and the
reasonable stiffness coefficient can balance the accuracy
and stability of returning to zero. By dynamically and
reasonably adjusting the stiffness coefficient and the
damping coefficient, it can meet the needs of different
users for the automatic reset force of the force feedback
handle.
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