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.

This paper describes the practiea1 design method of an
advanced servo system forindustrial robot manipulators,
where it includes a disturbance and velocity observen It
is first assumed that the feature on frequency response
of the robot is approximated to the feature of two-mass
mechanism. Actually this is confirmed by some experi-
ments. On the other hand, it is insisted that the actual
servo system should be simple for industrial use. The
observer is designed for the load which has the feature
of single moment of inenia. Based on the assumption
that there is a difference between these features, it is
introduced that the servo system can be effectively used
if only the qualified gains are selected considering low-
stiffness. The special relation between the frequency
analysis and the pole alRocations are then shown, and fi.

nally the experimental results are introduced.

Keywords: Observer, Disturbance, Velocity, Robot, Servo,
bow-stiffitess

1. Introduction

  Robots for industrial use are used in a wide range of
application in the industrial field. Some of them are re-
quired to have a long stroke or a payload. For instance, there
is a handling robot which moves around in the semiconduc-
tor plant as installed on an automatic guided vehicle. How-
ever, the composition of such mechanisms tends to be low
in stitifiriess and deterioration in kinetic performance is liable
to occur. The fluctuation in inertia and thction interfere

with the determination of a highly accurate position. ln
actuality, when the frequency characteristics of the robots
for industrial use with a low stitifhess are measured, it is

quite often that they exhibit characteristics close to the two-
mass mechanism. In this report, a method will be proposed
to improve the characteristics of motion of such robots for
industrial use. The people concerned, including the author,
have hitherto made a proposal on the least dimension ob-
server to estimate disturbanoe and kinetic velocity, assuming
 the object of control as the single inertial load.'･2) The sub-
ject observer is identical with the disturbance observee)
popularly known in principle, but it differs from the latter
in that it estimates the kinetic velocity simultaneously for
use in controlling. Thus, it is called the disturbance-velocity
estimated type servo system and is set apart from the rest.
Consequently, a proposal will be made for a guideline in
design of low-stiffiriess loads of the above-mentioned servo

system as follows.`)
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drive shaft of robot manipulation similar to a load model of
the two-mass mechanism. However, there is a non-linear

ftiction on each shaft and there appear different frequency
characteristics as the torque input amplitude changes. The
inputs shown in Fig.1 are torque commanded, while the
outputs show motor velocities. The motor drive circuit con-
sists of the electric control systems with a response fre-
quency of 2kHz to generate a drive torque in proportion to
the torque command. Low gain characteristics are shown
in the entire bands in Fig.1 against the inputs of smal1 am-
plitudes and the points of resonance are not clear. As the
input amplitude grows 1arger, both anti-resonance charac-
teristics and resonanoe characteristics become conspicuous.
The phase reaches close to -900, and typical characteristics
unique to the two-mass mechanism appear. In addition, the
inertia on the secondary side of the two-mass mechanism
fluctuates in accordance with the posture of the robot and
the object it holds. Frequency characteristics also change.
figure 2 presents examples of actual measurement. The
transfer function models of the two-mass mechanism are

shown in Eqs.(1) through (4) and a block diagram is as
shown in Fig.3. Wherein, max inertial sum=Jmu
('= Ji+J2m,,), resonance frequency=uti Anti-resonance
ftequency = ck)2, attenuation coefflcient = ig1, g2, inertia on
primary side =Ji inertia on secondary side =J2, elasticity
=h Viscosity =d, non-linear ftiction and gravity are re-
garded as unknown disturbances and expressed as Tdi and
Tdi, respectively. Corresponding numerical values have

been entered to obtain 'Ilable 1.
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i The block diagram of the case where the estimated dis-
 turbanoe data of the observer is fed back by the sign which
 negates the disturbance is provided in Fig.4. Next, the pole
 of the observer is moved and an appropriate pole is searched
 for from the pole assignment method and the frequency
 characteristics. On the other hand, it is important to deter-
  mine what data to be selected for the nominal inertia data

 Jo for design. An example of numerical data is listed in
 Table 2.

    The frequency characteristics of the primary side posi-
  tion/torque in case the nominal inenia data Jo is set as Jmax
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attenuate but they are excited again on the low frequency
side with the changes of the pole of the observer. This
remains the same as the phenomenon already reported."
Figure 7 shows the root locus related to Fig.5. However,
the damping constant of the observer is set to 1, and the
response frequency y is made to fluctuate. As the negative
pole (-y) of the observer is changed to the negative direction
by feeding back the estimated disturbance data, the two
poles (poles 1 & 2) governing the resonance characteristics
of the control system onoe move in the negative direction
of the real axis and begin to move toward the zero points
(zero 1 and zero 2) after changing the direction at the points
A' and B'. The two poles (poles 3 & 4) at the original point
stay stationary but the remaining two poles (poles 5 & 6)
are mutually complex conjugate and move toward the nega-
tive point at infinity. The same is true of the two zero points
(zeros 3 and 4). The zero points (zeros 1 and 2) as related
to the anti-resonance characteristics do not appear in the
transfer function on the secondary side instead, they have a
zero point (-k/d,O) but have nothing to do with motion.
Consequently, pole-zero cancelling (pole 1 and zero 1, pole
2 and zero 2) shown in Fig.7 appears on the priniary side
alone, and the assignment of two poles (poles 1 and 2) on
the secondary side determines the vibration characteristics.
As a result, an observer is designed with the real axis com-
position of the poles 1 and 2 at a minimum, the control
system will have great dampening characteristics. The de-
sign parameter y will be shown in the Eq.(12). This repre-
sents y when the maximum value of the absolute value of

the reflex force Tas in co = O-oo beoomes the minimum.

ys ly lmin1laso-co tu2J2   i

(

z e, ijto)
ij(D)

)11.] . (i2)
  in case of numerical values as an example, the parameter

which satisfies the conditions y = 56.0.
  Next, the nominal inertia Jo used in designing the ob-
server is fluctuated and a comparison of characteristics is
made to obtain the most appropriate inertia data. Figure 8
indicates the root locus related to the transfer function of the

pesition ei on the primary side against the nominal torque
input T. in case the estimated disturbance data are feedback.
Wherein, e = 56.0. ln Fig.8, the positions of poles (poles 5
and 6) away from the imaginary axis change. whereas the
poles (poles1 and 2) and zeros (zero 1 and 2)which are close
to the imaginary axis change very little. Subsequently, a
differenoe in the selection of nominal inertia data at the time

of design has not come to cause much ofa change in char-
acteristics.

5. Composition 2 of Contron System

  ln order to compose the position control system, it is
necessary to install a compensator on the external side of
the feedback of the estimated disturbance data. In this re-

port, this will be called the external compensator. In this
connection, the problem is that the external compensator
interferes with the compensating function of the estimated
disturbance data inside, resulting in generating the charac-
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teristics will be evaluated to make sure that the vibrations

are controlled by a proper pararneter. Next, the exoess char-
acteristics against fluctuations in inertia will be evaluated.
figure 15 indicates the step response when the inertia on
the secondary side fluctuates from the minimum value
to 1.5 times the maximum value when y=56.0 and
6 s mo. The amplitude and the frequency of
vibration are fluctuating but are fast attenuating at the same
time. Likewise, the root locus at the time of fluctuation of

the inertia is shown in Fig.16. The distance to the imaginary
axis of the pole close to the imaginary axis will change liule

and it will be the control system with a high robustness.

6. Experimenta1 Results

  ln order to verify the results mentioned above, an experi-
ment was conducted. The robot used was a vertical articu-

lated robot R50 (Fig.17) made by Seiko Seiki Co., Ltd. with
the controller SA3000, of which the specifications are listed
in 'Ilable 3. The axis used in the experiment is the vertical
motion axis (second axis) which is the second axis from the
base side and an approximate value of the parameter ofa
rough calculation of the motor axis is identical to Table 1.
The motion back and forth between the two points where
vibration was generated rather conspicuously was selected
in the experiment, and the acceleration at the end of the
robot and the position deflection of the motor axis were
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tem. On the other hand, when the deflections on the motor

axis were compared, the position deflection in Fig.19 was
low, whereas the vibrations were generated in Fig.18. The
resolution per one rotation of the motor is 4.096 pulses. ln
fig.20, aimed at controlling the vibrations of both the ob-
server and the external compensator, it is clear that the vi-
brations are better controlled than those in Fig.18. 0n the
other hand, it is clear that the position deflection at the motor
axis has increased. The frequency remains almost identical
to that in Fig.19. As discussed above, this experiment has
revealed that in case emphasis is placed on controlling the
vibrations at the end of the robot as related to the design of
the proposed control system, it is possible to have the design
to satisfy the control specification if the control parameters
are obtained in accordanoe with the proposed procedures

and the control parameters as shown in Fig.20 are used.

7. Conclusion
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