PRECISION MOTION CONTROL

Replacing line-shaft drives with servos
improves productivity and quality

Converting a single-axis, high-horsepower drive to multiaxis, servo-
controlled operation is a cost-effective way to achieve higher productivity and
quality, at lower operating costs. This guide to critical axis performance and
control considerations helps ensure a successful conversion.

The development of high-performance
servo motors and drives is producing an
accelerating interest in converting sin-
gle-axis, high-power (line-shaft) indus-
trial drives to multiple-axis, motion-con-
trolled machines. Such conversions mean
that fewer machines are needed to pro-
duce a certain product mix with greater
speed and with higher quality than previ-
ously possible.

The key to a successful conversion cen-
ters on the analysis of axis power and
control requirements. The removal of a
line shaft exposes all the vagaries of each
axis point; and, because each axis must
stand on its own, it is up to the servo de-
signer to compensate for the dynamics of
each axis.

The interaction between the mechan-
ics of the machine and the servo system
dictates that a competent servo applica-
tion engineer must be a part of the conver-
sion team. Too often simplistic assump-
tions are made based on function of the
drive and motor and too little attention
given to the basic physics of the system.
For example, a dc brush-type servo may
lack the performance and flexibility re-
quired to ensure acceptable axis perfor-
mance, whereas a brushless ac servo drive
may overcome these deficiencies. Simi-
larly, the real-time performance of the
controller must be fast enough to main-
tain axis coordination and duplicate the
performance of the mechanical line shaft.

John H. Davison is manager, sales & mar-
keting, Industrial Indexing Systems Inc.,
Victor, N.Y.

Product changeover, from weeks to hours

The advantages of replacing line shafts with electronic servo drives is illustrated in
this simplified example of a diaper-making machine. Originally, the machine incor-
porated a number of line shafts driving three cutters which trimmed incoming web
material to size, a unit for sealing the three-layers of the diaper, an adhesive tab lo-
cator, and, finally, a folding unit.

The diaper machine was originally designed as a single-purpose machine. Re-
configuring the machine to produce a diaper of a different size or design meant re-
moving the machine from production, changing gear pinions and shafts, and modi-
fying cams. This process usually took four weeks and then the machine had to be
recommissioned.

Redesign of the machine with a high-performance motion controller and servos
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Simplified configuration of diaper machine driven by original line-shaft.
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Today, with modern brushless drives,
servo driver speed-loop bandwidth can be
300 Hz. In addition, controllers can pass
information required for axis synchro-
nization with the speed of light through
fiber optic cables. This capability insures
that machines with an almost unlimited
number of axes can be operated with ab-
solute synchronism. Position-loop update
times of less than 1 msec are sufficient to
maintain position accuracy well above
that of the mechanical equivalent. On the
surface, such positioning accuracy may
seem unreal, but, considering the shaft
wind up plus gear and coupling play in a

line-shaft system, the newer capabilities
are plausible.

Axis torque requirements

Perhaps the most basic consideration
in any conversion is to determine how
much torque each axis requires. One ob-
vious, but not cost effective, answer is to
put the largest servo motor and amplifier
available on every axis.

A more precise approach is to instru-
ment each axis with a torque transducer,
run the machine in production, and
record the real-time loading on each axis.

driving the various machine units reduced product conversion time from 4 weeks to
about 4 hours. In addition, the electronic cams produced motions that could not be
produced by the mechanical design thus improving product quality. Also, by means
of a menuing system, the entire machine can be set up for a product change by sim-
ply entering a product code. And, from prototype production data, it was possible to
optimize the size of the motors driving each axis.
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Retrofit configuration with high-performance motion controller and servo drives.

By moving the transducer from axis to
axis, data can be taken one axis at a time.
Although time consuming and expensive,
this method produces accurate results.

The advantage of taking data in real
time is two fold. First, the actual loading
at every point in the machine cycle can
be documented. Second, peak torque and
rms torque can be calculated so the
smallest servo motor and driver capable
of doing the job can be selected.

If the appropriate instrumentation is
unavailable for this method, an alternate
but less accurate approach is available.
Each axis is disconnected from the line
shaft, and a fish scale is used to pull the
axis through enough revolutions to deter-
mine the frictional and, possibly, the
steady-state process load. The inertia of
each section can be calculated and, using
a plot of the axis motion during one ma-
chine cycle, you can estimate the acceler-
ation and deceleration torque values. At
best, this method produces only an esti-
mation of actual axis loading.

Axis dynamics

The dynamic performance of each axis
is determined not only by frictional and
inertial loads, but also by the system
spring-mass characteristics.

In a single spring-mass system — rep-
resented by a simple motor-shaft-pulley
arrangement — the pulley acts as a sim-
ple mass and the shaft acts as a spring. As
the motor applies torque to the system,
the angular position of the pulley will lag
behind that of the motor according to
magnitude of the mass, magnitude of the
torque, and spring constant of the shaft.
The longer, or thinner, the shaft, the
greater will be the lag between pulley
and motor for a given torque.

Natural frequency. These factors also
affect the natural frequency of the system.
In a simple motor-shaft-pulley system, if
the motor is fixed and torque is applied to
the pulley then released, the pulley will os-
cillate at the natural frequency of the sys-
tem. This frequency depends on the
length, thickness, and material of the
shaft and the inertia of the pulley.

The natural frequency of an axis has a
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profound effect on its performance. If the
natural frequency of a machine compo-
nent is much higher (greater than sev-
eral hundred hertz) than the frequency
of machine operation, it will not interfere
with the machine performance. But,
when a machine operates at a frequency
close to the natural frequency of a com-
ponent, performance of the component
will probably vary from cycle to cycle.
Even more important, an increase in ma-
chine speed may cause the component to
vibrate violently, degrading product qual-
ity and producing a machine shut down.
Inertia considerations. In general,
servo designs are most easily imple-
mented when the axis inertia is about the
same as the servo motor. While some mis-
match (up to 10 to 1) can easily be ac-
commodated, often in the real world of
production machines the mismatch can
reach 100 to 1. When a high value of iner-
tia mismatch is a problem, a judicious

choice of gear ratio between the servo
motor and load can reduce the inertia
mismatch to a more acceptable level.
When a machine is being converted
from mechanical to servo-controlled
axes, sophisticated digital filters may be
necessary to provide axis performance
that is consistent with process needs.
Sometimes it is necessary to adjust servo
amplifier dynamic parameters to mini-
mize or eliminate the effect of an oscillat-
ing load due to inertia mismatch. The
ability of digital servo amplifiers to ac-
commodate a wide range of adjustment
enhances the probability that a setting or
filter can be found that will enable the
axis to perform optimally. ]
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