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Optimal Velocity

For Start/Stop Systems

aximizing a
motion-con-
trol system’s

throughput often in-
volves repeating a
particular move as
rapidly as possible
without overheating
the motor. The ques-
tion to explore then
regards the selection
of a velocity profile.
For example, when a
motor must rotate a
specific angle and
stop within t sec,
what is the shape of
the velocity curve
that will execute the
move while minimiz-
ing power dissipa-
tion in the motor?

Optimal velocity

It turns out that
the optimal velocity
profile is a parabola,
as shown in the fig-
ure Parabolic veloc-
ity. Curve A shows
the velocity and
curve B, the accelera-
tion. The energy dis-
sipation (E, joules) in
the motor for a single
step is:
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where: R = armature resistance, ohms; J =
moment of inertia, kg.m?; # = step size, de-
grees; k; = torque constant of motor, Nm/A;
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Galil Mation Control’s DMC-2000 controller communicates
with other computers over the Ethernet using a built-in
feature called Multimaster. The unit also controls a variety
of 1/0 devices, both directly and through the Modbus
protocol. Communication over Ethernet requires less wire
and lets the DMC-2000 access hundreds of connected 1/0
devices.

and t = motion time, sec.

Although parabolic ve-
locity profiles are opti-
mal, they are not com-
monly used, principally
because parabolic
curves require complex
functions to generate.
Other factors that dis-
courage using them in-
clude amplifiers with a
large current require-
ment, and unwanted vi-
brations caused by these
currents at the beginning
and end of the motion.

Consider a trapezoidal
velocity as an alterna-
tive, although it has less
than an optimal profile.
But the issue is, what is
the best trapezoidal ve-
locity profile, and what
is the relative efficiency
of a trapezoidal curve
compared with a
parabola?

The answer is that the
optimal trapezoid is one
where all three intervals
of acceleration, slew,
and deceleration are
equal, as shown in Opti-
mal trapezoidal velocity.
The energy dissipation

per step under the trapezoidal velocity is:

kt2t3
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Comparing equations shows that the power
dissipation is increased by the ratio of 13.5/12
or 12.5%. Another widely used velocity profile
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Parabolic velocity
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is the triangular shape as shown in Triangu-
lar velocity. Analyzing this case reveals that
the energy dissipation is:

16R 2m2
E- GK;]t3@

or 33% more than a parabolic profile.

The use of these results is illustrated by the
following example.

A motor must turn one revolution in 60
msec and repeat the move 10 times/sec. Sub-
stituting parameters in equation one, deter-

MACHINE DESIGN ~ FEBRUARY 24, 2000

mine the temperature rise in the motor under
the three velocity profiles. Start the analysis
with the parabolic profile. The energy dissipa-
tion per step is:

22
E= 125{;]1:3@

E- (12)(2.5)(107)(2m)?
(0.10)% (0.06)2

E =5.5joules
where J = 10"kg.m?, © = 27 rad, k. = 0.1 Nm/A,

R =2.50,and t=0.06 sec.
This results in the power dissipation

P=E Xf=55W,
and produces a temperature rise of
Q =RuP

where f = 10 steps/sec (repetition rate) and Ry,
=1.5° C/W (motor thermal resistance).
In the second case, using the same equation
as the parabolic profile, the trapezoidal velocity
E =6.2 joules,
and produces a temperature rise of 93°C.
Finally, the triangular profile results in an en-
ergy dissipation of 7.33 joules and a tempera-
ture rise of 110°C. As expected, the parabolic
profile generates the least power dissipation
and heat rise. =

Portions of this article were contributed by Facob Tal,
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