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EXAMPLE 4.6.1 <BEc

Suppose that we wish to move a robot joint a total distance of 7 radians in

400 ms using a stepper motor. The joint *“‘sees” a reflected load inertia J; CEE

= (.004 oz-in.s?>. (The load is coupled to the motor shaft through a 10:1

gear train.) It is proposed to use a stepper with the following specifications:
SPECL Jp = 0.003 oz-in.-s? PACT D
. T vad n koomS step angle = 1.8° (200 steps/rev) A

. - ;
rms torque = rated continuous torque = 7 0z-in.

maximum step rate = slew rate = 4000 steps/s

s A ————
In addition, a triangular velocity profile is to be assumed (see Figure 4.6.6).
Here 1, and (1, — 1,) are the acceleration and deceleration times, respectively,
and are assumed to be equal in this case. The acceleration and distance
curves resulting from this velocity are also shown in parts b and c of this
figure and w,, and «,, are the peak angular velocity and peak angular ac-
celeration of the motor shaft, respectively. The problem is to determine
whether the given motor will be able to meet all the motion requirements for

ta joint move of this type.

. M Because the load is coupled to the motor shaft through a 10:1 speed

reducer, the motor must move 10w radians (i.e., 10 times the distance of the
actual joint output). From Figure 4.6.6b and c, it is seen that

-
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and
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Since 1, = £,/2 = 200 ms, w,, and o, needed to make this move are found

to be
. JOTT*Z
w,, = 50m = 157.1 rad/s - 2.0 &
157.1 -
Cpk = o T 785.5 rad/s2 = 3ol r‘/ ”
' 0.2 '°

The corresponding peak acceleration and deceleration torques in this case
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Figure 4.6.6. Assumed velocity, accel: ;é
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ple 4.6.1. Shown are the motor shaft:
angular: (a) velocity; (b) acceleration;
(c) position. 9
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Tacccl = (]L + JM)apk = 5.5 oz-in. <_ 7 05“‘“

Since the acceleration curve in Figure 4.6.6b is piecewise constant, the rms
and peak torques are equal.* Consequently, it is seen that the proposed
motor is adequate from a torque point of view. However, a single step is
1.8° or 0.031416 rad. The resultant peak angular velocity is therefore

redshee 157 Too FAST
vadS/sTep P 0.031416

Clearly, the speed requirement exceeds the maximum slew rate of the motor
by 25%. In fact, it is probable that if we use it for the proposed application,

steps will be dropped and accuracy will suffer.
‘There are two things that can be done to meet the requirements of the

problem\J One involves using a motor that has the same torque rating but a
higher slew rat@The other necessitates relaxing one of the specs. For
example, suppose that it is permissible to make the move in slightly more
than 400 ms. Then the trapezoidal velocity profile shown in Figure 4.6.7
could be employed. Using this profile with wp = 4000 steps/s and the
acceleration and deceleration times still assumed to be equal, it is found that
the acceleration torque is still 5.5 oz-in, 7, = 160 ms and the overall move
time 7 = 410 ms (see Problem 4.23). Thus only a small time penalty results
from using a constant-velocity segment of 90 ms during the move.
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