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Overshoot correction in 
digital-control system 
by Y. KOREN, A . SHANI and J . BEN URI * 

coNTROL SYSTEMS for machine tools are of two types, 
point-to-point and contouring. When designing a 
contouring-control system, it is important to minimize 
the overshoot on stopping of the cutting tool in order 
to keep it within the required accuracy limits (e.g., one 
pulse). In a closed-loop digital-control system, how­
ever, the reversal command is given only after the 
motor has traversed an arc equivalent to one pulse, 
so that the accuracy limit will have been exceeded. 
This drawback is remedied by means of a frequency 
divider in the feedback loop of the system; in addition, 
a decelerator for reducing motor-speed some time before 
stopping may be included. 

Speed-control system 
Fig. 1 shows a typical speed-control system for a d.c. 
motor. The bi-directional counter is fed two sequences 
of pulses through an input circuit, one as reference and 
the other from an optical or magnetic encoder. The 
counter correlates the two sequences and gives, through 
a d.- a. converter, a signal representing the position 
error of the system. The converter consists of weighted 
resistors and its voltage is adjusted to zero, by means 
of a special bias, for a counter reading of 100 ... 0 The 
error signal is amplified and fed to the d.c. motor, and 
the direction circuit (fed two sequences of pulses, in 
quadrature, from the encoder) gives a signal instructing 
the motor to rotate in the direction of reduced error. 

The input circuit directs the reference and feedback 
pulse sequences so that for one direction of rotation, 
the count will be increased by the reference and 
reduced by the feedback (or vice versa, for reversed 
rotation). In addition, it contains a circuit blocking the 
simultaneous appearance of pulses in both channels 
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(which would interfere with the counting), and another 
preventing reversal of the counter when full or empty. 
On receiving the stop command, the input circuit, in 
conjunction with the counter, applies damping to the 
system. 

Demand direction 

Fig. 1 Typical speed-control system 

Stop 
instruction 

Demand direction 

Fig. 2 Speed-control system with frequency divider 
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Fig. 3 Time responseJfor two gains 

X axis, 
I pulses--......._ 
before 

· teason, the frequency divider ~ used for normal opera­
tion only, and )ts exclusion on receiving a stop com­
mand implies that 211 pulses will now be equivalent · 
to one original pulse, In other words, an error up to 2• 
pulses is permissible .without detriment to accur;tcy. 

The use of the frequency divider. entails two addi­
tional advantages. As can be seen from-fig. 3, the error 
due to overshoot on stopping (represented by the 
hatched area) can be reduced by increasing the system 
gain. Exclusion of the frequency divider increases the 
gain 2"-fold only after compliance with a position 
command, so· that normally the system works at a 
lower gain and is more stable. Furthermore, position 
commands in machine-tool control systems are usually 
based on an ·incremental technique and this entails a 
cumulative error. The single-pulse accuracy require­
ment is equivalent to the 2"-th part of the basic length 
unit of the system so that, at worst, an error of one 
length unit only, can accumulate after 2" operations. stopping --......,.. 

To raxis. The number of stages of the frequency divider is 

Yaxis, .D>JI-1....,_ ___ _.,. connected with that of the counter. For the real position 
I pulses--• ....... 

before 
stopping . ··--......,.. 

error on stopping to vanish, the counter must . not be 
allowed to become either full or empty. In other words-

i- 1 ~ n (2) 
It should be noted that the open-loop gain of the 

To x axis system on receiving a stop command (K.) is obtainable 
from the above requirement. Equ. 1 then yields-

f;_---4~-1 
from interpolator 

of X axis 

Fig. 4 Decelerator circuit 

The open-loop gain of the system should be high for 
several reasons, but mainly in order to reduce the 
number of counter stages. The latter (including one 
stage serving as sign bit) is calculated from-

21-1 = cfmax!K (1) 

where i = number of stages, !max == maximum input 
frequency, K =open-loop gain of system, and c = 
constant depending on system overshoot (c > 1). 

Another advantage of a high gain is a reduction in 
position error. Under tfixed advance of the axes in a 
cOntouring-control system, a position error in each 

. axis does not entail a path error but, when the combined 
movement is circular or parabolic, a path error will 
result; being proportional to 1/K 2 , it accounts for the 
need for high gain in high-accuracy systems. Ob­
viously, load torque disturbances also decrease with 
increasing gain. However, high gain renders the system 
unstable and necessitates a corrective network giving a 
voltage proportional to· acceleration. 

Frequency divider 
Under normal conditions, the frequency divider receives 
the pulses from the encoder, an(l'!elivers the frequency 
obtained divided by 2" (n being the number of its 
stages), which is then fed to the appropriate channel of 
the counter. 0~ receiving a 'stop' command, the fre­
quency divider is short-circuited and the pulses are fed 
directly to the counter circuits. 

The frequency divider actually reduces the number 
of pulses/revolution drawn from the encoder. The table 
accuracy required, is a length unit (say 0·01 mm) 
equivalent (by means of an appropriate gear-box) to 

· one pulse at the frequency divider output. In these 
circumstances, the overshoot following a stop com­
mand, must not exceed one pulse. On the other hand, 
if the system was not modified, the motor would 
continue to rotate by inertia, so that the first notice of 
an overshoot (and ofthe need for a suitable command) 
would. be received by 9te system only after an arc 
equivalent to one pulse had been traversed. For this 
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2!-l /max 2" = c·---
Ks 

Sl,lbstituting (2) in (3); we have­
Ks ~ cfmax 

and, since c > 1, 
Ks >/max 

Decelerator 

(3) 

(4) 

(5) 

At high working speeds, the frequency divider does 
not provide a complete solution to the , overshoot 
problem; hence the speed should be reduced prior to 
stopping. In biaxial point-to-point control systems, the 
solution is simple: reduction of the speed of each axis 
to a constant low level a certain distance before stop­
ping. This, however, is not feasible in contouring­
control systems, as the axes are assigned different 
working speeds and reduction of .both to the same 
constant level would affect the path before stopping. 
The only solution possible in this case, is proportionate 
reduction, and a suitable circuit for this purpose is 
shown in fig. 4. The controlled motor rotates at a 
S!"eed proportional to the input frequency ft. gen­
erally originating in a d.d.a. interpolator. When 
the axis working at the higher speed reaches a position 
I pulses before the stop, both axes are slowed down 
2'"-fold (m denoting _the number of stages of the fre­
quency divider of the decelerator), and a path error is 
prevented .. · 

By linearizing the speed-control system it can be 
shown to be of second order, with the frequency as 
input and the motor speed as output. In this system 
the first overshoot of the path is obtainable as-'-

when-

a= 

[, 
d =- exp a (6) 

n 

y'(l - ,2) 

' ft = input frequency 
. n = natural frequency of system 
C = damping factor. 

Equ. 6 shows 1;hat the first overshoot is linear wi~h 
the input frequency and decreases in the same propor­
tion. 
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