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ABSTRACT: The process of electrical erosion is extremely complex and depends on a number of parameters, such as to obtain a 
surface requires specialized equipment to carry out a series of relative movements the tool – work piece. These movements occur 
during erosion and during journeys into space (withdrawals or advances fast positioning subassemblies). Promptness and accuracy in 
taking all these are largely determined by the quality of the equipment with which to execute the processing. 
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1. Stationary Error  
This quality index defined for steady state, transient 
result after cancelling components, precision 
characterizes the operation of electro-mechanical systems 
advance.  
Stationary error leading to steady state is established after 
a phase change caused by a disturbance variables p: 

If the change in the size of stationary input Xi error can 
be determined easily, knowing the transfer function of the 
control system.  
Thus, consider a stable linear system with constant 
parameters and locate namely simple system in figure 1. 
With direct main reaction in the presence of a transducer 
on the main direct Reaction with additional elements 
inside and outside the loop. Noting direct path transfer 
Function by:  

and knowing that the denominator polynomial D(s) is in 
practice always greater than the degree of the polynomial 
K (s) in the numerator, resulting transfer function element 
compared by:  

Because: Xi - Xe = ε Xi = ε + Xe, results:  

ε(s) = Yec(s). According to the final value theorem from 
equation (2) yields:  

ε(s) = Yec(s)  
Substituting 5 in 4, it results:  

In the case of a gear unit input data Xi = |1| and  
Xi(s) = 1/s 
It is noted in (7) as to result in a zero stationary error in 
the case of a gear unit input data Xi = |1| and Xi(s) = 1/s. 
It is noted in (7) as to result in a zero stationary error 
necessary and sufficient condition is that Y (s) has a pole 
at the origin at least first order. 
In this case, the obtained (Fig. 1):  

And then εst  =  0 
Performance imposed stationary error as:  

Were εstimp is imposed value (maximum permissible) of 
stationary error. Condition (8) is usually expressed in 
percentage errors being reported on a stationary output 
size Xest.  
In practice, it is ideal for:  

If a unit ramp input data Xi = t, Xi(s) =1/s2, replacing in 
relation 6 is obtained:  

From (10) it is found that the yield εst=0, the  
Xi = t, it is necessary that Y(s) has a second order pole at 
the origin in this case. 
And so εst = 0 and  
Due to the presence of a second order pole at the origin 
of the transfer function Y (s) leads to a certain 
deterioration of the performance of the transitional most 
often in practice requires εst = 0, Xi = |1| and for Xi = t, it 
is necessary εst < εstimp ≠ 0. To fulfil the first condition 
is sufficient that Y(s) has a first order pole at the origin; 
the second condition is necessary that the total gain of the 
system exceeds a certain value.  
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Fig. 1 Fig. 1 Scheme of a stable system Figure 1. 
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This condition results if it determines the relationship 
between εst (at Xi = t) and total amplification factor Ka. 
For this purpose, the transfer function Y(s) is emphasized 
total amplification factor Ka:  

(Polynomials Q(s) and R(s) with terms in So unity). 
Performance required εst ≤ εstimp ≠ 0 (for Xi = t) will be 
in accordance with (12), to a condition of the form:  

where Kaimp is the value resulting from (12), the 
minimum admissible if is replaced εst with εstimp. 
If a disturbance variation p determines the stationary 
error it requires knowledge of the transfer function  
Yp(s) Feed system against this disturbing phenomenon. 

In accordance with the results (shown in Fig. 2a): 

Steady advance of the application is considered 
disruptive phenomenon Xm = 0 and X = 0 (zero initial 
conditions are assumed), and after the time of application 
disturbance is kept below Xm = 0. If notes with Ysa(s) 
transfer function of the system size lead over the 
execution Xm respectively with assuming P = 0, we find 
that in one case will result: 
Yp(s) = Ysa(s), i.e. when the disturbing phenomenon 
applies to the input of the advance in the same point size 
Xm execution, sending on the same channel it to 
termination. Assuming the initial steady state, wherein Xi 
= 0, Xe = 0, P = 0, applying a disturbing signal - ie P = |1| 
- will provoke a response Xe.  
Noting with Yop(s) transfer function of the closed system 
in relation to disturbance follows:  
Steady advance of the application is deemed disruptive 

phenomenon Xm = 0 and X = 0 (zero initial conditions 
are assumed), and after the time of application 
disturbance still kept notes with Ysa. If (s) transfer 
function of the system in relation to advance size of the 
execution Xm with:  
in the case P = 0, we find that in one case will result: 

Yp(s) = Ysa(s), i.e. when the disturbing phenomenon 
applies to the inlet of the advance in the same point size 
Xm execution, sending on the same channel it to 

termination. Assuming the initial steady state in which X 
= 0, Xe = 0, P = 0, the application of a disturbing signal – 
for example P = |1| will elicit a Xe (size while preserving 
the input Xi = 0: 

Noting with Yop(s) transfer function of the closed system 
in relation to disturbance follows:  

Referring to Fig. 2 is noted that since Xi = 0, the error 
will result: 

Assuming a disturbing phenomenon gear unit  
P = |1|, it follows P (s) = 1 / s and error:  

Even if Yp(s) has a pole at the origin is still applying the 
final value theorem, it follows:  

necessary that the transfer functions of the elements of 
comparison between the element and the point of 
application of the disturbing phenomenon to have a pole 
at the origin; if the pole does not appear in the transfer 
function of the actuator or the portion of the feed system 
between Xm size and point of application of the 
phenomenon, the pole in the home must be the transfer 
function of the controller.  
Figure 3a is the Xe response to a disruptive phenomenon 
P (in the case Xi = 0) where (Fig. 3b) εst = 0, and case 
εst ≠ 0. 
2. Overshoot and maximum deviation  
Override is a quality index of transient caused by a 
variation of the input quantity Xi, and the maximum 
deviation - a quality index of transient caused by a 
disturbing phenomenon. Both performances characterize 
the accuracy of the system in operation phase. Override 
(Fig.4) is defined as exceeding the maximum output size 
Xe (during the transient caused by the change in the input 
quantity Xigear) than the stationary value is determined 
after transient.  
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Exceeding maximum oscillation occurs first pseudo- 
period written (it is considered εst = 0).  
σ Overshoot is related to the stationary value Xest and 
expressed in percent.  
If the transitional regime is periodic, it results  
σ = 0. This index is particularly important in the analysis 
of the dynamic behaviour of electromechanical 
mechanisms to advance the electric erosion processing 
machinery as exceeding the limits can cause overloading 
of the system elements and lead to disturbances of the 
process processing. If we add to these changes in the size 
of the input control movement of the slide electrode 
holder can be reached even when the interruption 
process.  
The above reasons, it is necessary to override a condition 
limiting (in percent):  

 
where σimp is set point (maximum allowable) to 
overshoot characteristic advance system and processing.  
Maximum deviation (Fig. 5) is defined for the transitional 
regime caused a disturbing phenomenon p and the 
maximum value is exceeded by the size stationary output 
Xest Xe. 

In Fig. 5 was assumed Xest = Xi, so εst = 0.  
For reasons analogous to those exposed to override, the 
maximum deviation is required for a condition of the 
form:  

where νimp is the amount imposed.  
To express the percentage of the condition (21), the 
maximum deviation is related to Xest; because of this, in 
Fig. 5 for t<0 does not appear Xi = 0 and  
X = 0, as it is usually conventional but arise respective 
values t<0 of these parameters.  
3. The Damping  
The degree of damping is a quality index of the 
transitional process, which in some papers is used instead 
of the overshoot and maximum deviation. The degree of 

damping can be defined for Xe response to a step change 
in the input quantity Xi or Xe response to a step change 
in the phenomenon of disruptive P. 

a. In case of variation of the input quantity Xi  
(see Fig.6) means the degree of damping difference 
between unity and the ratio of the amplitudes of two 
successive semi-oscillation (same meaning) of the output 

quantity Xe, taken from the stationary value Xest:  
In Figure 6 was assumed εst = 0.  
For the damping of the transitional arrangements to be 
fast, so that the transient to be of good quality, the degree 

of damping required for a condition of the form:  
Where δimp is the amount imposed (δimp #1).  
It must be emphasized that the degree of damping 
determines implicitly a certain amount of overshoot and 
therefore can not replace when it imposed a limitation of 
the overshoot, transient performance expressed by 
override.  

b. In case of change in a disruptive phenomenon P 
(Fig.7) response to changes in the disturbance that 
considered in relation to the stationary value Xest:  
In Fig. 7 the case when εst = 0 is considered for rapid 
oscillations are imposed ρimp the value set  
(ρimp  ≤ 1) 
4. Parameters for a transitional regime  
These parameters are quality indexes that characterize the 
speed of the trial transitional adjust: 

1. Transient duration tr, called the response time, is the 
time measured from the beginning of the transitional 
process and until such time as the absolute difference 
between the value of output and value Xe Xest stationary 
gantry falls below a certain limit, not to exceed then this 
limit; It is therefore considered that the transitional 
regime ends, reestablishing a new steady state when: 
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where Δ is the limit set. In practice it is often considered: 

2. Response time is defined for Xe response to a change 
in the input quantity Xi (Fig.8a) or Xe response to a 
disturbance variance P (Figure8.b). 

In Figure 8 was assumed εst = 0. To ensure rapid 
deployment process control is required for response time 
tr condition of the form:  

where is the value required by the specific trimp advance 
system and the processing characteristics.  
3. Rise time tc, during the first maximum touches tm and 
ts stationary value (Fig. 9) also give an indication of the 
speed regulation process. These indices refer to Xe 
response for step size variation in input Xi. 
Rise time tc is defined differently in the literature, but the 
resulting values are close and causing good approximate 
time required for the response to rise from Xe Xest value 
of 0.05 to 0.95 Xest value.  
Most often one of the following methods used for the 
determination of the TC, namely:  
a. A line goes through the points that have coordinates  
Xe curve 0.05 and 0.95 Xest Xest (points A and B in  
Fig. 9, Establishing points of intersection of this line with 
the horizontal axis and time taken by order Xe = Xest 
(points C and D); for tc is take a value equal to the 
projection on the time axis of the segment CD to CD 
right between the two points of intersection.  
b. Curve is drawn tangent to the curve at the point Xe has 
ordered 0.5 Xest or inflection point of the curve, setting 
the intersection of the tangent with the horizontal x-axis  
and the ordinate taken Xe = Xest; tc be adopted for an the 
intersection of the tangent with the horizontal X-axis be 
adopted for an amount equal to the projection on the time 
axis tangent segment comprised between the two points 
of intersection.  

Definition of the sizes tm and ts shown in Fig. 9 is 
represented for the case when εst = 0 and so  
Xest = Xi. 
5. Bandwidth  
Bandwidth is a quality index of sinusoidal and 
characterizes the behaviour of the automatic adjustment 
in relation to disturbing phenomena of high frequency 
(noise) and filter properties of the system:  

The width of the band is defined by using the frequency 
characteristics of the closed system.  
Based on the transfer function of the closed system 
relative to the size of the input Xi (29) and passing the 
resulting frequency domain expression characteristic 
amplitude - phase closed system:  

This can be expressed in the forms:  

where:  
- M(ω) is the characteristic amplitude – pulse,  
- ψ(ω) is the characteristic phase, 
- P(ω) and Q(ω)are real and imaginary frequency 
characteristics.  
The value of M(ω) is the ratio of pulse amplitude 
sinusoidal signals at the output and input ω system in 
sinusoidal regime.  
Graphical representation of the dependence M(ω) has the 
appearance of Figure. 10; if Y(s) has pole at the origin 
(and hence εst = 0) to xi = |1|, then  
M(0) = 1 because Y(s) tends to infinity when  
s → ∞, and therefore: 
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In Fig. 10 was assumed M(0) = 1. The maximum value of 
Mv is called the characteristic peak and the 
corresponding pulsation pulsation ω is called resonance. 
By means wide bandwidth pulse for which M(ω) so, as 

shown in Fig. 10, range ω = ωb M(ω) ≥
2

2
, pulses to 

ωb with M(ωb) = 2
2

 

It is estimated so that the pulse signals ω>ωb are strong 
enough attenuated filter control system considered: 

If logarithmic amplitude characteristics - pulse, the value 
in decibels of the pulsation amplitude ωb, which defines 
the bandwidth, will be:  

For the operation of the system to be influenced as little 
as disrupters of high frequency phenomena, it is 
necessary for bandwidth condition as:  
Where ωbimp is required by the specific value system 
advance. 
6. Constructive systems - technology.  
Constructive systems - technology electro-erosion 
machining with the solid electrode comprising:  
- Subsystem electrode (tool) - object to be processed  
- Sub-processing apparatus ..  
The process comprising:  
- Mechanical block (machine processing itself)  
- The pulse generator  
- Liquid dielectric unit (working)  
In the context of this subsystem performance cars filled 
with:  
- Order processing management process,  
- CNC  
- Adaptive control,  
Subsystem - generate and maintenance of erosive agent 
to the surface to be treated,  
- Computer (system control and optimization).  
Action processing technology electrical erosion is 
achieved within a technological system that has the 
following main functions. 
The design presented here enable to rigorous data 
defining processing on such machines, but the design 
erosion machine so that they can carry out automatically 
processing (Figure 11). System components can be seen 
in the figure 11; these are:  
1. Mechanical block, 
2. Pulse generator, 
3. Dielectric block, 
4. Control system, 
5. Programming console,  
6. Tracking process, adaption, control, 
7. Decoding system, database, 
8. The connections between the system blocks, 
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ωb ≤ ωbimp,     (34) 

M(ωb)dB = 20log M(ωb) = 20log 2
2
≈ - 3dB     (33) 
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Figure 11. Block scheme of a machine for EDM 
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