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Abstract 

Controlled switching is a way of opening and closing 
breakers while causing less stress to the equipment. 
It is now also available with SIPROTEC 5 devices. The 
ability to use it together with a protection/control 
unit opens up new opportunities and savings in the 
wiring overheads. The seminar examines its imple-
mentation and explains how the device was tested.  
 

Introduction/problem summary 

 
Controlled switching, or point on wave switching 
(Point on Wave PoW), reduces the amount of stress 
imposed on the equipment and switch during switch-
ing operations, and minimizes disturbance to the sys-
tem. This increases the service life of equipment and 
reduces aging. There are fewer system faults (for ex-
ample, re-strikes on capacitors), which in turn in-
creases availability. The switching operation (a make 
and/or break operation, depending on the applica-
tion) is carried out phase selectively at pre-deter-
mined switching angles. Specialist devices are availa-
ble from certain manufacturers.  
As protection/control units are specifically designed 
or optimized for a different type of application in 
which the precise closing angle is not a major consid-
eration (rapid 1- or 3-pole opening), the required 
switching accuracies cannot normally be achieved us-
ing the existing binary outputs (relays). The 
SIPROTEC 5 platform satisfies all the requirements in 
terms of protection and controlled switching. Con-
trolled switching demands new testing methods 
which are described below. 
The energizing of a capacitor bank/capacitive load is 
used as an example to explain the principle behind 
controlled switching. The same principle applies to 
other equipment/loads using different switching an-
gles. 
 

Effect of different closing angles 

The effects of different closing angles can be verified 
very easily by means of a simulation, for example, Re-
laySimTest. The observations for a MSCDN system 
(Mechanical Switched Capacitor with Damping Net-
work) are described in [1]. This MSCDN system would 
generate the inrush currents shown in Figure 1. As 
can clearly be seen, the current amplitude at an unfa-
vorable closing angle (Phi=90°) is significantly higher, 

imposing greater stress on the system, switch and 
MSCDN system. 
 

 
Figure 1: Inrush current at favorable and unfavorable 
closing angles in a MSCDN system 
 
Figure 2 illustrates the maximum current of all three 
phases for a 3-pole closing operation above the clos-
ing angle. In this case, it is impossible to find any angle 
that would reduce the stress during the closing oper-
ation. The breaker poles need to be energized sepa-
rately to avoid high inrush currents. This is shown in 
the same way in Figure 3. The inrush currents for the 
closing angles L1:0°, L2:120°, L3:60° (for the closing 
of capacitive equipment) can be significantly reduced. 
Figure 3 shows the offset to these optimum angles. 
 

 
Figure 2: Maximum current as a function of the clos-
ing angle during 3-pole closing 
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Figure 3: Maximum current as a function of the clos-

ing angle during 1-pole closing 
(L1:0°/L2:120°/L3:60°) 

 

Controlled switching 

The switching angle is dictated by the device being 
switched. In the case of a capacitive load or capacitor 
bank, the voltage zero crossing of the respective 
phase is the best option. Using the zero crossing 
(Phi=0°) of a measured reference value, the breaker 
data, and the specified closing angle, a calculation is 
carried out to determine the instant at which the de-
vice contact would have to be energized to ensure the 
breaker meets the requirements. Given a reference 
voltage UL1, a closing sequence L1:0°/L2:120°/L3:60° 
relative to the zero crossing of the reference voltage 
is required to switch a capacitive load. To compute 
the instant at which the contact that energizes the 
breaker has to be actuated, we need to know the me-
chanical and electrical switching times (closing time 
and make time respectively). These vary according to 
the pre-arcing time at which the arc in the breaker 
makes the electrical contact. The closing time/open-
ing time will also depend on the following: 

- Control voltage of the open/close circuit 

- Temperature 

- Breaker pressure  

If required, these can all be taken into account during 
the switching periods through measurements using 
isolation amplifier inputs. This can take place with lin-
ear or specific characteristics. These variables are 
used in the calculation of the switching instant.  

Figure 4 illustrates the principle behind the closing 
operation. 
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Figure 4: Principle of controlled switching 
 

A low level of scatter in the device closing time is re-
quired in order to achieve good switching results. The 
closing time scatter of normal mechanical binary out-
puts (relays) is 1 to 2 ms. A time scatter of 1 ms pro-
duces, in a 50 Hz system, a closing angle error of 18°. 
This results in an increase in the peak current of 
around 30% (see Figure 3). With respect to the device 
closing time, an accuracy of <100 µs, which equates to 
1.8°, is required. The contacts being used should have 
as low a closing time scatter as possible. Mechanical 
contacts are not suitable in this instance. The constant 
systematic components of the closing time can be 
taken into account in the calculation of the closing in-
stant. 
The SIPROTEC 5 system features "semiconductor re-
lays" which, as well as very short trip delays, also have 
a very low closing time scatter. This produces device 
closing accuracies as low as <50 µs. 
 

Testing method 

The closing time reference point is the zero crossing 
of a defined voltage, for example, UL1. All closing times 
relate to this zero crossing point. The switch times are 
used to calculate the time at which the relay in the de-
vice has to be activated to achieve the desired closing 
target. The source used for the test has to exhibit a 
high degree of time stability, which the CMC 256/356 
devices, for example, guarantee. The switching se-
quence can be output using the State Sequencer, while 
the measurement of the making of the contact com-
pared with the reference voltage is performed using 
an oscilloscope. The measurement setup and meas-
urement principle are shown in Figure 5. 
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Figure 5 Measurement setup/principle 
 
The deviation in closing time between the zero cross-
ing of the reference voltage and the operation of the 
device contact is measured. This shows a closing time 
deviation of the device contact of <30 µs (<0.18°). 
More significant in this instance is the low time scat-
ter of the results. The systematic inaccuracies can be 
compensated for in the settings. The sample measure-
ment in Figure 6 resulted in a closing time deviation 
between the zero crossing of the reference voltage 
and operation of the contact of 3.0 µs (0.054°).  

 
Figure 6 Measurement of closing time deviation 
 
A simple yet similar measurement method is to use 
the isolating amplifier inputs. These are normally 
used to compensate the control voltage of the 
make/break circuits or to record the reference con-
tacts (in the case of Siemens circuit breakers, the ref-
erence contact signals the mechanical making of the 
breaker contact), etc. An external direct voltage (<=10 
V) is applied to the isolating amplifier via the contact. 
Evaluation of the generated fault recording (fsample=8 
kHz) enables the make/break to be roughly assessed 
in the laboratory for an exploratory test (time resolu-
tion: 125 µs). 

 
Figure 7 
 
Using a State Sequencer also facilitates the direct 
measurement using a suitable CMC test set. A direct 
measurement via the binary inputs of the CMC356 
cannot achieve the same level of accuracy as the 
measurement using the oscilloscope, as the binary in-
puts are read at a sampling rate of 10 kHz (in other 
words, every 100 µs). This equates to an angular de-
viation of 1.8° and is, therefore, acceptable for the 
purposes of an exploratory test of the function and/or 
the settings. Older CMC devices, such as the CMC156, 
do not achieve this sampling rate. 
 
A closed loop simulation is required in order to see 
the effects of the switching on the equipment. The re-
actions (or actions) of the device have a direct impact 
on the simulation. This is complex and only achieva-
ble with expensive real-time simulators, such as the 
RTDS (Real Time Digital Simulator). 
 
An easier approach is to use the iterative closed-loop 
simulation feature of RelaySimTest. Here, the simula-
tion is performed several times so as to take account 
of the switching response. The simulation is executed 
as follows: 

1. Output of the simulation variables, ignoring 
the commands. The commands are measured 
during the second run. 

2. Output of the simulation variables, this time 
including the previously measured com-
mands.  

3. If there is very little variance between the 
first and second set of commands, the simu-
lation is correct and is terminated; otherwise 
further simulation runs are necessary. 

 

 
Figure 8: Simulated system (capacitive load) 
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For a capacitive load (or a capacitor bank), the itera-
tive closed-loop simulation was carried out for the 
system depicted in Figure 8 for a favorable switching 
operation (Figure 9) and a switching operation with 
an unfavorable closing angle (Figure 10). The higher 
harmonic distortion is clearly evident. 
 

 
Figure 9: Favorable switching operation 
 

 
Figure 10: Unfavorable switching operation 
 
 

Integration in the control function 

Control of the breaker is currently performed using a 
combined protection/control unit. At present, a sepa-
rate device is required if the breaker is also to be con-
trolled/switched in sync with the phases. To integrate 
this into the control system, some additional external 
wiring will be necessary for coordination with the 
protection/control unit. A complete integration of the 
"Point on wave switching" function in the control 
function of a protection/control unit means one less 
device and lower engineering and installation over-
heads. As the control unit is integrated into the pro-
cess control system, the additional overhead required 
for controlled switching is much lower. If "Point on 
wave switching" is available in the device and has 
been activated, every switching operation will be con-
trolled.  
 
The "Point on wave switching" function is included in 
the Circuit Breaker function group. The function also 
has function blocks for enabling and disabling it, so 
can, therefore, be customized for the specific applica-
tion in question.  

 
Figure 11a Point on wave switching in DIGSI 5 library 
 

 
Figure 11b Point on wave switching parameter in Cir-
cuit Breaker function group 
 

Summary 

 
Controlled switching allows all equipment to be 
opened and closed in a way that causes less stress to 
the equipment. Integrating controlled switching into 
the control function enables automated and efficient 
point on wave switching to be implemented. Various 
testing methods are available for checking the results. 
The iterative closed-loop simulation with RelaySim-
Test enables the effects of the closing operation on the 
system variables to be tested directly. 
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