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Abstract- Development in the different field of applicationleads us towards automation. This 

leads us to the development of new electronic devices for different fields and applications.One of 
those applications isautomation devices for High Voltage distribution substations.High Voltage 
Circuit Breakers (HVCBs) is one of those automation deviceswhich use mechanical based 
operation mechanism to open and close maneuvers. Traditional breakers however were very 
complicated and were unfit for the use in modern operations such as remote monitoring 
supervision systems, measurements acquisition systems and protection systems. Herewe 
presented and investigated new electronic operation mechanism to obtain more flexibility and 
reliability with modern and automation system. Stability and reliability of full scaled HVCBis 
presented along with its use to high performance demand breaker, in terms of speed and energy 
request. 

Introduction-Automation process increased demand leads to the development of new power 

system with electronic devices integrating functionality for automation processes. In Voltage 
Circuit Breakers (HVCB) system SF6 are key to the electric substation and are responsible 
power connection between grid elements such as PFC bank capacitors, power transformers, 
heavy load facilities and production power plants.SF6 is mainly used with high voltage AC line 
(72 to 800 kV) with high current capacity (4kv to 40kv)[1].In order to accomplish standard 
recommendations, all drives are designed to provide the full energy even in the worst case 
scenario during HVCB operative life. A dedicated mechanical device which acts as breaker is 
used to open and close the HVCB main contacts. Some othermechanisms such as hydraulic, 
pneumatic and electromagnetic mechanism are used.Reliability and drive performances are most 
important aspects in development and design. These devices work in different environmental 
conditions. High temperature range (from -40 to +55° C) and mechanism reliability, against 
pollution and water, are further aspects that affect drive complexity and costs.The main focus of 
this paper isto show the development of previous first approaches made on electronic drive 
in[2][3]and its application to an on-field HVCB setup. 

Motor Drive Overview-The system structure is based on an energy buffer, a main dc/ac 

converter, a three-phase electric motor and an ac/dc power supply. All the components are 
designed in compact casing ensuring protection to the system and easy mobility. 
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A. PSMS Motors- The PMSM is directly coupled to the HVCB main shaft and it acts as a 
spring device, providing torque in a very short time (about 40
describes the main contact profile cu
speed value, as a function of the interrupting chamber as well of the mechanical coupling 
required by the specific application.
revolution. A resolver being directly coupled to PMSM’s rotor axis gives the feedback 
position reference to the control unit.
motor, still present at no power
the external mechanical brake hardware.

B. Inventor Layout-Inverter is made by six IGBTs (SW1
and powered by the energy 
in motor’s phases and provide the required information t

C. Control Algorithm-Schematic of the control algorithm is made of well known control 
loop. The external control loop provides the reference value for the speed control loop 
which provides the torque 
tuned using close loop equations 
reference angular position variable and it is directly compared to the measure being 
acquired from the PMSM’s resolver
control loop and it is compared with rotor speed measurement 
reference is the speed control loop o
the measurement of PSMS’s stator 
it is used for outer control loops and for the Park direct and inverse transformations
this way we can control the movement of motor
matrix transformations, which allow using of the dc current values needed by PI 
regulators. 

 

The PMSM is directly coupled to the HVCB main shaft and it acts as a 
spring device, providing torque in a very short time (about 40-60 ms). The contact profile 

ain contact profile curvewhich defines the rotating angle and the angular 
speed value, as a function of the interrupting chamber as well of the mechanical coupling 

application. The PMSM does move a fraction of its complete 
. A resolver being directly coupled to PMSM’s rotor axis gives the feedback 

position reference to the control unit.One of them is the cogging torque capability of the 
present at no power[4][5], which is useful for the application 

the external mechanical brake hardware. 

 
Inverter is made by six IGBTs (SW1-SW6) in full-bridge configuration 

and powered by the energy buffer. The three hall current sensors, which measure currents 
provide the required information to the control unit for feedback.

Schematic of the control algorithm is made of well known control 
loop. The external control loop provides the reference value for the speed control loop 

torque reference valueto the inner loop.PI compensator constants are 
tuned using close loop equations from[]. The variables used in equation, 
reference angular position variable and it is directly compared to the measure being 

he PMSM’s resolver.Speed variable ω * is the output from the position 
control loop and it is compared with rotor speed measurement data. Whereas
reference is the speed control loop output and it is compared with iq which is related to 
the measurement of PSMS’s stator current. θ PMSM’s rotor position is acquired and then 
it is used for outer control loops and for the Park direct and inverse transformations
this way we can control the movement of motor[7]possible through Clark’s and Park’s 
matrix transformations, which allow using of the dc current values needed by PI 

The PMSM is directly coupled to the HVCB main shaft and it acts as a 
The contact profile 

defines the rotating angle and the angular 
speed value, as a function of the interrupting chamber as well of the mechanical coupling 

move a fraction of its complete 
. A resolver being directly coupled to PMSM’s rotor axis gives the feedback 

One of them is the cogging torque capability of the 
 in order toavoid 

bridge configuration 
three hall current sensors, which measure currents 

o the control unit for feedback. 
Schematic of the control algorithm is made of well known control 

loop. The external control loop provides the reference value for the speed control loop 
PI compensator constants are 

in equation, θ*is the 
reference angular position variable and it is directly compared to the measure being 

Speed variable ω * is the output from the position 
. Whereas iq* 

which is related to 
θ PMSM’s rotor position is acquired and then 

it is used for outer control loops and for the Park direct and inverse transformations[6]. In 
possible through Clark’s and Park’s 

matrix transformations, which allow using of the dc current values needed by PI 
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D. Motor and Inverter models
are shown in dq-axes rotating frame.

Where Ld and Lq are the machine direct axis inductance and quadrature axis inductance 
respectively, Rs is the machine phase stator resistance, ω
is the induced rotor flux in the stator win
shows the mechanical behavior of the PMSM machine where K
constant, Kre is the machine reluctance constant, B is the mechanical friction, T
load torque applied to the shaft and J is the inertia of the PMSM rotor.Because we are 
considering an IPM PMSM machine with high reluctance, equation (4) shows two 
different components of the stator phase inductance along direct and quadrature axis, L
and Lq respectively.According to 
shown in equation (5). 

Where Gplant is the inverter transfer function which shows a gain of magnitude K
time lag Tsw. The latter is equal to the switching period defined in DSP’s control 
every new SW1-SW6 duty
period.Tdt is the further delay introduced by the dead
assumption that its time is sufficiently small with reference to T
duty-cycle computation is performed at the end of switching period.

Motor and Inverter models-The inverter model equations and PMSM’s model equations 
axes rotating frame. 

 
are the machine direct axis inductance and quadrature axis inductance 

is the machine phase stator resistance, ωe is the electrical speed and λ
is the induced rotor flux in the stator winding by the permanent magnets.
shows the mechanical behavior of the PMSM machine where Kte is the machine torque 

e is the machine reluctance constant, B is the mechanical friction, T
load torque applied to the shaft and J is the inertia of the PMSM rotor.Because we are 
considering an IPM PMSM machine with high reluctance, equation (4) shows two 

mponents of the stator phase inductance along direct and quadrature axis, L
According to [8], an inverter applied to a motor can be modeled as 

 
is the inverter transfer function which shows a gain of magnitude K

. The latter is equal to the switching period defined in DSP’s control 
SW6 duty-cycle computation is performed at the end of switching 

is the further delay introduced by the dead-time compensation, under the 
assumption that its time is sufficiently small with reference to Tsw.Every new SW1

ycle computation is performed at the end of switching period. 

The inverter model equations and PMSM’s model equations 

are the machine direct axis inductance and quadrature axis inductance 
is the electrical speed and λPM 

ding by the permanent magnets.Equation (3) 
is the machine torque 

e is the machine reluctance constant, B is the mechanical friction, TL is total 
load torque applied to the shaft and J is the inertia of the PMSM rotor.Because we are 
considering an IPM PMSM machine with high reluctance, equation (4) shows two 

mponents of the stator phase inductance along direct and quadrature axis, Ld 
, an inverter applied to a motor can be modeled as 

is the inverter transfer function which shows a gain of magnitude Kd and a 
. The latter is equal to the switching period defined in DSP’s control timings; 

cycle computation is performed at the end of switching 
time compensation, under the 

very new SW1-SW6 
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MATLAB SIMULINK SIMULATIONS
motor system obtained from the simulink
experimental setup.SimPowerSystem toolbox 
has been used to check control algorithm and calculate initial regulator values
parameters are shown in Table I.
shaft. The whole system is mechanic
during simulated operations. Motor is flanged in the same way as been intended to operate in 
the final application.An external laboratory power supply unit (PSU) provides the required 
energy for charging and recharging needs of the bank capacitors. Auxiliary energy is 
provided by the internal custom PSU which drains power directly from the capacitors bank 
and converts it to low voltage values compatible for electronics of the control unit.A spring 
based mechanism is rated up to 2 kJ of avail
maneuvers required and energy
considered enough for the initial testing bench. Considering 850V as capacitors b
the required total equivalent capacitance is then calculated as:

A 8-capacitor bank of 12mf reliable to 450V is used to get required energy.
PMSM motor is a custom made motordesigned for a peak stall torque of 650 Nm, 1000 rpm 
of rated speed, rated voltage and current respectively of 340 V
phase.Achieved results shows 
behavior between the simulation model and the laboratory test bench.

The contact travel curve speed calculation is dependent on the type of interruption chamber 

MATLAB SIMULINK SIMULATIONS-To the operating conditions 

obtained from the simulink is validated to the laboratory equivalent 
SimPowerSystem toolbox from Matlab’s Simulink simulation software 

has been used to check control algorithm and calculate initial regulator values
parameters are shown in Table I.A mass with inertia J is direct coupled to PMSM’s main 
shaft. The whole system is mechanically tied up in a custom frame to avoid any movements 
during simulated operations. Motor is flanged in the same way as been intended to operate in 

An external laboratory power supply unit (PSU) provides the required 
g and recharging needs of the bank capacitors. Auxiliary energy is 

provided by the internal custom PSU which drains power directly from the capacitors bank 
and converts it to low voltage values compatible for electronics of the control unit.A spring 

mechanism is rated up to 2 kJ of available energy for each maneuver.Considering
energy required for auxiliary powera 7 kJ capacitor bank has been 

considered enough for the initial testing bench. Considering 850V as capacitors b
the required total equivalent capacitance is then calculated as: 

 

of 12mf reliable to 450V is used to get required energy.The considered 
PMSM motor is a custom made motordesigned for a peak stall torque of 650 Nm, 1000 rpm 
of rated speed, rated voltage and current respectively of 340 Vrms and 200 Arms per 

Achieved results shows design follows the expectations, recording a very close 
behavior between the simulation model and the laboratory test bench. 

 

The contact travel curve speed calculation is dependent on the type of interruption chamber 

the operating conditions of proposed 

is validated to the laboratory equivalent 
from Matlab’s Simulink simulation software 

has been used to check control algorithm and calculate initial regulator values.Simulation 
A mass with inertia J is direct coupled to PMSM’s main 

ally tied up in a custom frame to avoid any movements 
during simulated operations. Motor is flanged in the same way as been intended to operate in 

An external laboratory power supply unit (PSU) provides the required 
g and recharging needs of the bank capacitors. Auxiliary energy is 

provided by the internal custom PSU which drains power directly from the capacitors bank 
and converts it to low voltage values compatible for electronics of the control unit.A spring 

Considering three 
a 7 kJ capacitor bank has been 

considered enough for the initial testing bench. Considering 850V as capacitors bank voltage, 

The considered 
PMSM motor is a custom made motordesigned for a peak stall torque of 650 Nm, 1000 rpm 

and 200 Arms per 
design follows the expectations, recording a very close 

The contact travel curve speed calculation is dependent on the type of interruption chamber 
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and usually it includes points from the region around CT (Contact Touch) for Closing and CS 
(Contact Separation) for Opening maneuvers to approximately ¾ of the total travel distance 
[9].Tests performed with inertia show that O and C have very similar behavior, because load 
is symmetrical. Therefore, speeds during opening and during closing operations are the 
sameCalculation of speed is based on typical CS of 110 mm interrupting chamber 
mechanism. Starting point is about 40 mm after HVCB open condition and ¾ of total travel 
before close condition, which is about 83 mm. For the rotating drive point of view, 110 mm 
is equivalent to 150° and 2.618 radians. 110 mm and 150° of revolution has been chosen due 
to actual mechanical conversion applied to conventional drives.To ensure control stiff 
stability and robustness, slowest allowable maneuver has been performed.The DSP 
measurement memory allows 250 ms maximum data record. Therefore, open and close 
operations have been performed to obtain about 0.4 m/s as average speed. Because of slow 
operation, average speed and calculated speed based on CT and CS point reference give very 
close values. 

FIELD TEST-The proposed motor drive has been applied to different loads with the aim of 
testing its performance in the context of the final application.The electronic drive control 
cubicle and the PMSM motor have been installed to drive a ABB PASS M0 three-phase 
HVCB device in TPO (Three Pole Operation) configuration.A 110 mm of penetration and 
equivalent 150° degree of PMSM rotor’s revolution are used to perform the complete 
operation. Considering speed needs, one PASS M0 with nominal SF6 pressure and maximum 
breaking capability (as required in IEC62271-100 T100s test duties) requires at least 4.5 m/s 
as technical design requirement.External equipment (DAQ – Data Acquisition) is used 
assupervisor of the entire maneuver and to acquire the encoder data.It also checks the 
effective CT and CS points through feeding every single phase of the HVCB with a low 
voltage DC source signal.DAQ sense a change of state from zero voltage (main contact are 
closed) to DC source voltage (main contacts are opened) and vice versa, the CS or CT point 
are set and it is possible to calculate main shaft travel curve speed.Calculation shows DAQ 
estimates the breaker’s contact speed, giving result of 4.89 m/s for opening and 4.74 m/s for 
closing.The external acquisition and drive internal travel curve measurements are identical, 
proofing that the controller got reference speed as expected.The PMSM three-phase current 
measurements were achieved by the control unit.Peak stator current of 240 A is reached 
during maneuver which is near the limit of motor rated current. For closing maneuver similar 
results were achieved with different current waveform due to friction and mechanical 
response of the HVAC. 

Conclusion-In this paper, a prototype of an electric HVCB is presented and describes using 

Matlab simulink simulation. The test result obtained from the Matlab is verified using the 
laboratory test in order to evaluate the design choice for the custom PMSM, the inverter and 
choice of control parameters. To verify and validate prototype tests, new drive has been 
applied to a full scaled ABB PASS 170kV in TPO configuration, and system has been tested 
inconsideration to international certified Laboratories following IEC62271-100 type tests 
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recommendations. All results suggest successful reliability, repeatability and stability of 
electronic drive and its ability to perform on high-energy demand HVCBs. 
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