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Abstract-- A comprehensive comparison of different operat-
ing mechanisms technologies linked to high voltage interrupt-
ers is presented. It contains a comparison of the state of the art 
technologies and reflecting the future market trend. 

Special attention is paid on the 245/252/300kV mass market 
segment where the share of self blast interrupter increases 
constantly. This will end up in new opportunities for manufac-
tures to change the operating mechanism technology or to 
adapt the existing technology to the new requirements. In addi-
tion the operating mechanism technology is analyzed with re-
spect to the future grid requirements e.g. intelligent operating 
mechanism, high reliability for frequent remote operation. 
 
 
 

I.  INTRODUCTION 

Circuit breakers are essential components of the entire 
high voltage switchgear portfolio. The common require-
ments are summarized in standards, see [1]-[4]. They are an 
important part of life tank breakers, dead tank breakers, gas 
insulated switchgear, any hybrids, e.g. mixed technology 
switch system and generator circuit breakers. Circuit break-
ers mainly consist of an interrupting unit, circuit breaker 
operating mechanism and linkage. They are arranged either 
for triple pole operation or single pole operation. They in-
stalled indoor and outdoor. Consequently, the equipment 
must withstand harsh environmental conditions over a long 
period of time without any malfunctions. As a consequence, 
an extremely high reliability and high safety aspects are 
most important. This counts for the circuit breaker operating 
mechanism in the same manner as for the interrupting unit 
itself. 

SF6 puffer interrupters have been successfully introduced 
in the market more than 40 years ago, followed by the self 
blast interrupters mid of the 80th. By that the operating 
mechanism energy significantly was significantly reduced 
by a factor of 3 to 4 compared to a system comprising a 
puffer interrupter unit. Today, up to rated voltages of 170kV 
and rated short circuit currents of 50kA self blast interrupt-
ers are common (mainly with triple pole operation). For 
rated voltages ≥ 245kV and/or high rated short circuit cur-
rents of 63/80kA puffer interrupters are still exclusively 
applied (mainly with single pole operation), see [9]-[12]. 
However, at the low end of the 245/252/300kV market first 
applications based on a self blast interrupter took already 
place (today up to 40/50kA) and it is clear visible that the 
share of self blast interrupter increases constantly in this 
market segment. Higher rated voltages (420-1100kV) will 
follow stepwise, either with one single interrupter per pole 

or with series connection interrupters. Operating mecha-
nisms have to follow this trend, retaining the high reliability 
and safety aspects in the same manner as of today. 

 

 

Fig. 1. Operating mechanism application example (type HMB-16) con-
nected to 1100kV gas insulated switchgear 

 
 
In the near future large scale offshore wind farms and/or 

medium scale distributed power generation units will 
change significantly the scenario of energy delivery all over 
the world. As a consequence, circuit breakers with frequent 
remote operation capability are of importance. This re-
quirement is covered already today, because interrupter unit, 
linkage and operating mechanism are mechanically clus-
tered by the mechanical class as defined in the IEC62271 
standard, e.g. the mechanical class M2. In addition the main 
components of the grid must become more intelligent to 
meet the aspects of the future grid (so called “Smart grid”). 
Therefore, intelligent operating mechanism with self super-
vision and remote controllability are of importance as well. 

However, the huge installed base of switchgear with SF6 
insulation and the long lifetime of the equipment will not 
lead to a rapid rate of change of the installed equipment. 
Most likely only some components (interrupter and operat-
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ing mechanisms) will be exchanged to meet the future grid 
demands. Preferably the already installed equipment can be 
upgraded to upcoming requirements in order to save costs 
and outage time during the reconstruction works. Therefore, 
customers and manufacturers are required to select now the 
right technology for a future proof high voltage circuit 
breaker portfolio and consequently for the right operating 
mechanism portfolio. 

 
The main requirements for the future proof operating 

mechanism portfolio can be summarized as follows: 
 

 High reliability, robust under all environment 
conditions (refer to IEC62271-203, table 101) 

 High switching capability, preferably M2 ac-
cording to IEC62271 or even better, means ser-
vice life of >10.000 CO without maintenance 

 Intelligent to meet future grid requirements 
 Easy to handle and easy to adapt to new applica-

tions, preferable “plug & play” to avoid longer 
outages and to avoid high shift costs during the 
qualification process 

 
Within this paper a comprehensive comparison of differ-

ent operating mechanisms technologies will be presented, 
reflecting the state of the art technologies and the future 
market trend. This includes a detailed comparison of the 
technology with respect to energy storage, operation con-
trol, energy transmission and damping, the number of mov-
ing parts, required maintenance, the population and the 
technology trend. In addition a reliability comparison is 
given. Cigré statistic – see [15] – on high-voltage circuit 
breaker failures released in 1994 is extended to cover hydro-
mechanical spring operating mechanism as well.  

 
 

II.  COMPARISON OF TECHNOLOGIES 

Circuit breaker operating mechanisms are characterized 
by different technologies, see [7], [8], [13], [14], [16]-[18]. 
In principle they can be divided into 5 groups. These are: 

 
 Pneumatic (classical) 

 Hydraulic (classical) 

 Mechanical spring  

 Hydro-mechanical spring 

 Power electronics (so called motor drive) 

 
In the following all these different technologies will be 
compared briefly with respect to: 
 

 Charging of energy and energy storage medium 

 Release of energy and operation control 

 Transmission of energy and damping 

 Number of moving parts 

 Maintenance requirements and susceptibility to 
maintenance 

 Population and technology trend 

 
 

A. Classical Pneumatic Operating Mechanism 

Those mechanisms were first on the market (already in 
the 60th) when high energy demand for circuit breaker has 
been required. Typical applications were high voltage puffer 
circuit breakers for high short circuit ratings, generator cir-
cuit breakers or air blast circuit breakers. Energy-storage 
requires a large separate gas container. Operation control is 
initiated by valves. Energy transmission is achieved by 
pneumatic pistons and damping via internal gas dampers. 

Intensive maintenance requirements of the compressor 
made this technology more and more unpopular. The work-
ing pressure of the gas energy storage tank is around 30 bar. 
Hence, this technology has to meet pressure vessel regula-
tion in certain countries. In addition the high pressure made 
the available energy for switching operation very tempera-
ture sensitive. Figure 2 shows an example of a typical clas-
sical pneumatic operating mechanism. 

 

 

Fig. 2 Application example of a classical pneumatic operating mecha-
nism (ABB type PKA) 

 
 

B. Classical Hydraulic Operating Mechanism 

Over time, classical pneumatic operating mechanisms 
were replaced the hydraulic ones. Energy is stored in a ni-
trogen accumulator. The hydraulic mechanism is working 
with a much higher working pressure (around 300 bar) 
compared to a classical pneumatic operating mechanism. 
The pressure is generated by a hydraulic pump. Energy 
transmission is realized by a wear-free hydraulic system. 
Damping during opening and closing operation is integrated 
in the working piston. To keep the sealing system of the 
nitrogen accumulator in proper condition, frequent mainte-
nance of the hydraulic operating mechanism is required. 
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Typical for this type of technology is the interconnection of 
discrete modules by external piping (hydraulic cylinder, 
nitrogen accumulator, pump, pressure switch). This heavy 
and mature technology is still required by several manufac-
tures for very high rated switchgear systems, typically in the 
range of 500 to 1100 kV and for short circuit ratings ≥ 63 
kA. Due to the extreme high gas pressure, the gas tank of 
the hydraulic operating mechanism has to meet pressure 
vessel regulation in certain countries and the switching be-
havior is temperature sensitiveness. Figure 3 depicts an ex-
ample for a typical classical hydraulic operating mechanism. 

 

 

 

Fig. 3 Application example of a classical hydraulic operating mechanism 
(ABB type HA and HKA) 

 
 
C.  Spring Operating Mechanism 

With the introduction of the self-blast breaker technology 
interrupters mid of the 80th and the reduced required switch-
ing energy, spring operating mechanisms are continuously 
replacing hydraulic and pneumatic operating mechanisms. 
Therefore today they are widely applied in the sub transmis-
sion range < 200 kV and for energy level up to 4kJ for 
opening. Note spring operating mechanisms with more than 
4kJ for opening are available as well. They are applied for 
rated voltages up to 800kV and puffer interrupter. 

The mechanical stress on the linkage, which is necessary 
to transmit the energy stored in the spring to the breaker, 
was reduced. To abolish the kinetic energy after each 
switching operation, an external damper is required. Both, 
damper and the whole kinematic transmission chain should 
be periodically checked and maintained to guarantee its 
proper functionality. Since the energy storage takes place in 
springs, this technology is not sensitive towards temperature 
changes. 

A mechanical spring mechanism usually consists of two 
springs, one for open and one for close operation. The clos-
ing spring generates the required force to close the circuit 
breaker and charge the opening spring. Hence, the mechani-
cal energy needed for the re-opening is always stored in the 
opening spring when the circuit breaker is in the closed po-
sition. The opening spring is either mounted in the operating 
mechanism and/or in the circuit breaker. 

In figure 4 and figure 5 typical mechanical spring operat-
ing mechanisms are depicted. Figure 4 shows an operating 
mechanism connected to a life tank breaker for an energy 
level of 1-1.5kJ composed by clock springs. Figure 5 shows 
an operating mechanism connected to a life tank breaker 
with higher energy level composed by a set of parallel heli-
cal wound cylindrical springs, see [7] for more detailed in-
formation. 

 

 

Fig. 4 Application example of a mechanical spring operating mechanism 
(ABB type BLK), connected to a life tank breaker  

 

 

Fig. 5 Application example of mechanical spring operating mechanism 
(ABB type BLG), connected to a life tank breaker 
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Most of the products on the market use those helical 
wound cylindrical springs for energy storage. One type of 
operating mechanism utilizes a slight twist in a pair of tor-
sion bars to develop the energy necessary to open and close 
the interrupter. There is one pair of torsion bars for opening 
and one pair for closing. 
 
 
D. Power electronics based operating mechanism 

One of the most recently-developed operating mecha-
nisms is the electrical motor drive. This innovative design 
uses a servomotor to perform a smooth and silent operation 
of the circuit breaker. The operation is actively controlled 
by a sensor which continuously reads the position of the 
motor and adjusts the motor current to obtain an optimal 
travel curve. The energy is stored in a capacitor bank and 
can be delivered instantaneously to the converter, which 
transforms DC voltage from the capacitors and feeds the 
motor with regulated AC voltage. The Motor Drive is essen-
tially a digital system. The required operating motions are 
digitally programmed in a control unit; see [5], [7] and [8]. 
The major advantage of the motor drive is the minimized 
mechanical system, which reduces the service need to a 
minimum. 

 

 

Fig. 6. Application example of a power electronics operating mechanism 
(ABB type motor drive), connected to a life tank breaker 

 
 
E Hydro-Mechanical Spring Operating Mechanism 

The hydro-mechanical spring operating mechanism is ba-
sically a combination of the classical hydraulic operating 
mechanism and the mechanical spring operating mechanism. 
It combines the advantages of these two technologies. 

The main feature is the energy storage in highly reliably 
disc springs. Operation is controlled by hydraulic valves 
widely used in industrial application and aero-planes. The 
energy transmission is realized by hydraulic pistons. The 
damping of the circuit breaker is integrated in the hydraulic 
system. Due to the low number of moving parts and the op-
erating principle the operating mechanism is almost mainte-
nance free. The modular design includes a power-pack 
without any kind of external hydraulic pipe and a monitor-
ing module for control purpose, see [13], [14] and [16]-[18]. 

The main modules of the operating mechanism (complete 
portfolio) are the charging module, storage module, working 
module, control module and the monitoring module. The 
design of the e.g. HMB 4/8/16 operating mechanism series 
is characterized by a circular arrangement of the modules 
attached around the central working module. The low-
pressure reservoir, the working module, and the disc spring 
assembly are arranged coaxially to the central axis at 60-
degree rotation intervals. By means of the three storage pis-
tons, the mechanical energy components of spring force and 
spring travel are converted to the hydraulic energy compo-
nents of pressure and volume. The oil medium between the 
high pressure system and the operating cylinder serves as a 
flexible linkage with a fast acting control valve positioned in 
the flow path for closing and opening operations. Interrupter 
contact velocity can easily be adjusted by limiting the oil 
flow passage area at one location using adjustable throttle 
screws. The mechanism control and energy transmission are 
based on the field proven structural elements of the hydrau-
lic operating technology such as the high pressure hydraulic 
pump, storage piston, and pilot and changeover valves as 
well as one operating piston with integrated hydraulic end 
position damping for both closing and opening operations. 
Figure 7 shows an example for a typical hydro-mechanical 
operating mechanism (type HMB-16), applied for 1100 kV 
gas insulated switchgear, see figure 1 and [11], [12] and 
[16] as well. 

 

 

Fig. 7. Application example of a hydro-mechanical operating mechanism 
(ABB type HMB-16), connection to a gas insulated switchgear is 
shown in figure 1. 

 
This configuration provides an easy-to-install and service 

friendly design, integrating the hydraulic control and operat-
ing functions in aluminum modules. Limit switches for en-
ergy charge control of the mechanism are mechanically 
linked directly to the spring column. Dynamic sealing are 
only used inside the operating mechanism between the high 
and low pressure system. They are not subjected to the at-
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mosphere. The modular design guarantees easy access to all 
components inside the operating mechanism for overhaul 
and maintenance. Hydro-mechanical spring operating 
mechanisms are featured by a high number of mechanical 
operations and a high timing consistency over the total life-
time (see also next chapter) 

A second major advantage of this operating mechanism 
technology is the parallel connection of individual disc 
springs to a spring column. This still maintains the interrup-
tion capability of the breaker in the very unlikely case of a 
broken spring. Monitoring features, which are already inte-
grated in the control of the mechanism, such as pump starts 
per week, limit switch for spring charge indication gives an 

early indication in case of any irregularities. This technol-
ogy is widely used within ABB for gas insulated switchgear 
from 52 – 1100 kV, dead tank breaker, generator circuit 
breaker and partly life tank breakers. In addition hydro-
mechanical spring operating mechanism are well established 
in the OEM market. This mechanism technology is success-
fully adapted to more than 100 different applications world-
wide covering the whole high voltage circuit breaker portfo-
lio 

 
To conclude this section a summary of the most important 
features is given in table 1. 
 

 

 Pneumatic Hydraulic Spring Power Elec-
tronics (PE) 

Hydro-
mechanical 

Energy storage Gas pressurized Springs DC capacitor Springs 

Release of energy  Valve Mechanical latch PE switch Valve 

Transmission of energy 
Pneumatic 

piston 
Hydraulic 

piston  
Linkage 

Cables, copper 
plates 

Hydraulic 
piston 

Damping 
Internal 

gas  
Internal 

hydraulic 
External 
hydraulic 

PE switch 
Internal 

hydraulic 

Number of moving parts Small Medium Minimum Small 

Maintenance requirements Frequent Some Minimum 

Population High, mainly high energy level 
Very high, mainly 
low energy level 

Low (new 
technology) 

High, whole 
energy range 

Technology trend Phase out technology 
Common technol-

ogy 
New technol-

ogy 
Common 

technology 

Table 1: Summary of the most important features of the different operating mechanism technologies 

 
 
 

III.  SPECIAL FEATURES 

Until now common requirements and features of different 
technologies are discussed and compared with each other. In 
addition to that, sometimes requirements are set by the cus-
tomers or standards which cannot be fulfilled by all tech-
nologies considered. These are mainly: 

 Other switching sequences as specified in IEC 
62271-100 (e.g. O – 0.3s – CO – 0.3s – CO 
without recharging) 

 Single pole operation with point on wave 
switching capability according to IEC 62271-
302 

 Triple pole operation at high energy level 

 

A. Other Switching Cycles 

A common IEC requirement is to carry out an open-
close-open (O – 0.3 s – CO) sequence without recharging. 
The circuit breaker shall, after a closing operation, always 
be able to trip immediately without time delay. After that the 
mechanism shall be recharged in 3 min. Today all spring, 
hydro-mechanical and power electronics based operating 
mechanisms do not need 3 min. for recharging. This is 
achieved usually in less than 1min. Sometimes the operating 
sequence CO - 15 s - CO (IEC) or the sequence O – 0.3s – 
CO – 0.3s – CO (IEEE) without recharging is specified. A 
switching sequence of CO - 15 s – CO can meanwhile be 
handled by some spring operating mechanisms. For higher 
switching sequences spring operating mechanisms are not 
designed. Due to the modular energy storage concept higher 
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switching sequences can easily be realized with a hydro-
mechanical and power electronics based operating mecha-
nism. For those operating mechanisms higher switching 
sequences are question of energy packaging only (number 
of springs or number of capacitors to be stacked together). 

 
 

B. Single pole operation with point on wave switching 
capability 

Single pole operation is not questionable for all different 
technologies considered, see [18]-[26]. The question is more 
related to “how compact is the design with single pole op-
eration?” and “does the dimension of the three individual 
operating mechanisms determine the bay width or does the 
interrupter arrangement determine the bay width?” It is ob-
viously, that in some cases – e.g. for gas insulated switch-
gear with spring operating mechanisms – the three individ-
ual operating mechanisms determine the bay width. Because 
only a very compact design of the operating mechanism will 
lead to the preferred solution (the interrupter arrangement 
determines the bay width). Hydro-mechanical operating 
mechanisms fulfill this requirement. For lower energy re-
quirements (up to 2kJ energy level) a special variant of the 
HMB-1/2 series is available, see figure 8.  
 

 

Fig. 8 Application example of a hydro-mechanical operating mechanism 
(ABB type HMB-1s) for single pole operation 

 
 
These are operating mechanisms with one charging mod-

ule, one control module and one storage module but with 3 
individual working modules and three individual monitoring 
modules. The three working modules are linked together by 
means of an energy distribution block. 

Such an arrangement should be possible for the power 
electronics based operating mechanism as well.  

 
Single phase controlled switching – also known as point-

on-wave or synchronous switching – with a high voltage 
circuit breaker requires an optimal interaction of circuit 
breaker, operating mechanism and control module. All 
components must perfectly fit and operate together in order 
to provide a predictable time consistency of less than ± 1ms 
even after the typically long stand-still times between two 
operations of high voltage breakers. Requirements have now 
been summarized in the new IEC 62271-302. Depending on 

application (e.g. switching of a capacitor bank or a trans-
former) the trigger signal can be set to zero crossing of line 
voltage and/or line current. Figure 9 shows the typical sec-
ondary system for single phase controlled switching. 
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Fig. 9 Secondary system for single phase controlled switching consisting 
of control device, current and voltage transformers as well as trip 
coils to initiate the switching operation. 

 
 
For lower energy levels (e.g. up to 2kJ) an operating 

mechanism as depicted in figure 8 or three individual oper-
ating mechanisms with a novel change over valve and a well 
proven control device can be applied. Figure 10 shows such 
an arrangement (3 x HMB-1) for a dead tank breaker rated 
up to 170 kV. 
 

 

Fig. 10 Application example of three individual hydro-mechanical operat-
ing mechanisms (ABB type HMB-1) for single pole operation with 
controlled switching capability 

 
 
For higher energy levels a solution with three individual 
operating mechanisms of type HMB-2/4/8 are favorable. 
Note, single pole operation with controlled switching capa-
bility is not a unique selling proposition of hydro-
mechanical operating mechanisms. Spring operating mecha-
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nisms are suited for this special application as well but re-
sults showing predictable time consistencies are not reported 
in the literature so fare (for hydro-mechanical operating 
mechanisms see e.g. [26]). 
 
 
C. Triple pole operation at high energy level 

With the introduction of self blast interrupter technology in 
higher rated voltage levels (e.g. at 245kV) and for higher 
rated short circuit currents (e.g. ≥ 63kA) the required energy 
for single pole operation can be significantly reduced by a 
factor 2-4 compared to a puffer interrupter (e.g. 2kJ instead 
of 4kJ at 245kV, 50kA). Now the opportunity arises to use 
three individual low energy operating mechanisms for this 
application, e.g. spring operating mechanisms or hydro-
mechanical operating mechanisms of type HMB-1/2. In ad-
dition for high rated voltages triple pole operation with a 
further significant cost reduction potential is feasible now 
(as it is common since years up to 170kV). This would re-
quire operating mechanisms with an energy level of 6-8kJ 
(e.g. hydro-mechanical operating mechanisms of type 
HMB-4/8 or any other reliable and maintenance free tech-
nology). Note, market studies indicate, that alone for the 
mass market at 245/252kV approximately 70% of all appli-
cations can be delivered with triple pole operation (up to 
170kV the share is >95%). 
 
 

IV.  RELIABILITY COMPARISON 

Although a huge base of high voltage breaker equipment 
is installed worldwide, it is difficult to gather reliable reli-
ability figures. Hence, until today there is only the circuit 
breaker failure rate statistic according Cigré report avail-
able. This report was released 1994 and consider only fig-
ures until 1992. A differentiation was made with respect to 
classical pneumatic and hydraulic operating mechanism as 
well as for spring operating mechanism. Hydro-mechanical 
operating mechanisms neither belong to spring nor to hy-
draulic operating mechanisms. Typically they are consid-
ered to be hydraulic operating mechanisms, although the 
energy is stored in springs. Therefore the statistic is not very 
valuable for hydro-mechanical operating mechanisms. In 
addition, the first series of hydro-mechanical operating 
mechanisms was launched onto the market in 1986. Until 
1992 the population of hydro-mechanical operating mecha-
nisms was very low at that time compared to the huge 
amount of installed classical pneumatic-, hydraulic- and 
spring operating mechanism. The triumph of hydro-
mechanical operating mechanisms started end of the last 
century.  

Nevertheless, the results obtained in the Cigré statistic 
enables a good starting point for a continuative comparison 
of classical pneumatic-, hydraulic- and spring operating 
mechanism with the ABB internal failure statistic of hydro-
mechanical operating mechanisms. Figure 11 shows the 
results of the Cigré statistic (partitioned in minor and major 
failures) completed by the ABB internal failure statistic of 
hydro-mechanical operating mechanisms. For rated voltages 

< 200kV hydro-mechanical operating mechanisms of type 
HMB-1/2 and for rated voltages > 200kV hydro-mechanical 
operating mechanisms of type HMB-4/8 are considered. 
Note, due to the low amount of power electronics based 
operating mechanisms delivered until today it is not possible 
to gather reliability data for this kind of equipment. There-
fore this technology is not considered in the reliability com-
parison. 
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Fig. 11 Results of the Cigré statistic (partitioned in minor and major fail-
ures) completed by the ABB internal failure statistic of hydro-
mechanical operating mechanisms (HMB-1/2 for rated voltages < 
200kV and HMB-4/8 for rated voltages > 200kV) 

 
 

A consistent evaluation of the reported failure data for all 
operating mechanisms delivered since the year 2000 shows 
that the failure rates of the hydro-mechanical operating 
mechanisms for rated voltages <200 kV are well in the 
range of comparable spring type mechanisms in the CIGRÉ 
report. The failure rates are significantly lower than figures 
of the CIGRÉ report for rated voltages >200kV. 

The statistic shows good performance of spring operating 
mechanism technology. This is mainly caused by well estab-
lished spring operating mechanisms of the circuit breakers 
for rated voltages <200 kV compared to other technologies. 
For rated voltages > 200 kV it can be seen that the reliability 
of spring operating mechanisms is by far not as good as it is 
for < 200 kV. Major failures are higher compared to hydrau-
lic and pneumatic operating mechanisms and minor failures 
are equivalent to hydraulic operating mechanisms. It is al-
ready mentioned in the Cigré report, that “…the major and 
minor failure rate has a tendency to increase with higher 
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rated voltage for all kinds of operating mechanisms. This 
tendency is most obvious for spring operating mechanism.”  

This tendency may have changed within the last 15 years. 
It can be expected that the new upcoming Cigré report may 
address this issue. 

Note, although generator circuit breakers show low rated 
voltages (typically below 20kV), with respect to the failure 
statistic the figures for rated voltages > 200kV hold (energy 
level for operating mechanisms is in the range of 4-8kJ). 

 
 

V.  SUMMARY & CONCLUSION 

Within this paper a comprehensive comparison of differ-
ent technologies (operating mechanisms and interrupter) is 
presented. It contains a comparison of the state of the art 
technologies and reflecting the future market trend. 

The results obtained show that operating mechanisms 
with storage of energy in springs and energy transfer with a 
pure mechanical linkage or with a fluid seems to be most 
favorable for the future. Hereby it can be seen that at the 
lower end of the energy level standard spring operating 
mechanisms are preferably whereas for higher voltage levels 
and/or higher energy levels hydro-mechanical operating 
mechanisms with fluid energy transfer are more favorable. 
Special attention is paid on the 245/252/300kV mass market 
segment where the share of self blast interrupter will in-
crease in the next years furthermore (for higher rated volt-
ages later a series connection of self blast interrupters will 
take place). This will end up in new opportunities for manu-
factures to change the operating mechanism technology or 
to adapt the existing technology to the new requirements. To 
save significant product cost TPO will enter the 245kV mass 
market (as it is common up to 170kV). 
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