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ABSTRACT 

The electrical infrastructure has now reached an average 

age of more than 40 years in industrialized countries. 

This high average age of electrical equipment leads to 

the question whether and how aging effects at electrical 

switchgear can be detected. In order to answer this ques-

tion, operationally aged switchgear were disassembled 

and in cooperation with the IPH Berlin systematically 

examined. Numerous aging effects were detectable. The 

analysis of the results leads to insights that are important 

for the design, the maintenance, the useful life and the 

design of technical standards.  

INTRODUCTION 

The distribution grids have become a distributed power 
plant and "collect" the distributed regenerative energy. 
While renewable electrical generation systems are 
equipped with new switchgear, the distribution of electri-
cal energy is carried out with already existing switch-
gears. The compulsion to reduce costs led to optimized 
utilizations of the switchgear. The latter means that the 
mean age of switchgear is over 40 years now and is still 
increasing. Therefore it is obvious to deal with multiple 
physical aging effects on switchgear and to question the 
still existing physical properties. In order to be able to 
answer this question, operational aged switchgear were 
investigated in cooperation with the IPH Institut "Prüffeld 
für elektrische Hochleistungsprüfungen" GmbH – CESI 
group. 

OPERATIONAL AGED SWITCHGEAR 

Investigation results on the aging of operational aged 
electrical equipment can be found in some literature, 
which are mostly limited to equipment with rated volt-
ages ≧ 110 kV [1, 2]. The effects caused by aging were 
often documented by the evaluation of asset management 
maintenance and maintenance records and assigned to 
specific assets [1, 2, 4]. Extensive scientific literature can 
be found to physical aging effects on individual (model) 
arrangements. It should be noted, however, that the "con-
version" of artificial aging under more severe conditions 
to real aging is generally not possible [6, 7]. Therefore, 
the idea was developed to investigate operational aged 
switchgear in detail, because here a multiple physical 
aging process took place under real environmental condi-
tions. Table 1 describes the investigated switchgear. 
The first switchgear was used within the supply infra-
structure of a Berlin hospital. 

Table 1: Examined medium voltage switchgear 

The second switchgear had been in operation since 1967 
and last used in a waste disposal company. The starting 
points for the investigations were questions such as: 
- Which aging effects can be detected by simple optical 
inspection? 
- Are the properties changing so that future operational 
safety could be endangered? 
- Can aged, existing switchgear units meet newer re-
quirements through taking retrofit measures? 
- Are there gaps in current standards that need to be 
closed by lessons learned? 

INVESTIGATIONS 

Dismantling- first optical analyzes  

The switchgear have been optically examined prior dis-
mantling already by the HTW staff. For this purpose, the 
resistance values of the main current paths as well as the 
torques of the screw connections were measured before 
disassembly. The transport and reconstruction of the 
switchgear in the test institute were carried out in such a 
way that only a few interventions on the aged switchgear 
were necessary to ensure the lowest possible changes in 
the switchgear. Already the resistance measurement of 
the main current paths showed already during the disman-
tling clear deviations per phase. This was due to different 

 1. switchgear 2. switchgear 

Manufacturer ESK Hoppe 
Berlin 

VEB Starkstrom 
Anlagenbau 

Type MSK31 CSI 10/250 Erfurt 

Year of manufacture 1992 1967 

Degree of protection IP 40 IP 30 

Operating voltage 3 / E / 12 kV 3 / 10 kV 

Rated peak withstand 
current 

40 kA 38 kA 

Rated short-time 
withstand current 

16 kA 1 s 15 kA 1 s 

Rated short-duration 
power frequency 
withstand voltage 

28 kV 28 kV/45 kV* 

Rated impulse with-
stand voltage 

75 kV 60 kV/85 kV* 

Standards DIN VDE 0101 / 
DIN VDE 0670 
Teil 6 PEHLA-
guideline 4 

TGL 26055 [11], 
TGL 26469 [12] 
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torques of the screw connections in the current paths. It 
had been determined screw points, which were only des-
ignated as "hand-tight". 

Optical inspections at the operational aged 

switchgear in the testing institute 

Optical inspections at the switchgear MSK 31 

At switchgear 1 concentrated dust deposits were found at 
the busbar bushings. Although the rest of the switchgear 
had no appreciable dust deposits. When removing the 
busbars, copper patina was associated with the marking 
of the bushing (Fig. 1). The later dielectric investigations 
revealed traces of partial discharges both on the busbar 
and on the insulating body of the bushing (Fig. 2). 

Optical inspection at the switchgear CSI 

The screwing of the back panels was partially attacked by 
corrosion that washers rusted away. Loose screws could 
be found on the drive rods on both switch-fuse combina-
tions. This is noteworthy because the feed-in and meter-
ing fields were maintained by the grid operator and the 
outgoing feeder by the plant operator. On the doors of the 
switchgear were signed stickers of the companies, which 
confirmed the timely maintenance. 
When replacing the switch-fuse combination in switch-
gear 2 in 1979, the spring discs were installed the wrong 
way round, which led to a displacement of aluminium at 
the busbar holes. In addition, copper and aluminium bus-
bars were bolted directly together. The ceramic supports 
showed massive dust deposits in the area of the busbar as 
well as approaches to the formation of creeping marks. 

Dielectric investigations 

Determination of the impulse withstand voltage at 

switchgear MSK 31 

Switchgear 1 showed at phase C in field 1 at phase A 
flashovers at a value of -74 kV and 68 kV. The flashovers 
took place in the vicinity of the bushings. The reason for 
the failure was the design. Square busbars in conjunction 
with the bolts of the busbar connection in the immediate 
vicinity of the bushings and the edges of the plates in the 
area of the bushings were an unfavourable constellation 
for the electric field (Fig. 3). Further flashovers revealed 
weak spots caused by sharp edges of copper bars near the 
circuit breaker and a door-ground strap laid to close to a 
phase conductor. 
 
Determination of the impulse withstand voltage at 

switchgear CSI 

Switchgear 2 passed the withstand voltage test at 85 kV 
[11] across the isolators and 60 kV for the insulation 
between conductors, conductors and grounded housing. 
The required impulse withstand voltage values according 
to DIN EN 62271-200 with ± 75 kV were also main-
tained despite contamination. Decisive for achieving the 
required impulse withstand voltage values were the large 
distances between the electrode geometries. 
 
Determination of the short time alternating voltage 

Both switchgear systems were able to meet the required 
withstand voltage according to DIN EN 62271-200 [9]. 
 
Measurement of partial discharges 

In the MSK31 switchgear, the bushings and the fused 
switch-disconnectors were identified as partial discharge 
sources. The rectangular busbars had a slight air gap in 
the bushings, initiated here partial discharges. The effect 
of the partial discharges can be seen in Figure 1 on the 
basis of the discoloration of the copper and in the bushing 
through a white coating in Figure 2. The inception volt-
age was 15.6 kV, the exception voltage at 13.2 kV with 
apparent charges of up to 4 nC measured in the ring 
feeder 1. The measured apparent charges decreased sig-
nificantly after all fused-switch-disconnectors were 
opened. The CSI switchgear also showed partial dis-
charges from an inception voltage of 10 kV without con-
nected current transformers. The inception voltage was 
determined to be 9.2 kV. Apparent charges of up to 750 
pF occurred in field 4 (transfer field) at phase C. One 
reason for this was the strong surface contamination of 
the insulators (Fig. 4). Although cleaning the insulators 
significantly reduced the apparent charge level, it did not 
reduce the level of pd inception voltage. The post insula-
tors were obviously not cleaned, as they were accessible 
only by dismantling the switchgear. Pinched aluminium 
painted bus bars and sharp edges on the busbars were 
located as further partial discharge sources. 
The partial discharge measurements on both switchgear 
showed that undisturbed operating voltage of  

 

Fig. 1: Switchgear 1 – busbar with dust deposits and 
copper patina 

 
Fig. 2: View inside the bushing of the busbar with partial 
discharge traces 
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Un/√3 = 10 kV/√3 did not cause the occurrence of partial 
discharges. Although the partial discharge inception volt-
age of the current transformer of the 2nd switchgear with 
6.8 kV was not significantly above the operating voltage 
Un = 10 kV/√3 of the grid. 
 
Short time current and impulse current, making and 

breaking current  

In addition to the dielectric tests short-time current and 
short-circuit making and breaking tests with correspond-
ing test sequences have been carried out. Separate tests of 
the switch-disconnector and fuse switch-disconnector 
were initially dispensed with. The test currents were 
successively increased from 30% to 100% of the rated 
short-circuit current, since the existing mechanical 
strength and thermal properties were not known due to 
the aging effects that had occurred. The maximum short-
circuit current was the possible short-circuit current 
specified at the grid connection point by the grid opera-
tor. It was important to note that the short circuit current 
values specified by the grid operator at the connection 
point of the switchgear were changed over the decades to 
larger values. While the thermally equivalent short-circuit 
current with 14 kA 1s was given up to 1990, this value 
increased from 1990 to 16 kA 1s. A further increase was 
specified starting in 2015 with a short-circuit current of 
20 kA 1s. 
 
Short time current and impulse short circuit current 

at the CSI switchgear 

The short time current tests carried were out in increased 
steps starting at 5 kA, 10 kA, 12.5 kA and a current flow 
time of 0.1 s up to the maximum rated short-circuit cur-
rent of the switchgear of 15 kA at 1s. The SCI1-10 / 
630/250-MAA oil-filled circuit-breaker from the year of 
construction 1967 successfully passed all making and 
breaking tests in accordance with DIN EN 62271-100 
[10]. However, the circuit breaker blew off the oil surplus 
by deleting the switching arc and the associated expan-
sion of the oil in the switching chamber and thus con-
taminated the switchgear. The test with a short circuit 
current of Ik3p = 10.4 kA, 0.1s current flow duration and 
with an impulse current amplitude of ip3pL3 = 20.4 kA led 
to the melting of the lower contact of the phase B of the 
withdrawable unit. Figure 5 shows the molten contact of 
phase B. The cause was a lack of contact force. This 
short-circuit current was significantly smaller than the  
16 kA short-circuit current defined at the grid connection 

point and, with a current flow duration of 0.1s, was on the 
order of magnitude of the time of a protective shutdown. 
If this damage had now occurred in the course of regular 
operation of the switchgear, the contact resistance of the 
current path would have increased considerably. A sig-
nificant increase in temperature at the contact point 
would have been expected with the flow of the operating 
current. How then could a determination of the tempera-
ture rise at the contact take place? When would you no-
tice the physical change of the contact? What would have 
happened if a short-circuit current in the order of magni-
tude of the rated data of the switchgear had occurred in 
reality? Due to the damage occurring at the contact of the 
phase B of the withdrawable unit, it was necessary to 
change the phase to be loaded at the highest. A further 
short-circuit current test on phase C resulted in a maxi-
mum short-circuit current load of Ik3p = 14.8 kA at a cur-
rent flow time of 1s (nominal data of the switchgear) and 
a maximum impulse current of ip3p = 39.4 kA destroyed 
the upper contact of phase C at the withdrawable unit. 
This was due to the high lateral tolerance in the guide 
rails. The withdrawable unit could move transversely, as 
well as the non-functioning mechanical locking of the 
bent locking rail. 

 
Short-time current and peak withstand current tests 

of the MSK31 switchgear 

This switchgear was also gradually loaded with increas-
ing short-circuit currents. The short-circuit current and 
the short-circuit duration were gradually increased start-
ing from 50% (Ik3p = 8 kA) and 0.1s current flow time 
over 12 kA, 0.1s and 12 kA, 1 s up to the rated value of 
the switchgear in three stages. Here, too, damages were 
already apparent before the rated values of the switchgear 

 
Fig. 3: Switchgear 1 – flash-over at phase A at -74 kV 

 
Fig. 4: Polluted post insulator of the busbar 

 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Melted phase B contact, short circuit current Ik3p 
10 kA, 0.1 s, ip3p = 20.4 kA 
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were reached. As a result of the current forces, the busbar 
of phase B was shifted in the passage (Fig. 6). It formed a 
small air gap between busbar and bushing
At the circuit-breaker, the insulating body already broke 
at short-circuit current level of 16 kA (rated value) with a 
short-circuit duration of only 0.1s, which was well below 
the rated value of the current-carrying capacity of the 
switchgear and the circuit breaker (Figure 7).

Internal arcing 

The investigations into the behaviour of internal faul
(arc fault test) were carried out in favour 
to make video recordings without indicators. Neverth
less, none of the switchgear passed this test. In both 
switchgear doors or flaps opened. This is particularly 
noteworthy since the MSK 31 switchgear was tested in 
accordance with PHELA guideline no. 4 and accordingly 
classified as spurious-arc-proof. The opening of the 
dampers and doors, however, is not due to aging effects, 
but the design and execution of the locking of the doors 
(CSI) or the use of plastic locks (MSK 31) on the circuit
breaker doors are the cause. In addition, it must generally 
be taken into account that a test with regard to internal 
faults in switchgear has no statistical significance, since 
in the minimum only one test may be sufficient to pass 
the type test requirements. Another aspect is the short
circuit current carrying capacity required by the 
operator with 20 kA since 2015. The tests carried out 
showed that both switchgear systems could not withstand 
the loads with rated data. In the end, would it not then be 
necessary to replace the aged inventory assets?

 
Fig. 6: Shifted busbar phase B, Ik3p = 16.2 kA, 1 s, i
= 23.9 kA 

 
Fig. 7: Broken insulating material on the circuit breaker 
phase B, Ik3p = 16.2 kA, 1s, ip3pB = 23.9 kA
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dampers and doors, however, is not due to aging effects, 
but the design and execution of the locking of the doors 

the use of plastic locks (MSK 31) on the circuit-
breaker doors are the cause. In addition, it must generally 
be taken into account that a test with regard to internal 
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operator with 20 kA since 2015. The tests carried out 

that both switchgear systems could not withstand 
with rated data. In the end, would it not then be 

necessary to replace the aged inventory assets? 

EVALUATION OF THE RE

Effect of maintenance and servicing

All tested switchgear have received proper maintenance 
and service either from service providers or from the grid 
operator. Deficiencies that were already present by the 
design or emerged during the commissioning of the 
switchgear were also not recognized or eliminated by 
regular maintenance. 
In the investigated systems, the very different operating 
concepts and the switching interlocks could only be re
ognized with some consideration. The forces to be a
plied for switching operations were also very different. 
The CSI switchgear obviously had such high forces a
plied at earlier times that the guide rail was bent and the 
mechanical lock for the drawer stopped working. The 
electrical interlock still worked and released the circuit 
breaker. This results in the normative requirement to 
provide a specification for the testing of mechanical inte
locks and to verify that they are 
clic intervals. Likewise, a visib
dling of the switching and locking should be attached to 
the switchgear. For service providers in the area of mai
tenance and servicing, working
there is a risk of mistreatment in handling a wide variety 
of operating concepts due to a lack of experience and 
handling of various switchgear combinations.

Addition of standards 

The current standards do not take into account the mea
while high and increasing service life of switchgear over 
a period of more than 30 years. In particular, a change in 
use or a conversion of the switchgear is to be expected 
over such periods, especially in the industrial network 
area, which is considered to be customary and therefore 
normatively not currently considered.
According to the current understanding of standards, type 
tests would no longer be valid after a change to a tested 
switchgear, which would result in far
sequences and liability issues in the event of damage
This raises the question of whether exist
meet real-world situations and usage requirements.
A hazard analysis by the plant operator would have to 
take into account the fact that the short
change over time. In view of the aging plastic insulating 
components and the insufficient mechanical strength
would no longer be expected, lead to replacement of the 
switchgear. A discussion about the costs would be pre
programmed. In addition, the grid operator would be 
obliged to automatically inform plant operators about 
changed physical limits. 

Retrofit of switchgear 

The term retrofit is often understood in con
switchgear as replacement of the circuit breaker on the 
basis of no longer available spare parts
performance tests with the service
and the rated data of the switchgear alone would not 

= 16.2 kA, 1 s, ip3pB2 

Broken insulating material on the circuit breaker 
= 23.9 kA 
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EVALUATION OF THE RESULTS 

Effect of maintenance and servicing 

have received proper maintenance 
and service either from service providers or from the grid 
operator. Deficiencies that were already present by the 
design or emerged during the commissioning of the 
switchgear were also not recognized or eliminated by 

In the investigated systems, the very different operating 
concepts and the switching interlocks could only be rec-

ideration. The forces to be ap-
plied for switching operations were also very different. 
The CSI switchgear obviously had such high forces ap-
plied at earlier times that the guide rail was bent and the 
mechanical lock for the drawer stopped working. The 

rical interlock still worked and released the circuit 
breaker. This results in the normative requirement to 
provide a specification for the testing of mechanical inter-
locks and to verify that they are working properly at cy-
clic intervals. Likewise, a visible instruction for the han-
dling of the switching and locking should be attached to 
the switchgear. For service providers in the area of main-

ing with changing personnel, 
there is a risk of mistreatment in handling a wide variety 

f operating concepts due to a lack of experience and 
handling of various switchgear combinations. 

The current standards do not take into account the mean-
while high and increasing service life of switchgear over 

30 years. In particular, a change in 
use or a conversion of the switchgear is to be expected 
over such periods, especially in the industrial network 
area, which is considered to be customary and therefore 
normatively not currently considered. 

the current understanding of standards, type 
tests would no longer be valid after a change to a tested 
switchgear, which would result in far-reaching legal con-
sequences and liability issues in the event of damages. 
This raises the question of whether existing standards 

world situations and usage requirements. 
A hazard analysis by the plant operator would have to 
take into account the fact that the short-circuit currents 

n view of the aging plastic insulating 
nsufficient mechanical strength, that 

would no longer be expected, lead to replacement of the 
switchgear. A discussion about the costs would be pre-

In addition, the grid operator would be 
obliged to automatically inform plant operators about 

The term retrofit is often understood in conjunction with 
switchgear as replacement of the circuit breaker on the 
basis of no longer available spare parts [4]. The switching 
performance tests with the service-aged circuit-breakers 
and the rated data of the switchgear alone would not 
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justify the replacement as part of a retrofit. Switching 
times and capacity corresponded to the original rated data 
of the circuit breaker. Much more meaningful would be 
the increasing short-circuit currents coming from the 
network. Discussions currently exist regarding the risk of 
electric arcs in the operation of electrical systems. The 
hazard analysis forces us here to act with regard to the 
occurrence of toxic gases, bang, flash of light, etc., and 
an imminent loss of production with high consequential 
costs. These hazards are currently not considered in the 
electrotechnical standards. Currently, standardization 
committees are engaged in activities for the introduction 
of standards for the equipment of switchgear with arc-
detecting and rapidly switching-off facilities. With the 
present test results and the determined mechanical 
strengths of operational-aged switchgear, the meaning-
fulness of the retrofitting or retrofitting with quick-
disconnecting equipment must be negated. Rather, the 
problem arises that broken plastic insulation material 
could lead to the emergence of partial discharges with 
corresponding late effects. Simply the broken plastic 
insulation materials, due to the complex structure of the 
switchgear, are not recognized. As a rule, after a retrofit 
measure, no short-term current tests are carried out on 
existing systems that prove the mechanical and thermal 
stability of the systems. 

Summary 

The dielectric investigations showed that the required 
impulse withstand voltages were not reached at the time 
of switchgear construction, during initial commissioning 
and due to design conditions. Mounting shortages during 
the construction of the switchgear on site are another 
cause.  
In the 50-year-old CSI switchgear, as far as the current 
transformers are disregarded, due to the used materials, 
the partial discharges cannot be classified as harmful and 
do not lead to a degradation associated with the risk of a 
subsequent system failure. In contrast, this is not the case 
with the much younger MSK 31 switchgear through the 
use of plastic insulation material. 
The short-term current tests caused damage to all switch-
gear. Particularly noteworthy is the fact that these dam-
ages occurred at short-circuit current values lower than 
the nominal short-circuit current defined at the grid con-
nection point of the switchgear. The recent MSK 31 
switchgear suffered damage due to mechanical overload-
ing of plastic insulating components due to aging and 
design defects. The damage to the old CSI switchgear 
was due to design, poor service and aged movable con-
tacts. The damages, that have occurred here, would have 
been avoidable by attentive and complete maintenance 
and inspections. 
An aging of the circuit breakers in terms of switching 
capacity was not detectable. In essence, this was due to 
the low number of operations during the life of the 
switchgear and their use. The regular maintenance and 
servicing carried out according to legal regulations does 

not lead to a reduction of defects or identified shortcom-
ings.  
Particularly in the case of retrofit measures on existing 
systems, many tests carried out in the laboratory can not 
longer be realized at the installation site of the switch-
gear. It must be taken into account that especially testing 
for heating, impulse voltage or mechanical strength under 
current loads won´t be performed at site.  
Thus, after a retrofit the state of the switchgear is not 
clearly defined. Based on the test results, both switchgear 
should be replaced regardless of their age. For the opera-
tors of the switchgear, the examination results available 
to date make it necessary to reconsider your test methods 
with regard to maintenance and servicing, whether they 
check and prove all important physical properties of the 
switchgear. There are clear gaps in the area of standards, 
which are especially envisaged for switchgear for decades 
of use. 
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