Effect of AC Ageing on Space Charge Evolution in XL PE
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Abstract: This paper reports on space charge dynami&mple details

in XLPE samples, which have been pre-stressed under

ac electric stress, when subjected to 3pkim dc The test samples were approximately 22@ thick
electric stress for 24 hours. The samples used for tiflsulk) made by the cable grade cross-linked
study were planar XLPE samples of ~ 22@ thick polyethylene (Borealis XL4201S). Semicon electrodes
aged under 30 ky/mm, 30 kVm,/mm and 60 k\i/mm  were hot press into the plaque sample at AD0for

at 50 Hz ac condition for 24 hours. In addition, th@bout 10 minutes on both sides. The electrodes were
experimerg were also extended to samples that wenmade of the same grade of polyethylene material, |put
pre-aged under 1 Hz and 10 Hz ac 3Qukvm for 24 were loaded with carbon black to increase its

hours. conductivity (Borealis LEO592). In order to remove
volatile by-products of crosslinking agent, all samples
Introduction were degassed in a vacuum oven at®@or 48 hours.

All samples were electrically aged for a duration of

Cross-linked polyethylene (XLPE) is widely used as a@4 hours at ambient in a Pulsed electroacoustic (PEA)
insulation medium for both ac and dc power cablesystem which is capable of measuring space charge
because of its high electrical resistivity, high intrinsiazinder ac electric stress at various frequencies [1]. The
electric breakdown strength and low dielectric losssamples were then stored in ambient temperature for
However, after prolong period of operation, theone month to allow accumulated charge to decay. The
insulating material can be degraded, causing insulati@geing conditions of the samples are listed in table 1.
breakdown at stress level well below the anticipated

values. Sample Pre-aged condition
Space charge measurement in XLPE under dc

electric field has been one of the most widely S1 None

investigated areas in dielectric material phenomena. It S2 AC 1 Hz at 30k\/mm

is believed that space charge is one of the main reasons

of premature failure of cable operating in dc condition. S3 AC 10 Hz at 30ky/mm

In recent years, the field of space pharge m.easure.ments Sa AC 50 Hz at 30ky/mm

has also been extended to insulating material subjected

to ac electric stress. However, understanding of space S5 AC 50 Hz at 30ky,dmm

pharge me;ghanism in dielectrics under ac electric st.ress 36 AC 50 Hz at 60Ky/mm

is often difficult as many factors such as the varying

amplitude of sinusoidal ac voltage, voltage reversal, Table 1. Sample details

charging injection/ extraction, charge trapping, material

degradation, etc, need to be considered. Experimental procedures

The study presented will mainly focus on the effect
of ac ageing on charge trapping characteristics in XLPEhe space charge measurement technique choosen for
To do that, space charge evolution in XLPE, which hd8is study is the PEA technique, the principle of which
been pre-aged under ac electric stress were subjectedstovell doucumented [2-3]. To summarise, acoustic
dc electric stress.  The samples used for this stugiyessure waves are produced when an electrical pulse,
were planar XLPE samples of ~ 22@n thick aged applied externally, interacts with charge layers at the
under 30 ky/mm, 30 kV,,/ymm and 60 kyi/mm at 50 electrodes and/or in the material. The pressure waves,
Hz ac condition for 24 hours. In addition, thewhich are proportional to the amount of charge in the
experiments were also carried out on samples that wefearge layers, are detected by a piezo-electric

pre-aged under 1 Hz and 10 Hz ac 30,kvim transducer.
conditions for 24 hours. A typical output signal from a PEA is shown in

figure 1.
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Figure 1. A typical PEA output signal

Figure 2. Results of rate rate experiment: (a) 181 &) S6

Space charge modifies the stresses at the interfaces

which in turn causes the entrance and exit peaks to
deviate from the extrapolated trend line. However, this
is not seen in figure 2 suggesting no space charge
formation in the bulk up to a stress level of 3Q¥wvim.

The r.r.e results of samples S2 to S5 are similar to that

of sample S1 and S6 and hence will not be shown in this

The peak between the cathode and anode is not (E%
f

to space charge but rather the frequency response o

er. While the results in this experiment suggest that
threshold voltage is not affected by ac ageing, but it

system. Deconvolution has to be employed 10 restojgqrth pointing out that this only holds true fopéied
the orignal signal [4]. Furthermore, due to the elastig aqs of 30 ky/mm and below. Further investigation
nature of polymer, pressure waves tend to attenuate 88deqyired before any firm conclusions can be drawn.

disperse as they transverse across the material

[4]- Figure 3 shows the space charge profiles (with

However, this is not taken into consideration in th%ltage applied) of samples S1to S 6 during ageing.
present study because its influence in thin sample is not

significant.

The threshold voltage at which space charg
initiates in each sample was determined by the ram
rate experiment (r.r.e). In this experiment, voltage wa
increased from 0 kV, at a voltage step of 1 kV every 3
secs interval, until a stress of level of 30;KMm was
reached. Space charge measurements were taken
every incremental voltage step. The final voltage whic
depends on the sample thickness is between the range
6 to 7 kV. The entrance and the exit peaks of th
measured output, which is proportional to the stress
the electrodes, were then plotted against the applig
voltage.

Immediately after the r.r.e, the sample was aged
30 kVg/mm for a duration of 24 hours. Space charge
profiles with voltage on were measured every 3(
mintues interval.

After 24 hours of ageing, the applied voltage wajs
removed and decay of charge trapped in the sample w
monitored for 2 hours. All experiments were conducte
under ambient temperature.

Results and discussion

The results of the r.r.e of samples S1 and S6 are sho
in Figure 2.
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Figure 3. Space charge profiles of samples S1 wWugfg ageing



It can be seen that no significant space charge ¢/ eo 60
be seen in all six samples at 0 hours, i.e. immediate I .
after the r.r.e. This is in agreement with the results
the r.r.e.

At 4 hours, charges of the same polarity, otherwis
known as homocharges, can be seen accumulating n
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In the case of sample S1, both positive and negati
homocharges continue to increase over the stress peri
On the other hand, samples S2 and S3 only sho
increase in positive homocharge with increasing stre
period, with the negative homocharge reaching it
maximum amount after 4 hours of ageing.
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It has been reported that packet charge formatig
may be caused by charge carrier generation under hi
electric field (above 100 kW¥mm), antioxidant owin ] B T TV
deteriorated by oxidation [5] and local ionization of 1 SMins A - SMins o
impurities through salvation by acetophenone [6]. Th b0 oio_od0 ad0 04 uso rem 010, gje 030 odo 050
samples used in this experiment, however, do nt-.
contain antioxidant and acetophenone is believed to be
largely removed after the degassing process while the
stress applied is much lower. Therefore, formation of The amount of positive and negative charges
packet charge is believed to be caused by the ac ageifgapped in sample S1 are almost equal as seen in figure
_ Careful comparison of samples S4, S5 and S | the case of sample S2, positive charge appears to
indicates that the time for packet charge formation ise more dominant, moving more towards the cathode.
dependent on the ac ageing conditions. From figure s effect is even more profound in samples S3 and S4.
packet charge only appear in sample S3 after 24 hoyffis is probably due to the difference in frequencies of
of ageing while it only took 12 hours in the case ofye pre-ageing ac stress they were subjected.
sample S5 and 4 hours for sample S6. It is noteworthy one way to explain this is at 1Hz, sample S2 was
that after it initiates, the packet charge tends to mowgpiected to 10 and 50 times less cycles of polarity
towards the cathode with ageing time as indicated hyyersal as compared to samples S3 and S4 respectively.

the arrows in figure 3. _ _ Therefore the effect of ac ageing experienced by S2 can
According to the findings reported in [7], positivepe viewed as much lesser comparatively.

charge packet can be observed only when the positive |ncreasing the ac stress level seems to enhance the
charge is the dominate carriers. Similar conclusion cafifects exhibited in samples S2 to S4. This is can be
be drawn by looking at figure 3, which shows thaiearly seen in the space charge profiles of samples S5
samples S4 to S6 are dominated by positive charge. {\g S6 in figures 3 and 4.
quick look at figure 4, which shows the space charge The space charge distributions of samples S4 to S6
profiles of all the samples with the applied voltag&hown in figure 4 indicate two peaks in the positive
removed after the 24 hours of ageing, further confirMgharge trapped in the bulk. This is not seen in samples
this. S1 to S3. The second peak as indicated by the arrow
appears to correspond to the packet charge seen in
figure 3.
The packet charge peak tends to be positioned
closer to cathode when the pre-ageing ac stress is higher.
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Figure 4. Space charge profiles of samples S1 t@afte6 ageing
ageing



This can be clearly seen by comparing the space charge As positive charge becomes more and more
of samples S4 to S6 in figure 4. dominant, positive packet charge was formed. These
The mechanism of which the packet charge formsere observed in samples that were pre-aged under 50
and move is believed to the same as reported in [7]. Hz ac. The formation and dynamics of the packet
summarise, positive charge injected from the anodsharge were explained.
moves towards the cathode under the influence of the Charge accumulated during dc stress period was
effective stres<, (X), given which can be described as:allowed to decay for two hours. It seems that ac ageing
results in the formation of deeper traps, particularly for

E (X) = E+E (X) (1) negative charge carriers.
€ a ¢ In conclusion, the frequency and the stress level of
_ i the ac ageing greatly affect the dynamics and trapping
where  E, = the applied stress and characteristics of space charge in the material.
E. (X) = the stress from space charge

distribution
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