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BUSHINGS

ABSTRACT

On observation of deterioration of tan-6
valueto1.02%,i.e.,surpassingthelimiting
value of 0.7 %, as defined in IEC 60137,
of the 420 kV OIP bushing of BHELs
design installed on the Y phase (RYB
convention, i.e., 1V in UVW convention)
of the 315 MVA, 400 / 220 / 33 kV
transformer No. 1 located at the 400 kV
substation Katni of the Madhya Pradesh
Power Transmission Co. Ltd (India), a
decision was taken to replace the said
bushing in order to eliminate the threat
of its failing. This in turn would have
caused a catastrophic failure of the
transformer. Such catastrophic failure
would result in a colossal loss, causing
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system disturbance, loss of equipment
and structures, as well as a loss of
revenue to the utility.

In the absence of a BHELs design 420
kV draw-lead type bushing, as was
the existing one, there was no other
option but to use the available 420 kV
draw-rod type TELK bushing at the
site. Since the manufacturers had
shown their inability to depute any
service personnel due to the Covid-19
pandemic in May 2020, the challenge
was accepted by the engineers of the
MP Power Transmission Company Ltd.,
who successfully completed the job
with limited resources and in record
time, and put the transformer back into
service.
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1. In-house bushing
replacement - addressed
challenges

The essentiality of grid constraints had
called for retrofitting of the 420 kV bush-
ing and expeditious putting the trans-
former back into service.

There was no other option but to insert
a TELKS design bushing through the
turret with a stress shield of a different
shape very accurately and precisely with-
out damaging the bushing stress shield
and the turret current transformer, con-
trary to the procedure laid down by the
OEM [6].

Keeping in view our previous experiences
of the transformer tripping on a harmonic
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The OIP bushing is designed with multiple
layers of grading condensers wound concen-
trically over the central tube of the bushing,
using alternate layers of aluminium foil and

the kraft paper

restrain setting of 12 % after taking static
winding resistances (a DC test), the deci-
sion was taken to lower down the 2nd har-
monic restrain setting from 12 % to 10 %,
and then the 315 MVA, 400/220/33 kV
transformer No. 1 (BHELs design) was
successfully energised. This decision was

Oval-shaped stress
shield of the BHEL
bushing

taken to avoid any confusion of mal trip-
ping attributed to retrofitting of the OIP
bushing.

Fig. 1 shows the removal of the 420 kV
BHEL bushing with the help of a Hydra
crane.

Figure 1. The process of removing the 420 kV BHEL bushing with the Hydra crane.
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Ripped-off cotton
tape insulation
Blackened
draw lead
Blackened metallic
portion of the draw
lead's oil-end clamp
Bushing CTs
Lead joint

Figure 2. 420 kV BHEL bushing's draw lead after being detached from the OIP bushing's
hollow shell is held at the turret edge of 1V phase of 315 MVA, 400/220 kV/33 kV
transformer no. 2.

It can be observed in the
figure that:

(1) Charred and brittled crape
paper and cotton tape wrap-
ping indicate excessive heat-
ing of the draw lead.

(2) Bulging of strands indi-
cate improper twisting of the
strands, resulting in heating
of peripheral strand due to
skin effect.

(3) Excessive heating has
been substantiated by
POWERGRID lab's analysis
(dated 11 May 2018) of DGA as
fault of > 700 °C (T3 category
as per [EC 60599 - 1999).

Figure 3. Charred and brittle crape paper and cotton tape, and bulged strands of draw-
lead of 1V phase of 420 kV OIP BHEL bushing removed from the 1V phase of BHEL
design 315 MVA,400/220/33 kV transformer No. 2.

POWERGRID oil test lab's DGA report analysis
(dated 11 May 2018): thermal fault >700 °C
(T3 category as per IEC 60599 — 1999)

Bulging of the conductor

Charring and ripping off of the
paper and cotton tape insulation

Figure 4. Depicts bulging of the strands, charred and ripped-off condition of cotton tape
and the crape paper strips of the draw-lead of 1V phase 420 kV OIP BHEL bushing of the
BHEL 315 MVA, 400/220/33 kV transformer No. 1.

Measurement of the
tan & of the bushing
showed 1.02 %, while
the maximum allowed
value as per IEC 60137
is 0.7 %, and there was
no significant change
in its capacitance value

2. Probable cause of
deterioration in tan § value in
the instant case

In this bushing, a higher tan § value
(1.02 %) was measured without significant
change in its capacitance value. IR value
recorded on 15 May 2020 of primary to
tan § point was recorded on the lower side
(11.2 GQ) as compared to its initial IR val-
ue of 56 GQ) recorded on 25 March 2010.
These results indicated deterioration, age-
ing or contamination of insulation.

After removal of the draw-lead type con-
ductor of the deteriorated 420 kV BHEL
bushing, a careful examination was car-
ried out. A thermal heating was confirmed
on the following grounds:

a. DGA test reports of the oil samples of
the main tank are tabulated in the Ta-
ble 1 and Table 2, which depicts key
gas ratios and existence of CO and CO:
in ppm. Analyses of these parameters
have been used as diagnostic tools.

b. Looking at the Fig 2, 3 and 4, the root
cause appears to be heating of the bulged
peripheral strands due to a skin effect
over a certain period. It appears that the
bulging of strands must have taken place
during erection / installation of the 420 kV
OIP bushing of 1 V phase of 315 MVA
400/220/33 kV BHEL transtormer No. 1.

¢. Thermal fault of > 700 °C (T3), IEC:
60599 [2], as per DGA analysis by
POWERGRID: oil test lab, Itarsi, re-
port dated 11 May 2018 [3] on trans-
former main tank oil, substantiates the
overheating of the draw lead.

Note: Considering the arguments stated
above from (a) to (c), it is firmly inferred
that the value of tan & has deteriorated
due to the heating of the draw-lead of the
420 kV OIP bushing of 1 V phase of the
BHEL transformer no. 1.
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Table 1. DGA test reports

Dissolved gas analysis
Test method IEC 60567; test lab: POWERGRID, Itarsi, (M.P.)
Reference standard: IEEE C57.104-2008
Gas contents Unit Measured value
19. 4.2018 8.5.2018 16. 6. 2018
Total gas content % 8.50 8.57 10.37
Nitrogen (Nz2) % 6.37 6.46 7.91
Oxygen (O2) % 1.44 1.36 1.68
Hydrogen (Hz) ppm 21 24 25
Methane (CHa) ppm 73 77 76
Ethylene (C2Ha4) ppm 257 265 270
Ethane (C2Hs) ppm 29 29 31
Acetylene (C2H2) ppm 21 2.3 1.3
Carbon monoxide (CO) ppm 586 630 673
Carbon dioxide (COz2) ppm 6116 6392 6719

Table 2. Following ratios of key gases, CO and CO- are used as diagnostic tools [4]

Date of sample Ratios of key gases and CO and CO: Remarks
CHa/H: C2H4/CaHs
19.4. 2018 73/21 257/29
High ratios of CHa4 to H2
8.5.2018 77/24 265/29 and CzHa to CzHe indicate a
developing thermal fault.
16. 6. 2018 76/25 270/31
C2H2/CaH4
19.4.2018 2.1/257 Approaching a very low value
Suggests the possibility of
8.5.2018 2.3/265 -do- a high-temperature thermal
fault.
16. 6. 2018 1.3/270 -do-
CO CO:2
19.4. 2018 586 ppm 6116 ppm High levels of carbon oxides
(636 ppm of CO and 6392
8.5.2018 636 ppm 6392 ppm ppm of COz) indicate that the
thermal fault in the paper is
16. 6. 2018 673 ppm 6719 ppm causing its pyrolysis.*

*Note: Pyrolysis is defined as a thermo-chemical decomposition of organic matter into non-condensable gases, condensable
liquids and solid residual co-products, biochar or charcoal in an inert environment (i.e., in the absence of oxygen). The amount
of non-condensable gas (CO2, CO, H2 & CH4) increases with temperature.

www.transformers-magazine.com 115



Previous test results were verified from the
records and it was found that the tan 6 val-
ue of the bushing was showing an increas-

ing trend

3. Retrofitting / replacement
activities

3.1 Process carried out prior to
declaring the bushing defective

During periodic maintenance on
15 May 2020, tan § value on 400 kV
Y-phase (1 V) bushing of 315 MVA
BHELs transformer was found to have
increased to 1.02 %, which is higher than
the maximum limit value of 0.7 %.

Previous test results were verified from the
record and it was found that tan 6 value of
the said bushing was showing an increas-
ing trend, as stated in Table 3.

Thorough cleaning of porcelain was done
and the test-tap (tan §) point was also
cleaned with acetone solvent. After that,
tan § measurement was carried out again,
but no improvement in the value thereof
was observed.

Table 3. Tan 3 and capacitance values

In order to rule out any possibility of de-
terioration in the test socket epoxy insu-
lation, attributing to deterioration of the
insulation of the OIP bushing insulation,
the test socket was subjected to uniform
heat produced by a conventional 100 W
filament bulb hung near the test socket for
about 16 hours. Also, despite this process,
no improvement was found in the tan &
value.

Measurement of IR value, from the 400 kV
terminal to the tan § point (test terminal)
was carried out and found remarkably low
on 15 March 2020: 11.2 GQ as compared
to the IR value of 56 G() recorded on the
25 March 2010, whereas IR value of tan 6
point to earth was found in order.

It was therefore obvious that the defect
was in the C1 part of the bushing insula-
tion, which was very hazardous if ignored.
Therefore, the issue was reported to high-
er authorities of our Power Transmission
Utility.

3.2 Decision for replacement

Looking to the alarming deterioration of
the tan § value to 1.02 % of the 1 V phase,
420 kV OIP bushing of 315 MVA BHEIs
transformer, much beyond the limiting val-
ue of 0.7 % (as per IEC:60137), the decision
to replace it was taken by the Chief Engineer
(Testing & Communication), MPPTCL.

3.3 Non-availability of a BHEL
bushing

Spare 420 kV OIP draw lead type bushing
of BHELS design was neither available at
the site nor inany of the stores of the Trans-
mission Utility. However, in lieu thereof
it was decided to use a spare 420 kV OIP
draw-rod type bushing of TELKs design
that was available at the site.

3.4 Verification of dimensions of
the available 420 kV OIP bushing
designed by TELK

With reference to the Fig. 5, relevant di-
mensions of TELK’ design OIP bushing
were compared with the defective 420 kV
BHEL OIP bushing,

Itis worth mentioning here that both 420 kV
OIP bushings had 12 tightening holes.

Date of Test voltage Value of tan 3 CEPECENEE Oil temperature Remarks
measurement recorded recorded
25 Mar 2010 5kV 0.20 % 423.78 pF 40.0 °C During
commissioning
13 Mar 2016 10 kV 0.15 % 426.3 pF 422°C Routine
maintenance
15 Sep 2016 10 kV 0.23 % 421.71 pF 30.9°C Routine
maintenance
20 Sep 2018 10 kV 0.42 % 420.87 pF 32.6°C Routine
maintenance
. . . . Non-availability of
2019 Not available Not available Not available Not available
shut down
15 May 2020 10 kV 1.02 % 419.67 pF 35.0 °C Routine
maintenance

*Note: Due to non-availability of the shutdown in 2019, tan & could not be measured.
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Spare 420 kV OIP draw
lead type bushing was
neither available at the
site nor in any of the
stores of the Trans-
mission Utility, so the
decision was taken
to use the available
420 kV OIP draw-rod
type bushing

3.5 Challenges

It is evident from Table 5 that there are
some differences in the dimensions, such
as in the BCT diameter D2, physical size
and physical shape of the stress shield.

T 1 [] L5
v -
L3 ]_I_
\l Important dimesions of the OIP bushings:
L1: Length between the top and the bottom of
L1 L4 the flange.

L2: Length between the bottom seat of the
flange and the bottom of the oil-end stress
shield.

L6: Length of the metallic cylinder encircled by
the bushing CTs.

D2: Diameter of the metallic portion encircled

‘ c : by the bushing CTs.
L6 |& D2 - D6: Maximum diameter of the oil-end stress
i shield.
L2
( J Stress shield
l- D6

Figure 5. OIP bushing dimensions (in erect position) as per IS: 12676-1989 [5]

The installation of a draw-rod type bushing compared with the
installation of a draw-lead type bushing is more complicated,
especially in an oil-filled tank

Table 4. The dimensions of 420 kV bushings

Manufacturer BHEL TELK

Type Draw-lead type Draw-rod type

L1 4050 +/- 10 mm 4195 +/- 15 mm

L2 1640 +/- 5 mm 1640 +/- 10 mm
Flange diameter 720 mm 720 mm
PCD* 660 mm 660 mm
BCT diameter D2** 340 mm 350 mm
Space for BCT (length) L6 400 mm 400 mm
Stress shield physical size Small Larger

Stress shield physical shape Oval Cylindrical

Note:
*PCD is abbreviation of pitch centre diameter.

**BCT is the abbreviation of the bushing current transformer. The location of the bushing CTs may be seen in Fig. 2.
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Table 5. Differences in the dimensions of 420
kV bushings

BCT
diameter
D2

340 mm 350 mm

Stress
shield
physical
size

small larger

Stress
shield
physical
shape

oval cylindrical

Looking to the differences in vital dimen-
sions, it was a challenge to use the 420 kV
OIP bushing (draw-rod type bushing) of
TELKSs design in place of the 420 kV OIP
bushing (draw lead type bushing) made
by BHEL. It may be worth mentioning
that the installation of a draw-rod type

The installation of a draw-rod type bushing
compared with the installation of a draw-
lead type bushing is more complicated, es-
pecially in an oil-filled tank

bushing compared with the installation
of a draw-lead type bushing is more com-
plicated, especially in an oil-filled tank.
The challenge was accepted by the engi-
neers of MPPTCL under the leadership
of R. K. Agrawal, E. E. (Testing Dn-II),
MPPTCL Jabalpur, to guide R. K. Gupta,
E. E.,, Testing Division Katni, and his team,
without the help or support of either the
transformer OEMs or the bushing OEMs.

As the same type / make bushing was not
available in the field and we had to replace

Figure 6. Types of bushings used in conventional transformers

Figure 7. Draw-rod of the 420 kV TELK OIP bushing
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the bushing without completely draining
the oil from the transformer tank, thus
shortening the outage period. Luckily,
the stress shield diameter of the available
bushing was the same as that of the exist-
ing bushing. It greatly helped us in replac-
ing the bushing without completely drain-
ing the tank oil and without damaging
the turret CT or stress shield itself. Fig. 7
shows the draw-rod of the 420 kV TELK
OIP bushing.

i The draw-rod was thoroughly cleaned
with acetone.

ii. Thorough cleaning of the existing
TELKS design spare bushing was done
and was held in vertical position for a
period of 24 hours with the support
of a locally fabricated structure facil-
itating the settling down of oil in the
bushing. Then the measurements of
tan §, capacitance and IR values were
carried out and found to be in order.
The test results were as shown below:
At an ambient temp of 37 °C;
tan § = 0.2739 %, Cap = 386.11 pF and
IR value = 3.197 GQ

ii. For replacing the 420 kV BHEILs de-
sign draw-lead type bushing by with a
TELK's design draw-rod type bushing,
a 10,000-litre oil storage tank, oil filtra-
tion plant, two Hydra cranes (with long
booms), and all tools and plants were
arranged.

iv. All gate valves of cooling banks’ head-
er pipes and conservator were closed
and approximately 2,000 L of oil in the
storage tank was drained up to the tur-
ret level.

v. 'The BHELs design 420 kV OIP draw-
lead type bushing was dismantled with
the help of along boom Hydra crane.

vi. Then the 420 kV draw-rod type TELK
bushing was vertically lifted over the
turret of 1 V phase of the BHELs design
315 MVA transformer and the draw-
rod thimbles round nut was opened
with the help of locally fabricated pin
spanner and lowered down to establish
a joint between the draw-rod half-lap
joint connector and the 420 kV wind-

TRANSFORMERS MAGAZINE | Volume 8, Issue 4 | 2021



V
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ing lead of 1 V phase half-lap join con-
nector of 315 MVA BHEL transformer.
Draw-rod of the TELK bushing was
successfully joined with the transform-
er lead by retrofitting the mismatch of
the half-lap joint.

After properly tightening the half-lap
joint of the winding lead connector with
the half-lap joint of the 420 kV draw-rod
end and grinding the larger portion of
the draw-rod half-lap connector to size,
the whole exposed winding lead and the
terminal connector (two halves of half-
lap joint connector) were wrapped with
a crape tape and then with a cotton tape
over that (Fig. 9).

viii. The draw rod was pulled up and the

iX.

XL

thimble was fitted.

Since the 1 V turret is tilted towards

the outer side by about 15 degrees, an

appropriate angle of the bushing was
established with the second Hydra
crane such that the TELK bushing

(Fig. 10) assumed a tilted position of

about 15 degrees to the vertical plane

and then it was gradually lowered
down through the turret CT (bush-
ing CT), keeping all precautions since
that the portion of the bushing CT
area diameter of the TELK bushing
was 10.0 mm larger than that of the

BHEL bushing. There was hardly any

play between the inner diameter of

the turret CT (installed in the groove
of the turret) and the diameter of the

metallic portion of the bushing (di-

ameter D2 in Fig. 5), which was encir-

cled by the bushing CTs. The bushing
was lowered down through the turret
with utmost precision, maintaining an
accurate angle with the successfully
fitted stress shield, with the help of two

Hydra cranes (Fig. 10).

Contrary to the TELK’s procedure [6]

of lowering down the bushing with-

out a stress shield and fixing the stress
shield by entering the transformer tank
after decanting all of the oil, we per-
formed the activity / procedure as nar-

rated in (ix).

The following advantages were foreseen

with the adoption of this procedure:

a) The procedure not only saved time
by decanting the complete amount
of the oil, but also

b) Averted the possibility of an acci-
dent involving the person entering
a soiled and slippery transformer
tank in order to fix the stress shield.

After the oil filtration was done in a

storage tank, the transformer oil was

poured back into the transformer.
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The measurements of tan 9, capacitance and
IR values of the draw-rod type bushing were
carried out and found to be in order

xii. As per TELK's guidelines [6], the set-
tle-down time after the bushing is in-
stalled is 72 hours. Accordingly, the
420 kV OIP draw rod-type bushing
was installed at around 16.00 hours on
18 May 2020.

xiii. The test results of the retrofitted 420 kV
TELK draw rod-type OIP bushing af-
ter its installation through the 1 V
phase turret, prior to energising of the
315 MVA BHEL transformer No. 2,
were as follows:

Stress shield of the
TELK make OIP

bushing is larger in
size and cylindrical

Figure 8. A 420 kV OIP TELK's design bushing being inserted through the turret with a

stress shield

Figure 9. Cotton tape wrapped over the half-lap joints of 1 V phase winding lead and the

draw-rod type bushing, tightened
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The next challenging task was to avoid
mal-tripping of this 315 MVA transformer
during the first energising due to the 2nd
harmonic restraint component

Figure 10. Manoeuvring and lowering down of the TELK's design 420 kV OIP bushing
through 1V turret of the BHEL's design 315 MVA transformer with utmost care and

precision using two long boom Hydra cranes.

xiv. IR value of the 420 kV draw-rod type
TELK OIP bushing:

a) Top terminal to tan & point C1
after removing of the test tap
cover = 440 GQ with a 5 kV
Megger

b) C2 point to earth = 33.5 GQ
witha 500 V Megger

Table 7. Total downtime

xv. Final tan 0 and capacitance test of
the 1 V phase 420 kV draw-rod
type TELK OIP bushing at oil tem-
perature of 35 °C and ambient tem-
perature of 38 °C: tan 8 = 0.2689 %,
capacitance = 391.735 pE and IR val-
ue = 3.86 G(), after the completion of
72 hours of settling time.

(Note: 10kV kit designed by Omicron was
used.)

4. Transformer energising
strategy after the bushing
replacement

Our next challenging task was to avoid
mal-tripping of this 315 MVA transformer
during the first energising due to the 2nd
harmonic restraint component (12 % was
the existing setting of the 2nd harmonic
restraining in the numerical differential
relay). To avoid this, we had reduced the
2nd harmonic restraining setting to 10 %
from 12 % of the fundamental component
and successfully charged the transformer
after the replacement of the bushing. In
the instant case, we did not want any un-
wanted tripping during the first charging
of the transformer after the bushing was
replaced. Since the DC tests were carried
out, thus avoiding any complications, the
2nd harmonic restraining setting was low-
ered from 12 % to 10 % in the numerical
differential relay.

The 315 MVA BHEL transformer No. 1
was successfully energised at 16.50 hrs on
21st May 2020.

Had this 2nd harmonic setting not been
reduced, there would have been every
possibility of the transformer tripping due
to inrush current, which would have con-
fused us to think that the tripping must
have taken place due to some lacuna in
retrofitting job of the bushing. Immedi-
ately after the successfully energising of
the transformer, the 2nd harmonic re-
strain setting was restored to 12 %.

5. Total downtime

Transformer switched off 11 May 2020 9.22 hrs
Charged 21 May 2020 16.50 hrs
Taken load 22 May 2020 11.30 hrs

Total downtime

11 days, 2 hrs, 8 min

Total downtime of the transformer was 11 days and 2 hours, which
included removing of the existing draw-lead type bushing and retrofitting
a new draw-rod type bushing
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6. Benefits to transmission
utility and the grid network

i Asystem disturbance due to tripping of
the transformer or catastrophic failure
of the transformer was avoided.

ii. Had there been failure of 420 kV bushing
and operation of NIFP (nitrogen injec-
tion fire prevention system), the down-
time of the transformer would have been
much longer as filtration of the drained
oil into the underground sump due to
operation of NIFPS would have taken a
lot of time or would have called for top-
ping-up of the transformer with new oil.

iii. Savings in revenue since the job was
carried out with available resources and
without any support from the OEMs.

iv. Shorter downtime, facilitating grid sta-
bility.

v. Loss of revenue avoided.
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