New arc flash standards for aluminium rectiformer stations

Over the last ten years aluminium smelter
construction has reached new dimensions,
from formerly typically 250,000 tpy pot-
lines to a nameplate rating of more than
500,000 tpy. Over the same time, arc
flash standards and operational practices
have remained at mid-2000 levels. Dur-
ing recent years, new and ageing rectifier
stations have experienced fires. Three
incidents were related to HV cable ter-
mination failures, and a further two due
to ageing transformers without full rated
intermediate bushing. In addition, two
rectifier containers were damaged by in-
ternal arc flashes, one of them caused by
a prolonged water leak. These incidents
were investigated and have led to the im-
plementation of an elaborate hazard and
risk assessment. The authors list below the
outcome of these studies, simulation and
analyses, and they present new standards
for rectifier station design and solutions.

Incidents caused by
HV cable termination failures

The fires caused by failures of cable termina-
tions were possible as the transformers lacked
a cable bushing oil compartment isolated by a
full rated bushing installed in the regulation
transformers tanks cover. Where such a risk
is identified, the regulation transformers HV
bushing must be fitted with fully rated bush-
ings between the cable termination and the
transformer windings. This will prevent fires
after a HV cable termination failure. HV cable
terminations in turn must be of a plug-in type
so as to add additional isolation barriers.

Incidents caused by aged transformer

Health, hazard and risk assessment of aged
rectiformer transformers needs to be conduct-
ed to evaluate the risk of fires if the trans-
formers fail. This may require installation of
fire deluge systems in order to reduce the pos-
sible damage after a failure (fire). Such systems
reduce the risk of conversion station failure
and consequent high impact damage, and they
may prevent total loss of production.

Rectifier damage caused by arc flash

Around the year 2000 the arc flash hazard
within the rectifiers was realized, and pres-
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sure relief flaps were fitted to the rectifiers.
The industry knowledge, in respect of arc
flash energy calculations and simulations, was
then limited, but has since broadly advanced.
Recent incidents, as described in the intro-
duction, have shown
that the assumed arc
flash strength and en-
ergy were previously
not considered or
known for the design
of pressure relief.
With  the latest
knowledge of arc
strength and arc devel-
opment, it is now pos-
sible to design new rec-
tifier enclosures and to
operate them accord-
ing to arc flash energy
simulation standards.
Arc flash design, prac-
tices and operational
procedures  already
exist in other indus-
tries, and smelters will
need to adopt them in
the future. This will
limit rectifier damage
caused by arc flash, as
already with Medium
Voltage Switch Gear.
The installed recti-
former stations need
to undergo hazard and
risk assessment for arc
flash. This will then
provide guidance to

implement  upgrades
and operation im-
provements.

Arc pressure
simulation

Several teams inside
and outside ABB have
extensively  studied
and simulated pres-
sure changes during an
internal arc fault. The
simulations of the pres-
sure build up that are
presented here are all
based on that physical

model. The model describes the interaction of
the arc with its environment, in particular the
exchange of electrical energy with the elec-
trodes and the surrounding gas. About 30 com-
parisons with experiments have extensively

HV cable termination plug-in type after failure

Fire damage to aged transformers after internal short circuit
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and successfully validated this model.

This validation campaign was done for dif-
ferent types of devices (HV-GIS, MV-switch-
gear, substations). The model is implemented
in 0D and 3D. The 0D model is implemented
in Dymola and is called DymoDat. The 3D
simulation of arc pressure build-up is per
formed using 3D-Prias, an in-house tool de-
veloped for pressure burst simulation, and it
is implemented in a CFD solver, Ansys-Fluent.
While the 0D simulation yields an averaged
transient pressure for the entire volume, the
3D CFD tool yields detailed, spatially re-
solved information, including pressure waves.

A decisive role is played by flow openings
(e.g. burst disks and flaps) that limit the pres-
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sure peaks in the enclosed volumes. Naturally,
the dynamics of such flow openings cannot be
medelled in 0D, so for DymoDat this limit is
input data. By contrast, the dynamics of the
openings are modelled in 3D CFD, and are
thus a result of the 3D simulation. Required
input data for this are geometrical and mate-
rial information.

Calculation of the average arc pressure
build-up using DymoDat model

Fig. 5 (left) depicts the schematic representa-
tion of the rectifier cabins used in the Dymo
Dat model. The arc source is situated inside the
main arc room of volume 37.5 m* The main
arc room is connected to
the service room of vol-
ume 7 m? via two fans of
0.7 m? total opening area.

Parametric study serves
to calculate an optimum
effective area of the burst
flaps / discs so as the be
able to accommodate the
maximum pressure peak
within a typical rectifier
container structure. Burst
flaps / discs with an open-
ing pressure threshold of
0.1 bar are installed on
the main arc room, where
the total opening area var

40 T T T T
. Effective burst opening
AR I T O Area=5m’
-@, 30 I —--— Area=6m’ b
9 ' s —-— Area=7m’
8 It —— Area=§ m?
g 20 Ay —— Area=9m’>  —
= AN
v ATH
g i
§ 10 -
=B} '.‘

0 Y L | |
0 0.1 0.2 0.3 0.4 0.5
Fig. 3 ‘ Time (s)

101325
[Pa]

ies between 5 up to 9 m?.

Figs 1-2: Schematic representation of 0D
DymoDat model for the calculation of an arc
pressure build-up (left) and for the current
and voltage applied to the arc source (right)
corresponding to a short-circuit event

Fig. 2 (right) shows the arc current and
voltage used as the input for the pressure cal-
culation in 0D DymoDatmodel. The results of
the calculations of pressure build-up in a rec-
tifier container are shown in Figs 3-4 for the
main arc room (left) and the service room
(right). Based on these results, it is recom-
mended that the total effective opening area
of the burst discs/ flaps should be at least
8 m?, in order to keep the peak pressure in-
crease below 0.15 bars in the main arc room.

Figs 3-4: Evolution of the pressure increase
inside the main room (left) and the service
room (right) during a short-circuit event, for
different configuration of effective area of
burst flaps / discs.

Full-scale 2D CFD simulation
for arc pressure build-up

Full-scale 3D CFD simulations of the arc pres-
sure build-up are performed using an in-house
tool 3D-Prias within Ansys Fluent. In the
present 3D-Prias/CFD simulation, only the
half of the container volume (i.e. the main arc-
room and the service room on the left-hand
side) is taken into account, which is the same
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Figs 5-6: The distribution of pressure acting on container walls at the pressure peak (t = 0.06 s) resulting from 3D-Prias/CFD simulation {unit = Pa)
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Figs 7-8: Velocity of the gas due to short-circuit arc event obtained from 3D-Prias/CFD simulation (front and back view, at t = 0.06 s, unit = m/s)

as the volumes used in 0D DymoDat model
in Fig. 3 (left). The energy, current, voltage of
the arc source parameters are taken to be the
same as those used in 0D DymoDat calcula-
tion. In the present CFD simulation, the arc
source is located in the center of the rectifier
device, i.e. 1.4 m from the floor and 1.0 m
from the wall on the transformer side.

In this preliminary design stage, the explo-
sion vents in the present CFD simulation are
modelled as fly-away type, circular burst discs
with the pressure relief area of each circular
disc = 1 m?. Thus, there are 8§ (eight) circular
burst discs installed on the roof and on the
back side of the container, making up a total
of effective /net-relief area of 8 m?. The burst
disc has a pressure threshold of 0.1 bars and
moves at approximately 50 m/s during explo-
sion. It is important to note that in the present
3D-Prias module, the kinetics burst mecha-
nism (e.g. mass inertia effects) of the burst disc
is properly taken into account.

The distribution of the pressure acting on
the container walls resulting from 3D-Prias /
CFD simulation is shown in Figs 5-6 (front,
back, top and bottom views). The pressure
distribution shown in Figs 5-6 is obtained for
t=0.06 s, where the overall pressure reaches
its pealk.

It can be observed in Figs 5-6 that the
pressure can be relatively high in some area
of the container surfaces, particularly on the
floor panel, on the lower part of the back
wall (transformer-side) and on the main door,
since these panels are directly exposed to the
present arc pressure source.

Figs 7-8 depicts the distribution of the gas
velocity during the pressure peak {t = 0.06 s)
obtained from 3D-Prias/CFD simulation. The
high velocity zone in the centre of the rectifier
device in Fig. 7 (left) indicates the location of

the arc pressure source.

The evolutions of the average and maxi-
mum pressure increase on the surfaces of the
container are shown in Figs 9-10, respective-
ly: it can be seen that the highest pressure
build-up is observed for the main door and
the container base floor (c.f. Figs 5-6). These
pressure distributions will be applied on the
container surfaces as inputs for the finite
element (FE) structural analysis.

Conclusion

New rectifier designs need to have pressure
relief devices, which take account of the latest
arc flash energy calculations and arc pressure
simulation. Already installed rectifier stations
need to be reviewed and can be upgraded.

Remote supervision of all routine monitor-
ing should be implemented.

Trending of operation parameters can be
installed in the HMI systems to detect changes
in the parameters before alarm or trip levels
are reached.

Considering today’s knowledge, new ways
of designing and operating rectifier stations
need to be implemented.
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Figs 9-10: The average pressure increase on the surfaces of the main
room (left) and of the service room (right) resulting from 3D-Prias/CFD simulation
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