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1 UPS systems yesterday
and today

Faults in utility power supply cause
half of all inexplicable computer prob-
lems, whether hardware damage, loss
of data or complete system failure. A
UPS unit eliminates the problem – but
careful, they are not all of the same
quality. It is only when the correct
system is combined with other impor-
tant measures that system adminis-
trators can keep cool in the face of
lightning; self produced power spikes,
long or short power failures and other
electrical faults.

The nominal voltage of our utility
power network is 400/230 V. Most
equipment is designed to tolerate an
under- or over-voltage of about 15%.
Anything higher or lower than this
may result in unforeseen malfunc-
tion. Light bulbs are an exception;
their life span is reduced rapidly if op-
erated with over-voltage. When oper-
ated with an under-voltage of 5% they
produce only about half the amount of
light. Statistics show that most power
failures are shorter than 300 ms. Light
bulbs flicker briefly but computer sys-
tems often suffer considerable dam-
age because data can inexplicably be
lost or changed. Such short power fail-
ures are especially detrimental to
database systems.

Furthermore, it is important to
know that the most frequent power
problems are not long-lasting power
failures but over- and under-voltage,
frequency deviations, short sags, or
extreme spikes. What many computer
specialists don’t realise is that these
problems are often not caused by the
EPSC that is delivering the energy but
by other equipment or systems that
adversely affect the power network.

This paper will firstly explain the
causes and effects of faults in the utili-
ty power and secondly the operation
of Uninterruptible Power Supplies
(UPS). The advantages and disadvan-

tages of different UPS systems will be
shown. An important topic will be that
of redundant systems – because even
UPS units can fail. Finally day and
night maintenance needs to be looked
at more carefully and here it is possi-
ble to use intelligently designed soft-
ware that can monitor any UPS unit
via the Internet.

Originally the use of UPS units was
limited to the protection of larger
computer network systems. In the last
twenty years however the information
technology world has undergone far-
reaching changes. The emergence
and spread of the personal computer
gave rise among critical users to a
boom in the use of small single phase
UPS units. During the last 20 years big
computers have been replaced by effi-
cient PC networks. At this point many
UPS manufacturers became seriously
concerned about the future of medi-
um and large sized UPS units. Howev-
er, this fear was unfounded. In no
time it wasn’t enough to have just one
computer in the office. Each office
worker in the firm would be equipped
with a PC and almost every industrial
process would be controlled by com-
puter. Hardly any computers would be
working independently as they would
all be part of a network. It was quickly
realised that it wasn’t enough to have
a UPS unit for each working station
and the server. When PCs communi-
cate over a network, files are open. If
one computer has a crash the file
which is open can be lost even if the
power supply of the server is backed
up by a UPS unit. It isn’t enough to
make sure that the server is provided
with an uninterruptible power supply.
For important work all the computers
in the network must be backed up by
UPS units. Of course with many PC
systems a small UPS unit isn’t enough.
It also isn’t sufficient to provide an un-
interrupted power supply for each PC
in the network. A computer network
also comprises components such as
routers and switches. These also need
to be included in the UPS system be-

cause switches won’t work without
electricity. Incidentally, switches are
also a problem because their network
part only bridges minute disruptions
in the utility power.

Today we can’t imagine our world
without computer technology. The
sending of data over the internet is
important everywhere where comput-
ers are being used. More and more
firms do their business over the inter-
net. E-Commerce is no longer only for
the few big firms. Many smaller ones
are also using this new platform,
which provides the customer with ex-
tra conveniences such as downloading
of information and leaflets. If a firm
uses e-commerce, it mustn’t upset any
of its customers through computer
crashes. A firm offering quick service
in retail, consultation or problem solu-
tion can’t afford loss of image through
computer crashes.

Deregulation of the power market
It isn’t long since many European
countries completely deregulated
their electrical power markets. The
intention was to move from the cum-
bersome state run companies to free
enterprise in the production and dis-
tribution of electrical energy. Since
then, however, disillusionment has set
in. These fundamental changes in the
distribution of electrical energy have
meant that the production of surplus
energy has disappeared. There is also
hardly any investment in the develop-
ment of the utility power systems
since that only generates cost – not
profit. In spite of economic stagnation
the amount of electricity used rises
annually. Because of this it will be im-
possible to avoid bottlenecks in the
coming years. Many countries have al-
so decided to stop using nuclear ener-
gy. However, no one knows how this
energy source will be replaced.

In the year 2003 New York experi-
enced a total power failure lasting sev-
eral hours. The cost of this blackout
was estimated at over a billion dollars.
The loss of perishable foods alone
amounted to 250 million dollars. The
blackout in Italy wasn’t any less dra-
matic! How did it happen? On that un-
fortunate day Italy, the biggest im-
porter of electricity in Europe, had to
import 750 MW more electricity than
it had foreseen. France was the sup-
plier. The electricity was delivered
through the Swiss mountains because
there the resistance was lower. The

A complete failure of utility power is a normal occurrence. A company’s power supply may be

interrupted briefly or for longer periods of time because of lightning, building work, or net-

work overloading. Electrical power supply companies (EPSCs) cannot guarantee an uninter-

rupted supply. Many power supply companies promise a reliability rate of 99.997%. This

alone means interruptions amounting to 14 minutes a year! It is high time to think about

how to survive the next power failure unharmed.
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high voltage transmission lines were
so overloaded that the heat caused the
cables to stretch. They sagged deeper
and deeper until they discharged onto
a tree thus causing the immediate au-
tomatic shutdown of the line. It wasn’t
possible to reconnect because the Ital-
ian power system was now in disarray
(acute phase displacement). All the
power was now automatically trans-
ferred to the remaining high voltage
transmission line leading to Italy.
However here too due to the overheat-
ing there was a disruptive discharge
on to a tree leading to the shutdown of
that line. After the first breakdown the
Italians should have immediately shut
down all the pumps of their hydro-
electric power stations. Because this
didn’t happen a chain reaction was
unavoidable. The Italian power sta-
tions weren’t able to meet the demand
and so there was a complete break-
down in the power supply. A power
system that has completely collapsed
isn’t so easy to resurrect and so it took
many hours until the whole of Italy
was again supplied with power.

Why this detailed account? When
the deregulation of the electricity
market began many years ago the
EPSCs didn’t really show any interest
in redundancy, that is investment in
extra capacities of production and
infrastructure. However, power con-
sumption has increased during the re-
cent years of economic stagnation.
Aside from this it takes years or even
decades to obtain permission for new
power stations and high-tension pow-
er lines. All these factors will lead to
the quality of electrical energy supply
deteriorating in the coming years.
America has already sunk to the level
of third world countries in terms of re-
liability of electrical supply. Experts
had long been convinced of this and a
study made by the government a
short time ago confirmed this situa-
tion. In the coming years Europe will
also inevitably have bottlenecks and
hence more frequent electricity cuts.

The expectation of cheaper energy
through deregulation was made attrac-
tive to voters and it was cheaper at
first. Since then, however, the trend
has clearly changed. The most strik-
ing example is Sweden where power
prices have doubled. In Germany
prices have risen by 9.6% per year fol-
lowing deregulation. New firms re-
quiring a lot of power to operate are
now unable to set up business in Ams-
terdam because the EPCS is unable to

increase its supply of power. It’s a
crazy situation when the job opportu-
nities that everyone is demanding are
already out of the question because of
the power situation. In recent years in
China there has been amazing eco-
nomic growth of almost 10%. There
have been power bottlenecks in 24 of
the 31 provinces. However China has
the advantage of being able to build, at
short notice, power stations using fos-
sil fuel. If the demand for power in
Europe continues to rise at the pres-
ent rate over the next 15 years, power
stations with a total capacity of nearly
300 GW will have to be built. That
would mean building a hundred large
nuclear power stations. We should al-
so not forget that some old power sta-
tions will have to be closed down. In
Germany and other European coun-
tries it is practically impossible to get
permission even for hydroelectric
power stations. Environmental and
other organisations campaign against

every possible development of the
electrical industry.

Attacks from heaven
Lightning is a beautiful natural phe-
nomenon – at least for those of us who
aren’t afraid of it (picture 1). In a pow-
erful storm, lightning strikes with half
the speed of light and heats the air up
to 20,000°C. This heat is four times
greater than that on the surface of the
sun. The frightening noise – the thun-
der – is caused by the explosive ex-
pansion of the air around the arc.
Lightning is a major threat to much
modern electrical equipment. Only
private people, if they happen to be at
home, can pull the plugs out at the
first signs of the approaching storm
and sit back to enjoy the spectacle.
Employees at work should, with clear
consciences, be able to work on dur-
ing the storm. Quite apart from that
why should an Italian businessman be
affected by a storm in Germany when
he is just in the middle of e-commerce
business? Meteorologists count ap-
proximately 750,000 occurrences of
lightning a year in Germany, most of
which occur in the months of July and
August. This sort of natural phenome-
non causes enormous financial loss.
UPS units may help to avoid damage
generally but not that caused by light-
ning. For this, lightning and surge pro-
tection must be included in the elec-
trical installation. This needs to be
done for both the power supply of the
UPS and any cables transmitting data
to the outside world. Finally there
must be good potential (voltage)
equalisation in the building combined
with an effective lightning trap
around the building (picture 2).

Picture 1 Lightning is a frequent cause of computer
crashes.
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Industry – without electricity
nothing works

In order to remain competitive, firms
in all western industrial countries
must computerise their manufactur-
ing processes. The level of automation
has constantly increased and become
more efficient. PLC and PC systems
are increasingly the order of the day.
Industry is of course dependant on a
top quality power supply. Critical
processes are therefore dependant on
a UPS because even the shortest pow-
er cut can have fatal effects on the
process. There will be rejects and the
machine will possibly be damaged if
half-finished products get stuck in it.
The more sophisticated the automa-
tion the more the process depends on
an uninterrupted supply of electricity.
Complicated networks used to control
lighting, blinds, air conditioning, and
entry and security systems in build-
ings also all depend on a continuous
supply of electricity. Here too cen-
tralised UPS systems which keep at
least the essential processes going are
increasingly being used.

The consequences
of a computer crash
It is surprising to see how careless
even large firms are in securing a reli-
able supply of utility power. They
should know how much the success of
a company is dependant upon it. A
power failure of only some few min-
utes may have fatal consequences
such as:
• Loss of image
• Loss of contracts
• Loss of a customer 
• Breakdown of customer service
• Backlog in production
• Loss of operational data
Very important! No insurance covers
loss of image or loss of contracts. Also
don’t forget the loss of working hours
caused by a crash of the communica-
tion system. Companies asked indicat-
ed costs of 13000 € per hour in the case
of system failures and the figure is even
higher in the service sector. Many firms
who have experienced a serious com-
puter failure complained of months of
increased economical difficulties.

To sum up
Before the deregulation of the electric-
ity market, experts warned of difficult
times ahead in terms of availability

and quality of electrical energy. Their
predictions have proved correct here
in Europe more quickly than we
would have liked. The requirements
of the digital world have increased
dramatically in the last two decades
with regard to the availability and
quality of electrical energy. There is a
growing imbalance between the need
for stable electrical energy and the sit-
uation as we have it on the energy
market. A disquieting prospect – not
for the manufacturers of UPS units
though! They can reckon on a growing
demand for their products.

2 UPS technology –
separating the wheat
from the chaff

There is a wide variety of UPS system
architecture. There are simple systems
which are capable of providing power
until the computer network has been
shut down. There are more costly sys-
tems which offer a complete galvanic
separation from the utility power sup-
ply and guarantee that ‘spikes’ never
get through to the computer network
and its components. For installations
where power interruptions even of
milliseconds must never occur – even
if the UPS unit breaks down – redun-
dant systems are important. This
chapter looks at UPS technology more
closely.

Typical problems
in the utility power network
Problems are not only caused by pow-
er failures. Short interruptions that do
not even cause a light bulb to flicker
can have treacherous consequences
for different sorts of equipment. In
computers, network components and
telecommunication systems, over-
voltage can cause the electronics to
become defective. Hidden effects are
the most treacherous. In such cases a
sensitive electronic device still func-
tions but its power consumption rises,
leading to overheating of the element
and finally to failure. Picture 3 shows
the typical problems in utility power.

Low voltage (brown out)
Approximately 60% of the disrup-
tions. This is the most frequent prob-
lem and is usually caused by large

consumers of electrical power, not by
the user or the supplier.

Over-voltage 
Approximately 20% of the disrup-
tions. It stems from switching opera-
tions performed by large consumers
and can lead to hardware failure.

Transients
Approximately 8% of the disruptions.
Transients (spikes) are extremely
short occurrences of over-voltage.
They can be several times higher than
the rated voltage and get through the
power supply units to the equipment,
causing faulty transmission of data or
leading to hardware failure.

Sags
These considerably distort the ideal
sine waves of the utility power. The
consequences can be ‘inexplicable’
system failures or faulty transmission
of data. These problems are caused by
pieces of equipment that do not draw
a cleanly sinusoidal current (light con-
trollers with phase shifting control or

low voltage/brown out
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Picture 3 Frequent faults in the utility power.
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utility power command guiding sys-
tems).

Power failure
It is common to distinguish between
those failures lasting milliseconds and
those lasting minutes or hours. The
latter are much less frequent in North-
ern Europe than the former. Every
UPS system must be able to cope with
both types of power failure.

What types of UPS
are there and how do they function?
What does a user expect of a UPS? It
must:
• Bridge power failures for minutes

and even hours.
• Protect from over- and under-volt-

age.
• Keep transients in the utility power

from reaching the load.
• Provide failure-free and stable volt-

age for any kind of load.
• Provide careful recharging of batter-

ies and protection from low dis-
charge.

An important characteristic of a UPS
is the signal form it produces. The
power plant delivers a pure sine volt-
age with an effective mean value of
220–230 V and 50 Hz in Europe. Ame-
rica and other countries have 110–
120 V and 60 Hz. The operation of
simple loads, for example a light
bulb, depends only on the mean value
and the resulting power. But modern
switching power supplies for comput-
ers are more demanding and require a
much closer approximation to a pure
sine voltage. Simple inverters deliver

a square wave voltage with peak and
mean values that are identical. This
can cause a power supply unit to mal-
function. An acceptable approxima-
tion is a trapezium where the peak
and mean values correspond approxi-
mately to a sinusoid. The ideal is of
course that a real sinusoidal voltage is
generated, which is what high quality
UPS do.

Off-line mode
This is also called standby mode (pic-
ture 4). This is the simplest type of UPS.
It has two paths for the current. The
concept of off-line technology is that
when the UPS has utility power, the
load is directly supplied with utility
power voltage. The inverter remains in
standby mode stepping into operation
only when there is a power failure.

During normal operation (utility
power voltage present) this type of
equipment does not provide voltage
regulation. The consequence of this is
that in the case of fluctuation, the UPS
must switch into battery operation in
order to compensate for the fluctua-
tion. This simple type of UPS is useful
for single workplaces especially in pri-
vate usage, but it should not be used
to supply telecommunication equip-
ment, network components or even
server systems. The autonomy time
ranges from 3 to 10 minutes, and the
power range goes up to approximately
3 kVA.

Advantages:
• Reasonable in price.
• High degree of efficiency.

Disadvantages:
• No suppression of non-sinusoidal in-

jection back into the utility power.
• Short voltage fluctuations have no

problem getting through to the load.
• Switching to inverter mode takes

several milliseconds.
• Low-cost equipment does not pro-

vide sine form voltage when in in-
verter mode.

Active standby mode
Also called line-interactive (picture 5).
This is a refinement and improvement
of the off-line mode (see above). During
normal operation, the load is supplied
directly with utility power voltage from
an auto transformer at the output of the
UPS. In many countries, the utility pow-
er fluctuates considerably depending on
the load. The power supply units of
computers and also other power supply
equipment cannot take a fluctuation of
more than ±15%. Active standby tech-
nology functions in such a way that a
switching device at the level of the auto
transformer can make the voltage in-
crease or decrease depending on what
is needed. If the supply voltage is too
low, the switch turns into ‘boost’ mode,
if the voltage is too high, it switches to
‘buck’ mode. This correction of the utili-
ty power voltage is not very finely
tuned and thus – as will easily be un-
derstood – not particularly effective.
But it has the advantage that the invert-
er does not need to step into UPS mode
with every slight fluctuation of the utili-
ty power voltage, thus conserving the
batteries.

In the case of a power failure, the
switch changes the UPS to inverter
mode operation. Then the load is
completely supplied by the battery.
This technology is often used for
small networks and equipment that is
not too sensitive. Certain loads, how-
ever, do not tolerate the switching
time (reaction time) of this type of
UPS unit. The autonomy time lies be-
tween 6 and 10 minutes, the power
range reaches up to 3 kVA.

Advantages:
• The batteries are spared because the

UPS does not switch into battery
mode until the voltage goes beyond
over- or under-voltage.

Disadvantages:
• Switching into inverter mode opera-

tion takes several milliseconds.
• Faulty frequencies can only be elim-

inated in battery mode.

AC
DC

DC
AC

Battery

Rectifier Inverter

By-pass

Load

Utility

Filter

Normal Operation

Picture 4 UPS with
off-line or standby
mode.

Picture 5 UPS with
active-standby or line
interactive mode.

AC
DC

DC
AC

Battery

Rectifier Inverter

By-pass

Load

Utility

=

Filter

Normal Operation
boost

buckL

N

N

U



6

• Low-cost equipment does not pro-
vide sinusoidal voltage in inverter
mode operation.

Double conversion technology

This type of UPS has two elements
(picture 6). On the input side, the al-
ternating current is rectified to direct
current, which in turn charges the bat-
tery. An inverter which is on the out-
put side of the UPS uses this direct
current to produce an alternating cur-
rent with the frequency of 50 or 60 Hz
(depending on the user’s network).
The inverter permanently produces
the alternating current. Filters at both
input and output end successfully
eliminate practically all faults coming
from the utility power. Single phase
equipment is available up to 10 kVA,
three phase equipment up to 1000
kVA. Higher power can be achieved
by connecting several UPS units in
parallel.

Advantages:
• Steady sinusoidal voltage and fre-

quency at the output.

• A secure protection from over-volt-
age because of the continuous con-
version.

• No substantial switching delay in
the case of a power failure. This is
very important if sensitive equip-
ment is being used in the area of
network and telecommunication
technology.

• Well defined and constant condi-
tions throughout the network.

Disadvantages:
• The degree of efficiency of the

whole system is low.
• The technology is more complex

and therefore more expensive.

Is a complete galvanic separation
necessary?
Online and double-conversion tech-
nology can be divided up in another
way, namely into UPS units with or
without galvanic separation. Many
users repeatedly ask themselves
which technology is the best for their
application. Picture 6 shows double
conversion technology. The inverter

is available with or without galvanic
separation. Both types have their ad-
vantages and disadvantages.

With galvanic separation
IGBT (Insulated-Gate Bipolar Transis-
tor) transistors generate direct current
impulses from the battery voltage
(picture 7). One complete sine wave
(one full period) is comprised of about
500 individual direct current impuls-
es. Assuming that the output frequen-
cy is 50 Hz (duration of one period =
20 ms), it follows that the inverter fre-
quency is 25 kHz.

The width of the direct current im-
pulses varies in such a way that the
linear mean value of the envelope cor-
responds to a sinusoid. This sinusoidal
envelope comes from the filtering in
the secondary winding in the trans-
former in combination with the capac-
itor at the UPS output.

The higher the inverter frequency,
the smaller is the physical size of the
transformer. If the power stays the
same, the size of the transformer di-
minishes almost in proportion to the
frequency. The difficulty consists in
finding materials for the core of the
transformer which operate with mini-
mal loss due to magnetic hysteresis
and eddy currents. Laminated iron
cores are problematic above 5 kHz.
Ferrite cores are much better but also
much more expensive.

Furthermore the capacity of the fil-
tering capacitors at the output end of
the UPS drops with higher frequen-
cies. But a high frequency of opera-
tion results in better dynamic charac-
teristics of the inverter. The narrower
the direct current impulses, the quick-
er the reaction of the inverter to load
jumps. Power supply units of comput-
ers, networks, telecommunication
equipment and other electronic
equipment draw a non-sinusoidal cur-
rent. In simple inverters the conse-
quence of this is that the curve deteri-
orates to a trapezoid.

IGBT transistors have the disadvan-
tage of considerable energy loss when
operated at high inverter frequencies.
In recent years, the frequency has
been increased due to the higher qual-
ity of IGBT transistors. Power-MOS-
FET transistors are used for small
power applications. The UPS manu-
facturer optimises the inverter accord-
ing to technology and cost. In the area
of high power applications it is possi-
ble to work with frequencies around

UB
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V

W

N

AC-Transformer

Filter

AC-IGBT-Bridge

Output
Inverter

UB = DC-Voltage

Envelope Sinus

Width of the DC-pulses variates 
in order to reach the linear mean 
value of the sine wave. 
(real value 300–1000 pulses/period)

t

UWDC-Pulse

f Inverter  = number of pulses/period
duration of period

Battery

Inverter

Static by-pass

Utility

Maintenance by-pass

=

Filter

Normal Operation

Load

AC
DC

Rectifier
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limitation
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C

Picture 6 UPS
with VFI or double
conversion
technology.

Picture 7 UPS with
double conversion
and transformer
in the inverter.
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12 kHz nowadays, and in systems up
to 1 kVA with up to 30 kHz. The criti-
cal aspect of this optimisation is that
the IGBT transistors must be operated
in such a way that they reach a high
degree of efficiency on the one hand
and maintain a sinusoidal output (de-
spite the non-linear load) on the other.
A special quality characteristic of an
inverter is its capacity to react to load
jumps quickly. Another advantage of
high inverter frequency is the fact that
frequencies over 15 kHz are practical-
ly inaudible for the human ear.

Advantages
of the transformer technology:
• The load is isolated from the utility

power.
• No direct current in the load.
• Good dynamic characteristics even

when non-linear load is connected.
• Good short circuit performance.
• Only one battery voltage needed,

the level of which can vary greatly.
• Power capacity up to 1 MVA possi-

ble.
• The static bypass can be directly

mounted thanks to galvanic separa-
tion.

• Fewer components needed.

Disadvantages:
• The transformer is fairly large and

heavy.
• Expensive in comparison to a design

without a transformer.
• Especially in the low power range

the energy loss is high when com-

pared to a design without trans-
former.

• The realisation of Power Factor Cor-
rection (PFC, the current which the
rectifier draws at the input is si-
nusoidal) in the rectifier is more
difficult than with the solution with-
out the transformer.

Without galvanic separation
This approach requires the use of two
sets of batteries because a double sup-
ply of direct current is needed (picture
8). Single phase technology used this
approach in the early nineties. The pos-
itive half-sine wave at the output is pro-
duced by the upper three transistors for
all three phases. This is achieved in the
same way as in a design with a trans-
former. The half-sine wave is comprised
of direct current impulses of variable
width.

It is clear that there is no galvanic
separation between input and output.
The negative side to this is that the
output can be ‘contaminated’ with a
direct current component. This com-
ponent is caused by the fact that the
linear mean value of the positive half-
sine wave is different to that of the
negative half-sine wave. It is very diffi-
cult to rectify this problem and conse-
quently there is always a possibility of
a direct current component at the out-
put. This will not harm switched pow-
er supply units of computers, net-
works or telecommunication equip-
ment, but it will harm supply units of

toroidal transformers and AC motors.
In this design the inverter frequency
is higher than in the one with a trans-
former, lying between 15 and 30 kHz,
because it only requires filter chokes.

Advantages of the technology without
a transformer:
• Smaller in size
• Less expensive
• Higher degree of efficiency
• Less noisy

Disadvantages:
• No separation of the load from the

power supply.
• Direct current component at output.
• If badly regulated, the neutral out-

put line can carry a high current.
• Twice the number of boosters and

batteries are needed.
• Limited to units up to 120 kVA.

Which technology is better?
It is pointless to ask this question be-
cause both technologies have their ad-
vantages and disadvantages. One or
the other solution is more appropriate
depending on the requirements. This
is why leading UPS manufacturers
build units with or without galvanic
separation in order to meet the vary-
ing requirements of customers. How-
ever, the customer should make sure
he knows which design is being of-
fered to him.

When to use the transformer
technology?
• When the load has to be separated

from the utility power supply and
the battery.

• When the load is sensitive to direct
current.

• When the dynamic characteristics
of the UPS have to be very good (al-
so in case of high load jumps and
short-circuit behaviour).

• When the application does not allow
high currents on the neutral output
line.

When to use a unit
without a transformer?
• When the efficiency of the unit is

important.
• When the price plays an important

role.
• When the level of noise needs to be

as low as possible (inverter frequen-
cy inaudible to the human ear).

• When galvanic separation is not
mandatory.

UB

U

V

W

Filter
choke

Filter

Output
inverter

UB = DC-voltage

UB

N

AC-IGBT-Bridge

AC
DC
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Filter
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N

N

=

Q1K7

U

Output transformer
continuously 
magnetised by the

output voltage
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Rectifier Inverter

Static by-passNormal Operation

Utility

Load

Picture 8 UPS with
double conversion and
without transformer
in the inverter.

Picture 9 Output
transformer
magnetised by the
output voltage,
efficiency of 98%,
switchover time
only 2 ms patented
by GE (Super Eco
Mode).



8

• When the load is not sensitive to di-
rect current.

Super Eco Mode
As mentioned previously, UPS units
operating according to the off-line sys-
tem are the most efficient because the
utility power is normally led directly
to the output via a static by-pass. The
U I current on the silicon-controlled
rectifier and the energy needed to sus-
tain the charge of the battery are the
only losses. The disadvantages of this
system were given previously.

UPS units with transformers are nat-
urally less efficient. The transformer
alone absorbs approximately 3% of
the power at full load and 1% at zero
load. For safety reasons, however, UPS
with transformers continue to be in
use. The pros and cons are provided
above.

In many countries in Northern Eu-
rope the tension and frequency of the
utility power is remarkably stable.
Hence it is obvious that the off-line
system is the ideal UPS from various
points of view. Unfortunately, howev-
er, this system does not satisfy the
highest requirements regarding safety
and stability. For very sensitive loads
which do not tolerate direct current at
all, users may have to resort to UPS
with an output transformer. But such
a unit cannot switch instantly from
the ‘dormant’ mode of operation to
the active one. The problem is the
transformer, not the inverter. Even if
the inverter can supply the output
transformer instantly with the re-
quired tension, the load will not re-
ceive it instantly. The transformer has
inductivity and this delays instant
transmission. The delay mounts
quickly to 20ms and in addition to that
surges of tension are to be expected.

GE’s research division has provided
a solution with the Super ECO mode
(patent pending). In this system the
load current flows in the ECO mode
via a bypass as with the off-line sys-
tem (picture 9), but of course only as
long as the tension and frequency of
the utility power lie within specified
limits. The innovation is that the out-
put transformer of the UPS is being
‘kept primed’ all the time by the load,
i.e. kept magnetised. The benefits are
as follows:
• If there is a power failure there is
merely a drop in tension at the output,
lasting less than 2 ms. There is no com-
plete loss of tension.

• The output transformer and the fil-
tering capacitors of the UPS act in the
ECOmode as passive filters and thus
improve the load parameters with re-
gard to the utility.
• The inverter is turned off and the
rectifier turned on occasionally in or-
der to charge the battery.
• The user is sure that even with the
worst case scenario of the UPS there
will never be any direct current on the
output side, since the unit has an out-
put transformer.
• The efficiency of the unit is around
98% (the additional loss of 1% in com-
parison with the simple off-line sys-
tem stems from the energy used for
the permanent magnetisation of the
transformer)

DSP technology
Analogue technology is nowadays
used by well-known UPS manufactur-
ers for the generation of the signal.
The processing of the signal, as well
as the controlling of the transistors of
the rectifier and the inverter, is
achieved through a DSP (Digital Signal
Processor). DSP technology drastically
reduces the number of parts needed
since it measures the tension of the
three phases as well as the current di-
rectly and calculates the width of the
impulses of the direct current by way
of a complex algorithm transmitted to
the IGTB transistors. In this way the
reliability of the electronic system is
improved, i.e. the MTBF (Mean Time
Between Failure). DSP is nowadays so
efficient that at GE, for example, the

total control of a UPS system is re-
duced to one single print-out and this
print can be used for systems from 10
to 500 kVA. DSP also makes the appli-
cation of a new technology for UPS
possible, the so-called Space Vector
Modulation (SVM). This technology
makes it possible for only minute
drops or rises in tension to occur
when the load changes. DSP generates
three sinusoid tensions as well as the
modulated impulses for the three
phases, taking into account the cur-
rent required by the load in order to
control the IGBT transistors. DSP and
SVM greatly improve the performance
of the UPS, also in the most demand-
ing case of redundant and parallel cir-
cuiting of several installations.

The myth of a high degree
of power efficiency
A high degree of power efficiency is
often used as a sales argument. A UPS
in off-line mode, operating normally
and directing the current from the
utility power supply directly to the
‘protected’ load, obviously has the best
power efficiency of approximately
98%. For line-interactive units the fig-
ure is 97%. For UPS in online mode
the efficiency is 89–96% depending
on the size of the unit, this being the
real online-degree of efficiency. In
systems with transformers the effi-
ciency can reach a maximum of 95%,
in those without 96%. The brochures
of UPS manufacturers always indicate
the highest degree of efficiency. How-
ever, the efficiency is dependent on
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the utilisation of the unit, the power
factor of the load, and the input volt-
age. For example, a UPS unit using the
so-called Delta Technology (not ex-
plained in this article) has a definitely
lower efficiency with non-linear loads,
i.e. in the case of poor power factors.

The decision to purchase a certain
model must be well thought out be-
cause the protection of the equipment
connected to the UPS must be given
highest priority. The question there-
fore is: is it worth taking a higher risk
in order to save expenditure on ener-
gy? The money saved by buying a
cheaper unit and saving energy never
justifies the risk of damaging, for ex-
ample, a sensitive server system. Just
one single unnecessary shutdown per
year (together with the resulting
costs) exceeds any saving in energy
costs.

To illustrate this, take the example
of a large network with approximately
200 computers, including the moni-
tors, printers and other network com-
ponents, all of which are dependant
on a UPS for their energy supply. Let’s
assume that the network is used for 12
hours per day. For this network a UPS
supplying 100 kVA is necessary. At full
utilisation and assuming 3% less de-
gree in efficiency there is an addition-
al loss of power of 3 kW. Assuming fur-
ther that these 3 kW are lost for 12
hours during 365 days per year –
which is unrealistically high – the ad-
ditional cost of energy amounts to

1000 €, if one kWh costs 0.10 €. This
then would be the amount saved by
choosing a system with a lower level
of protection. It would never cover the
cost of rebooting a network of 200
computers after a crash. One daren’t
think of the cost of the time needed to
reboot it.

GE’s LP and SG Series units –
examples of the most up-to-date
technology
Taking the example of these ultra-
modern units, both designed for a
power range of 80–100 kVA, let us ex-
amine the differences in the realm of
technology. The following data is giv-
en for a 120 kVA system. Picture 10
shows the schematic diagram of the
LP Series Model which incorporates
the feature of galvanic separation.
Both models satisfy the highest level
of UPS standards. They are VFI units,
i.e. units operating in online mode.
Both can be switched to redundant
parallel function by means of RPA
(see below) and both are equipped
with the Super ECO mode. The LP Se-
ries model, however, is a unit without
transformer. The SG Series model has
a transformer.

The first difference is a purely exter-
nal one: the LP Series requires 0.52 m2

ground surface, the SG Series almost
double – 0.96 m2 – which still makes it
one of the most compact units on the
market. The difference in size is

somewhat balanced out when we take
into account the number of batteries
needed. The LP Series needs forty 12
Volt units, the SG Series needs only
thirty.

The values of the output tension are
almost identical. Both units overcome
a load jump of 100% with less than 2%
fluctuation of the tension. Both have a
total harmonic distortion of less than
3% with 100% non-linear load. There
is a small difference in the efficiency
of the units: the LP Series reaches
93% in VFI mode and 99% in ECO
mode, the SG Series unit reaches
92–98%. This small difference is the
price paid for galvanic separation.

At a first glance the two models are
similar, both fulfilling the standard
range of expectations (pivture 11).
Why then does GE offer two models?
Just as big car producers offer differ-
ent ranges of power and comfort, GE
has produced two models for the im-
portant power range up to 120 kVA.
One can view the LP Series model as
the open sports car, and the SG Series
as the luxury four-door four wheel
drive. With the LP Series unit you can
add up to four elements in parallel re-
dundant setting – with the SG Series
(thanks to SVM) you can add up to
eight. Furthermore the SG Series is
equipped with a whole range of addi-
tional conveniences and safety de-
vices, e.g. redundancy ventilator, opti-
mized soft start, greater capacity of
the batteries and a convenient control
panel.

3 Assess your partner
firm – avoid being left
in the lurch

The need for upgradeable UPS sys-
tems with highest fail-safe record has
increased enormously. Computing
centres of internet providers, banks,
telecommunication companies and all
those using large computer networks
demand a high degree of availability.
Many customers are now less cost-
conscious when it comes to power sup-
plies. Yet some firms still entrust their
complex server systems to a low-cost
UPS. Upgradeability, that is the possi-
bility of adding power and auton-
omous time, is more and more in de-
mand. On the UPS market GE offers a
unique failure-tolerance of N+1 re-
dundancy.

Picture 11 LP Series on the left – an ultra-modern UPS without transformer, SG Series on the right – 
units with transformers using very little floor space, 120 kVA each.
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What is a redundant system?
Important business activities and high-
tech control systems require an unin-
terrupted power supply. The installa-
tion of a UPS unit makes this possible.
Such a unit is made up of electronic
components, batteries and mechanical
parts, all of which can break down.
Hence it is clear that you cannot depend
on a single UPS unit only when supply-
ing computing centres or other impor-
tant systems with electrical power.

A redundant system can cope with
the failure of one of its parts without
normal operation being impeded. An
example will help to explain this. An
aeroplane used for the transport of
passengers has at least two engines. If
one of the two fails to operate, the
aeroplane must nevertheless be able
to fly on to the next airport and land
there. In an N+x redundancy, the N
stands for the number of units operat-
ing in parallel. X stands for the num-
ber of units that can fail to operate
without affecting the operability of
the entire system. In our example we
have an N+ 1redundancy. In the case
of a plane that has three engines it can
lose two and still continue its flight;
here we would talk about an N+2 re-
dundancy.

However, this does not mean that
the aeroplane with three engines nec-
essarily has an N+2 redundancy. If
there is one element in the plane up-
on which all three engines depend
then this plane does not have redun-
dancy at all! Here is the problem with
most of the global UPS manufacturers.
Individual UPS units in parallel may
provide redundancy – or may not, de-
pending on whether there is an addi-
tional component in the system upon
which all the UPS depend. There must
not be the possibility of a single point
of failure in the system. Because of
the importance of this point, several
concepts of parallel architecture will
be presented, highlighting their ad-
vantages and disadvantages.

Hot-standby systems

Here, as picture 12 shows, two UPS
units are connected in series. In nor-
mal operation, unit 2 takes over the
supply of the critical load. If unit 2
fails to operate, it switches to bypass
mode and after 2–8 ms unit 1 auto-
matically takes over the supply of the
load.

Advantages:
• Reasonable in price since no addi-

tional components are necessary.

Disadvantages:
• There are many single points of fail-

ure.
• There is no distribution of the load.

If one UPS fails then the other one
has to take on the whole load. This
means that it must be able to cope
with an increase of power supply
from 0–100% within approximately
8 ms.

• Overload is limited to the capacity
of one single unit.

• The MTBF of the whole system is
lower than the MTBF of a single
unit.

• The loss of energy is relatively high
because one unit is only ’idling
along’. 

Parallel system with automatic
switching mechanism
This architecture operates with two or
more UPS units as well as an automat-
ic transfer switch (STS static transfer
switch). The sensor in the STS moni-
tors the output voltage of each unit
and immediately switches to a differ-
ent UPS (or several) as soon as a fail-
ure is registered. Picture 13 shows that
the system is not redundant because
of the STS. If this component fails
then the UPS are of no use.

Advantages:
• When one UPS fails to operate, a dif-

ferent one can take on the load.

Disadvantages:
• There is no distribution of the load.
• Additional expenses: an STS costs

roughly what a UPS unit without
batteries costs.

• Additional loss of 1% of the energy.
• If the STS fails then the whole sys-

tem collapses (a single point of fail-
ure). The UPS units which actually
still work are of no use.

Parallel system with external
switching mechanism
UPS normally have an internal switch
to change from inverter mode to by-
pass mode. Some manufacturers situ-
ate this switch externally for manual
operation in order to facilitate the use
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of several UPS units in parallel (pic-
ture 14). The advantage of this config-
uration is that there is a distribution of
the load and losses are minimal due to
the fact that the load current does not
run through two switches. Yet it is also
clear that the external switch is the
critical element in this configuration.
If it fails, there is no redundancy. This
configuration is comparable to a jet
plane with a central hydraulic system.
With regard to the UPS units that are
aligned in parallel, the system is re-
dundant, but not with regard to the
central external switch.

Advantages:
• When one UPS unit fails to operate,

a different one takes on its load.
• There is a distribution of the load.

Disadvantages:
• If the external switch (ES) fails (a

single point of failure) then the
whole system fails. The UPS units
which actually still work are of no
use.

Parallel architecture
with master and slave
In this configuration, one UPS (or spe-
cial circuitry) takes on the role of the
Master and the other units take on the
role of Slaves. The Master is responsi-

ble for the load to be evenly distrib-
uted among the UPS which are
aligned in parallel. If one of the UPS
units fails to operate the Master auto-
matically redistributes the load to the
other Slave UPS. It is clear from pic-
ture 15 that this configuration also has
its weak points. If the Master UPS fails
to operate, then it switches into by-
pass mode, but if the circuitry that
controls the Master unit fails, then the
whole set-up is without a Master and
therefore no longer controlled. This
configuration has at least two single
points of failure.

Advantages:
• No casing with an external switch

necessary.

Disadvantages:
• If the circuitry that controls the

Master UPS fails, the whole configu-
ration is out of control.

• The data bus is not redundant. If it
fails, the whole system collapses.

Real redundancy parallel architec-
ture without a single point of failure
GE is one of few manufacturers on the
market producing UPS units with real
redundancy. The system is called Re-
dundant Parallel Architecture (RPA). In

it there is no need for external electron-
ics or switches to control the UPS in par-
allel arrangement (picture 16). With
RPA, using so-called Active-Active-Tech-
nology, one of the UPS in the system
temporarily takes on the role of the
Master and the others follow, as in a
democracy in which one person takes
on the role of leadership. However, all
UPS have access to all control parame-
ters. The system is equipped with a re-
dundant bus (featured twice) which en-
sures constant distribution of the load.
If one UPS unit fails to operate, the load
is automatically redistributed among
the other units. If the Master UPS fails
to operate, then a different UPS auto-
matically takes on the role of the Mas-
ter. If necessary, any of the UPS in this
democracy can take on the role of lead-
ership.

If there is a need for more protected
power, it is possible to simply add fur-
ther UPS in parallel to the existing
ones. Furthermore, a UPS can easily
be switched off or another one
switched on. And here is the unique
feature of GE’s RPA: your critical load
is always protected. As soon as a UPS is
switched off, its load is taken over by
the other units without the load even
‘noticing’ a change of voltage. The ad-
dition of a UPS unit is a more complex
operation. The new unit must first be
synchronised with the load voltage,
and then the Master UPS must take
care of the integration into the whole
system requiring a new distribution
of the load. In the designs offered by
other manufacturers, a change in load
distribution necessitates a change into
bypass mode. This means that the
critical load is connected to the utility
power without protection in case of
power failure.

The critical point of this GE technol-
ogy is the exact synchronisation of all
the UPS that are aligned in parallel.
The reference value is the load volt-
age, and depending on the load, indi-
vidual UPS will need to provide more
or less current. The supply of the nec-
essary load current is the control-con-
dition reference value. The distribu-
tion of the load with RPA technology
is so precise that all the UPS in the
system provide substantially the same
current (it varies by only a few am-
peres). Finally, the excellent dynamic
behaviour of this architecture needs to
be mentioned. It guarantees a negligi-
ble fluctuation of voltage even in the
case of a sudden, big load jump e.g. a
short circuit.
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The cost advantage
of a completely modular system

The need for upgradeable UPS systems
with highest fail-safe operation has in-
creased dramatically. Few companies
operate without having their own serv-
er, quite apart from all the internet serv-
ice providers, banks, telecom compa-
nies etc. All of these need UPS systems.
They are ready to invest capital in order
to obtain a maximum of operability. Im-
portant criteria in the choice of a sys-
tem are the questions of the expansion
of the system later and the length of
time that the UPS system can provide
power during a power failure. It makes
little sense to install an over-specified
UPS system just because there might be
a need for more power in the future. An
over-specified UPS system produces un-
wanted heat and costs more.

For the above reasons the upgrade-
ability and failure-tolerating N+1 re-
dundancy is important for sensitive
loads. The modular approach also
makes for cheaper production and
running costs. There are different ver-
sions of the modular system on the
market such as strict separation of the
UPS into individual casings or into
drawers in a main casing. Both ver-
sions have their advantages and disad-
vantages, which are not discussed in
this brochure. The customer has to
make sure that he is given the perti-
nent information.

UPS – only a part
of a safe power supply 
In a high-standard set-up the UPS with
its set of batteries represents only part
of the whole. The quality and correct in-

stallation of other parts such as the con-
nection to the mains, the connections to
the output, the type of fuses used and
the selectivity of the different circuits
all play a vital role.

The above points highlight the fact
that the UPS is by no means the only
element in getting a secure supply of
electricity to your critical load. The
experience of recent years has shown
that integrated solutions are called for.
Market research shows that manufac-
turers of UPS should offer integrated
systems in the future. In other words,
offering a high quality UPS is no
longer sufficient. An overall solution
is what is called for. This solution
comprises all the parts between the
connection to the utility network and
the load.

The future: advantages through
integrated solutions
If a UPS manufacturer offers an ap-
proved overall concept, a whole range
of problems is eliminated. Here is an il-
lustration: if you ask an architect to
build your house you will get a house
that is unique. If you chose your house
from the catalogue you’ll get something
which is well-planned but off the shelf.
In this house everything should work.
Teething troubles, which one would
have to expect in the case of a ‘proto-
type house’, should be eliminated. It
may be that for your own special house
you’ll put up with ‘teething troubles’.
With regard to a secure power supply it
is completely different. Here it does not
make sense to develop the whole sys-
tem from scratch again for each new ap-
plication. For an every-day application
this is less important. The parts simply

have to be wired up correctly according
to an existing diagram. It is rather like
putting railway carriages in the right
order on the rails. For a complex appli-
cation, as required in the office or
telecommunication sector, the design of
an individual power supply system
would be a demanding and time con-
suming job for a highly qualified ‘archi-
tect’. To go for an individual special so-
lution obviously does not make sense in
this case. Here one must go for the
proven solution off the shelf – one com-
prised of tested elements which can be
put together in different ways.

Such a system should not only in-
clude switch cabinets with excess ten-
sion protection, power switches, auto-
matic fuses, input and output connec-
tors, distributors, the obvious UPS unit
with its set of batteries, but also a
comprehensive control and service
programme. Ideally a comfortable de-
sign programme greatly simplifies the
work of the system designer. The ad-
vantages are striking:
• Achieving greater reliability of the

whole system.
• Saving through the use of standard

modular elements.
• Testing of the entire system before-

hand made possible.
• Shortening of the installation time.
• Dealing with only one partner.
• Permanent monitoring, making vis-

ual checks unnecessary.
• Discovering potential problems in

advance.

Critical loads that overtax
an ordinary UPS system
There are extraordinary demands on
UPS systems in the area of telecommu-
nication, medicine and also industry.
Particularly critical are loads that must
under all circumstances be supplied
with electricity. Here a redundant sys-
tem is imperative. But there are also
other kinds of critical loads, namely
those that draw power in an extremely
pulsating manner (picture 17). Medical
scanners, computer tomography and
x-ray machines fall into this category
along with certain machines in indus-
try. These consume large amounts of
electricity for short periods of time. On
the right in the picture the effect on the
utility power can be seen clearly i.e.
sags and peaks of tension. These ad-
versely affect the operation of the in-
struments. It need hardly be said that a
power failure in a hospital is extremely
critical if some diagnostic process or op-

Near-by grid distorsion

Dynamic current absorbtion
Medical Scanner

Picture 17 Pulsating power consumption of a medical appliance.
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eration is in progress. Which patient
would be pleased about a power failure
while he is being examined or while the
computer is evaluating his data?

What is the problem in this case?
Ordinary UPS systems have great dif-
ficulty in supplying loads that use
electrical power in a fluctuating man-
ner. Here are the resulting problems:
the tension drops sharply and this in
turn causes the instrument to work
improperly. The simple sort of UPS
system may not even be able to sup-
ply a current that is higher than the
nominal one, not even for a short
time. What can the customer do? He
could opt for a (highly) over-rated UPS
so that it will be able to cope with the
fluctuations. However, the problem is
not yet solved. For a short interval of
time his unit is likely to deliver under-
tension, because it cannot cope with
the dynamics of fluctuation. When a
load is switched on, i.e. starts operat-
ing, the initial current causes the ten-
sion of the UPS to drop, the switching
off of the load causes the opposite, i.e.
a rise in tension. The other loads con-
nected to the UPS may suffer harm.
The European standard EN 50091 for
UPS defines variation in tension in
terms of dynamic changes of the load.
The UPS units of manufacturers
which guarantee this standard are,
however, far from being able to supply
critical medical machines adequately.
Class 1 standard allows a drop of ten-
sion of 30% during 6 ms while the
load rises from 0 to 100%. The same is
true for a drop of the load: the tension
may rise up to 30% during 6 ms. 30%
fluctuation in tension during 6 ms is a
lot for average electronic equipment.
GE systems offer ten times better val-
ues. With a change of load of 100% the
tension fluctuates a mere 3%. It is to
be noted that greater changes of the
load occur with certain medical in-

struments. It is worth the purchaser’s
while to make a very careful compari-
son. A cost comparison alone with a
standard unit (which would have to be
an over-rated one) simply isn’t suffi-
cient. In the medical sector the dif-
ference in price is a relatively insig-
nificant one when a high quality UPS
is being purchased – it amounts to
3–30%.

How does GE achieve these superi-
or values (compared to EN 50091)? GE
achieves them through the use of an
inverter with highly dynamic charac-
teristics in combination with special
output wiring. In particular through
the following three features:

• The output transformer has zigzag
windings, thus distributing a change
of load on one phase to two phases of
the output inverter. For very critical
loads an output transformer is usually
installed in the UPS unit for safety rea-
sons so that even in the worst case no
direct current gets through to the load.
• The output tension as well as the
output current are monitored directly
and are evaluated with regard to the
tendency to change (i.e. in a differen-
tiating manner).
• The highly dynamic SVM technolo-
gy (Space-Vector-Modulation) is used
for the control of the inverter. Most
equipment on the market still uses
PWM technology (Pulse Width Modu-
lation).

These three measures allow the unit
to discern changes of the load ahead
of time, and react through the inverter
within microseconds. The three fea-
tures together with elaborate DSP
technology (DSP=Digital Signal Pro-
cessor) have resulted in GE produc-
ing a UPS unit with 10 times better
dynamic values than those of the Eu-
ropean specification for Class One
UPS.

4 Intelligent software
makes the difference

Worldwide there are hundreds of UPS
manufacturers, but most offer only a
very limited range of units. If you start
looking for manufacturers who pro-
duce units for a few hundred watts up
to the megawatt range, the number
shrinks to a mere dozen. And if you
start looking for companies that offer
efficient monitoring and maintenance
software, the figure drops to a mere
handful of names. 

Installing a UPS correctly is one thing.
Shutting down all the computers in
case of a power failure is another – es-
pecially if no one is around. Pro-
grammes that are running have to be
stopped, open files have to be shut
down, and unsupervised systems
have to be shut down in a controlled
way. When the utility power is on
again, the UPS software takes care of
rebooting the system again. This is the
straightforward task of the so-called
shutdown programmes which most
UPS manufacturers offer free of
charge. The operation becomes more
difficult where a complex IT-system
with different operating systems and
hardware from different suppliers is
in use (Multi-Platform and Multi-Ven-
dor). The most difficult case is a de-
centralised system that has to be mon-
itored by remote control.

Functionality of the UPS software
This is best explained by giving an ex-
ample. Picture 18 shows in a simpli-
fied way the computer/UPS system
together with the server and various
customers online. By means of SNMP
the UPS units are integrated into the
IT-network (Simple Network Manage-
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Client Client

SNMP Manager

TCP/IP LANTCP/IP LAN

ComCard

TCP/IP 
LAN / WAN

Picture 18 Typical network configuration of UPS units and computers.
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ment Protocol, a worldwide standard
language for the communication be-
tween components of IT networks).
The UPS jumps into action as soon as
the utility power fails.

Taking the example of the GE soft-
ware ‘Suite’ the comprehensive func-
tionality is easily understood. The
software packet consists of two parts,
which can be used individually or to-
gether.

JUMP (Java Universal Management
Platform) affords high flexibility and
wide ranging independence from the
differences of the IT operating sys-
tems. JUMP jumps into action when
the UPS are integrated into the IT net-
work and when an orderly shut-down
of the whole system has to be carried
out, e.g. open communication links
having to be closed.

IRIS (Internet Remote Information
System) makes, as the name says, re-
mote monitoring of UPS possible.
Wireless systems such as GPRS and
UMTS are used to supplement the link
through the internet. IRIS has its
place when an independent structure
for monitoring is needed and when
people who are not part of the inter-
nal network have to be contacted, e.g.
service technicians of the UPS manu-
facturer.

JUMP will call on the person re-
sponsible for the software, IRIS on the
person responsible for the technical

infrastructure. Both software users
can adapt the programme and receive
the information in their own lan-
guage. The person responsible for the
software will receive it by means of
SNMP right into his network manage-
ment system (NMS) – the person re-
sponsible for the technical side of the
set-up will receive it in the form of
Volt and kW information.

Big supermarket chains –
maintenance of 1000 UPS
A chain of supermarkets may have
1250 shops and 160 restaurants. The
entire supply of goods is computer
controlled. In total this chain may
have 6600 cash points and 2600 com-
puters to support the cashiers in their
task. In most of the markets no UPS
are planned for the server, the net-
work and the scanner cassettes. If a
UPS does not work properly no one is
likely to notice it. After all you cannot
expect the personnel, in the rush of
serving customers, to take notice of a
warning signal coming from a UPS. In
an individual branch of a supermarket
chain it’s highly unlikely that some-
one is responsible for the computers
and the software. Therefore no-one
will do anything about the problem
with the UPS. UPS are there to bridge
power failures and these don’t happen
according to plan – but a faulty UPS

will in that situation not be of any use.
This calls for a solution. If there is a
fault in a UPS or if there is a utility
power failure the service centre of the
chain would like know what has hap-
pened and where (picture 19). Then,
when the case arises, the service cen-
tre will be able to act, i.e. send instruc-
tions to the particular branch. In this
way the problem can be solved or the
damage limited. Causes for faults in
UPS can be high temperature or unau-
thorised connecting of new equip-
ment. UPS units do require mainte-
nance! The batteries at least have to
be checked regularly. To do this for
1250 supermarkets is a major job, re-
quiring personnel. Therefore GE has
worked on a system to monitor the
state of UPS by remote control thus re-
ducing the number of breakdowns.

All the UPS are connected to the lo-
cal area network (LAN) by means of a
SNMP card. This card gives access to
remote maintenance. The UPS reports
any fault automatically. The report
goes to the regional centre as well as
the headquarters of the supermarket
chain. In addition, the technical serv-
ice centre of GE is notified. Depend-
ing on the kind of fault reported it will
be decided whether a GE technician
has to go to site or not. At the moment
this particular market chain has 300
UPS of 600 VA–400 kVA in operation,
all supplied by GE. In addition to this

Shop
Server

USVUSV USV

Shop sends
detailed info
to 2 servers.
Server sees
individual
UPS

Shop sends
Ticket to NMS
NMS sees
UPS as one
system

Network Management
System

Redunant Server in the control
center of the supermarket chain

JUMP Manager
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Servers

Both servers
send e-mail
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GE Service
& reg. support

If required,
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Support GE
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Start
data save
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chain support
(manned 7�24)
as redundant info
to JUMP server

Picture 19
Supermarket chain
with 1000 UPS units,
monitored by central
remote control.
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it has 500 UPS in operation from vari-
ous other suppliers, all of which will
shortly be replaced. The new UPS are
fitted with a device which calls the
service technician of the market
through a visual or audible signal.
Thanks to maintenance by remote
control and a warning system at the
main service centre it seldom hap-
pens that one of the UPS in a branch
of this chain breaks down.

5 Other things
that users of UPS
systems need to know

How can I calculate the correct power
requirement for a UPS system? How
can the UPS be tested to see whether it
actually works when there is a power
failure? What maintenance work is re-
quired? And last but not least, what
set-up suits the needs of my enter-
prise?

The right choice
Where you have one server with net-
work stations (probably not backed-up
by UPS) a unit providing a long autono-
my time in the case of power failure
doesn’t make sense – continuing work
is out of the question anyway. What is
important is that the components of the
network can terminate their application
in a controlled fashion before the bat-
tery power is gone. Normally a server
should be shut down within five min-
utes of a power failure.

In order to provide a fully automatic
shutdown of the above system the
right kind of UPS needs to be com-
bined with the right sort of software.
This software must be installed on the
server and possibly on other comput-
ers in the data network. When the
server is booted up after a power cut,
the batteries are still not recharged. A
second power failure could then lead
to a tragic collapse of the system. A
feature of sophisticated UPS systems
therefore is that the load can only be
turned on again after the batteries
have been recharged.

In computer centres in hospitals,
where shutting down the system is
not an option, the UPS is mainly there
to bridge the time between the begin-
ning of a power failure and the emer-
gency power generator (petrol or
diesel) providing (synchronised) pow-
er. In this case a few minutes of auton-

omy time are sufficient, but it must be
kept in mind that the back-up system
has to provide several hundred kVA of
power because the entire installation
is running on the UPS.

UPS are available from 300 VA rated
power up to 500 kVA. In the case of
more complex projects it is advisable
to consult a UPS expert. As already
stated, computer systems and indus-
trial plants that require a high level of
energy availability need a redundant
UPS system. The electrical planning
of such a project together with soft-
ware that is needed on different com-
puters requires considerable know-
how. In simple situations the cus-
tomer can chose the UPS himself. In
order to do that he first needs to calcu-
late the power requirement.

What power does a UPS need?
1. The first step is to define all the dif-
ferent loads that will be connected to
the UPS. It is important to remember
that it is not enough to only connect
the server. An operating system such
as Windows NT requires that the com-
puters in the network be shut down in
a specific sequence if the rebooting

after the power failure is not to last
hours or even days. It is also clear that
the monitors and external accessories
such as hard drives, tape drives and
active network components like
switches or routers must be taken into
account.
2. The next step is to determine
whether any subsystems need special
protection.
3. The complex power S* (VA value)
of each piece of equipment is to be de-
termined.
4. Is any system or network expan-
sion foreseen in the not too distant fu-
ture?
5. The UPS is to be rated according to
the addition of all the VA values.

Is the UPS functioning correctly?
Modern UPS units are equipped with
an automatic battery test that is per-
formed once or twice a month, but the
customer should perform his own test
once a year in order to verify the ca-

* Where the active power P is indicated, S is
approximately 1,4�P. The result is the ap-
proximate VA value. Or, where the voltage and
current consumption is known, then S=U�I.

Level of Type of UPS? Protection from what?
security Characteristics of the UPS? Used for what?

1 Off-line: Protection from power failures,
Dependent on utility power with regard NO protection from over-voltage.
to tension and frequency, switchover Single work place.
time 2–8 ms. Battery operation needed
in case of under-voltage. Square,
trapezium or sine wave voltage, shut-
down and diagnosis software optional.

2 Active Standby or Line-Interactive: Protection from power failures,
Dependent on utility power with regard and from over-voltage.
to frequency, over- and under-voltage Single workplace and small
is adjusted in steps using the auto-trans- multiple-workplace situations
former. Switchover time 2–8 ms. with network.
Square, trapezium or sine wave voltage,
shutdown and diagnosis software
optional.

3 Double conversion (VFI): Protection from power failures 
Double voltage conversion, load-stable and all faults in the utility power,
sine voltage independent of utility such as over- and under-voltage,
power, quartz-controlled frequency, distorted frequency and spikes.
no switchover time, galvanic separation Server and multiple workplace
from utility power. with network.

4 Double conversion (VFI) with RPA: Protection as in 3 with additional
Double voltage conversion, load-stable system availability thanks to
sinusoidal voltage independent of utility Redundant Parallel Architecture
power, quartz-controlled frequency, (RPA). Computing centres,
no switchover time, galvanic separation internet providers, mainframes,
from the utility power, parallel demanding multiple workplace
redundancy, upgradeable with regard computer systems, very sensitive
to power and autonomy, system industrial applications.
exchange without shutdown.



pacity of the batteries. Customers of
GE can leave this to GE specialists
who do the test via the internet. A bat-
tery test monitors how the battery
voltage behaves with time and load. If
the voltage sinks too quickly, the bat-
teries are defective. The time taken
for the batteries to discharge must not
be lower than the specified autonomy
time. If this is the case, all the batter-
ies must be replaced.

Is the UPS system adapted
to the level of protection needed?
UPS systems must fulfil very different
needs depending on the application.
In practice different security levels
are distinguished in UPS systems. For
example there are computer users
who simply want to protect their com-
puter from crashing in the case of a
power failure. Such users are at the
lowest level of security. A highly com-
plex computer network with a central

server is at a high security level. This
network must remain in operation
365 days a year and round the clock in
spite of power failures, and any other
problems.

Protection from lightning
A direct impact by lightning is very
rare, but the spin-off effects of light-
ning are devastating none the less.
Once lightning current has found its
way into the building, the computer
network is going to suffer major dam-
age. However, as just mentioned, a di-
rect lightning impact is very rare.
Most cases of damage stem from indi-
rect impact, i.e. when lightning strikes
somewhere in the vicinity. These can
be prevented, because an electrical in-
stallation or a computer system can
be protected, even from a direct im-
pact. But this is not possible simply by
using a UPS. Over-voltage because of
lightning (far or near) can reach the

building via the utility power net-
work, the telephone line or data-ca-
bles. In order to protect a building
from this, several options are avail-
able: a good potential equalisation
arrangement, Surge Protection De-
vices (SPD), and of course a good
lightning trap.

And finally
Not all UPS are of the same kind and
quality. Many users have had to learn
this the hard way. In the case of com-
plex systems in the computer sector
and industry in general, basic electri-
cal knowledge is no longer sufficient
to chose a reliable – and at the same
time adaptable – solution or even to
evaluate it. Reliability, professional-
ism and performance of the manufac-
turer are at least as important as the
technical specification of the system
itself.
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