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BENT LEIRA:

Parallel operation of
Diesel-generators

To obtain satisfactory parallel
operation between AC generators,
certain requirements concerning
the diesel engine speed governor
and the automatic voltage regula-
tor must be met. It is also neces-
sary for the operating staff to have
a clear understanding of the mean-
ing of the terms ACTIVE AND
REACTIVE power as well as a
knowledge of the devices which
control the sharing of the corres-
ponding loads between the alter-
nators.

For many electricians — espe-
cially those who are new to the
trade, or to those who have only
served in vessels installed with
DC power — these terms very of-
ten give quite some trouble, and
this article is written in a hopeful
attempt to throw some light on
these problems.

The synchronizing itself, and
connecting-up to the bus bars will
normally give very little trouble, as
long as the instruments, diesel go-
vernors and the associated electri-
cal wiring are in working order.

However, if the diesel governor
for example is functioning incor-
rectly thereby causing the fre-
guency to fluctuate, it is not at all
easy to synchronize the machine,
although this must be attempted.
Synchronizing under incorrect
conditions, as many electricians
have experienced, can cause black-
out with all the unavoidable trouble
following such an occurrence.
When synchronizing under appre-
ciable out-of-phase conditions,
high voltages will. be induced in

the main field windings, which in
certain conditions, may result in
breakdown (by puncture) of the
main rectifier.

Sharing of active load (kW).

When the alternators have been
synchronized and connected to
the bus bars they will have be-
come electrically locked together.
This means that the voltage and
the speed (or frequency) are iden-
tical for all generators connected
in parallel.

An increase of the fuel supply
to one of the engines will there-
fore not cause an increase in the
speed or frequency of the asso-
ciated alternator in relation to the
others. The result of an increased
supply of fuel to one engine is to
cause this to take over a greater
part of the total active load, at the
same time causing a slight in-
crease of the frequency, as meas-
ured at the bus bars.

After parallelling the alternators
the kW-load is shared between
the machines by the appropriate
operation of the engine governor
control switch located on the main
switchboard.

After having adjusted the load-
sharing as described above any
subsequent changes in load will
be shared automatically between
the alternators running in parallel,
assuming a correct setting of the
engine governors.

This automatic sharing of load is
given by the sloping characteris-

tic of the engine governor, which
will decrease the speed by about
4%, between no load and full
load. For instance if the frequency
is 62 Hz, at no load, the frequency
at full load should correspond to
about 59.5 Hz.

If the no-load to full-load speed
drop is equal for all engines the
load will be equally shared be-
tween them after synchronizing and
correct setting of controls. (See
figure 1). If however, the speed
drop is unequal for the different
engines the load sharing will also
be unequal. (Figure 2).

In order to find out if the speed
drop is correct the following pro-
cedure can be employed: —

We assume that one alternator
set is running and we will call this
set No. 1. Further we assume that
this set is running almost fully
loaded and that the frequency is
61 Hz, we now wish to check the
no-load to full-load speed drop
on another engine set, No. 2, which
is therefore started up, and syn-
chronized with the busbars.

Synchronization has been car-
ried out by the use of the engine
speed governor on No. 2 set only
so that the frequency at the busbars
is still 61 Hz and the kW-meter
for No. 2 engine is indicating near
zero loading. The load from No. 1
is now transferred to No. 2 set by
reducing the fuel supply to No. 1
engine. When the kW-meter for
generator No. 1 shows zero, the

‘load has been fully transferred to

No. 2 set and now we check the
frequency on the busbars. This
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should be about 58.5 Hz or about
4%, below the original value.

In the same way the other die-
sel sets can be checked. If the
speed drop is unequal between
various engines the necessary ad-
justments on the speed governors
must of course be carried out.

Another point worth mentioning
in connection with the governor is
the damping. If the damping is
too weak, there is danger of hunt-
ing, due to governors over-regu-
lating to correct for speed changes
due to sudden and great load
fluctuations.

Hunting i.e. instability of the gov-
ernors, may finally lead to a
black-out on the ship.

Backlash or dead motion and
wear in governors and transfer
mechanisms may lead to the same
result.

Load sharing of a reactive load
(kVAr).

It is well known that in AC mains
supplies the load is not a pure
(kW) load but a mixture of this and
a reactive load (kVAr).

The active load — which is meas-
ured in kW is the power devel-
oped by the diesel engine and by
being supplied to motors, heaters
and lamps — is further converted
into torque, heat and light.

The reactive load (often called
watt-less), which is measured in
kVAr, comprises the magnetizing
forces in motors, transformers etc.

The magnitude of reactive pow-
er does not influence the active
load, which means that the diesels
are not aware of high or low mag-
nitude of reactive power.

For the generator, however, this
load is very significant, as the to-
tal load — as seen from the gener-

ator — is the vector sum of both
active and reactive components.
(fig. 3).

The total load is also named the
apparent power and is measured
in kVA. The reactive load must
be shared about equally between
the generators and this sharing is
controlled by the automatic volt-
age regulator. How this is arrang-
ed will be made clear in the fol-
lowing: —

We know, that when the gener-
ators are operating singly, their
voltages can be varied a little by




means of an adjusting rheostat on
the control panel.

What actually happens is that
the magnetizing current for the gen-
erator armature is increased or
decreased, which causes a corre-
sponding alteration in the genera-
tor voltage.

Any attempt to carry out the
same procedure on generators
running in parallel will cause no
change in the associated genera-
tor voltage, since both machines
are conected to a main busbar
and, of course, should produce
equal voltages. The only result
of this attempt is to alter the
power factor of the particular gen-
erator i.e. its share of the total
reactive load, together with a mi-
nor increase or decrease in the
bus-bar voltage.

Therefore, when the generators
are running in parallel, the reac-
tive load sharing can be adjusted
by means of the trimmer rheostat
which is part of the automatic
voltage regulator equipment.

A subsequent increase in the re-
active loading should now be auto-
matically and equally shared be-
tween the generators. This is ob-
tained by electric circuitry, which
causes the generator voltage to
decrease ‘with an increase in the
reactive loading.

It would take too long here to
analyse in detail how this reduc-

" by the

tion is achieved, but we hope that
a study of the instruction manuals
and diagrams, which — we hope
— are still available on board,
will make this clear.

In the case of transductor-regu-
lated generators, however, the oper-
ation is in the main as follows:

The magnetizing current to the
main field winding is controlled
regulator-circuit current;
the higher the regulator current,
the lower the magnetizing current.
A stabilizing resistor is connected
in series with the regulator circuit.
A regulating current causes a volt-
age drop across this resistor. In
one of the main phases is mounted
a current transformer, the second-
ary of which is connected to the
stabilizing resistor in such a way
that an increase of reactive load
on the generator reduces the volt-
age drop across the stabilizing
resistor. A reduction of the voltage
drop will increase the regulating
current, which in turn, will de-
crease the magnetizing current to
the generator main field, and in this
way the desired end is achieved
viz. a rise in the reactive load-
ing is accompanied by a decrease
in the generator voltage.

The stabilizing resistor is adjust-
able and by moving the sliding con-
tact one way or the other, the sta-
bilizing effect (or voltage drop) can
be increased ordecreased. Thevolt-

age drop (stabilization) necessary
will vary from one installation to an-
other, but for regulators fitted with
Zener reference the voltage drop
should amount to about 0.5—1 %
from no-load operation to full-load
operation at power factor (cos phi)
= 0.8. For regulators with sole-
noid reference, a stabilization of
1—2 7% is usual. .

Regulators with solenoid refer-
ence are furthermore frequency-
dependent, and this will cause a
voltage decrease in proportion to
the drop in engine speed, as ac-
tive load is applied.

Generators with rotating exciters
and fitted with Brown Boveri quick-
acting automatic voltage regula-
tors are also stabilized by reactive
loading. The stabilizing principle
is similar to that of the standard
transductor regulators.

The importance attached to the
characteristics of engine speed
governors being identical, to
achieve equal sharing of the active
load, applies also to the falling
characteristics of the automatic
voltage regulators being similar,
to ensure equal sharing of reactive
loads.

The regulators will be correctly
adjusted by our Service Engineer
during installation, but later re-
pairs etc. may involve alterations,
which may necessitate readjust-
ment of the equipment. ]




