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struments for the high potential receiving and lower potential
distributing circuits, completes the distributing station equip-
ment,

The line is usunally the weakest link in the chain, being
exposed to the weather, and not under that careful supervision
which is given to the rest of the plant. The pole line as a sup-
porting structure must of course be of the solidest to stand the
strains imposed, not only by the weight of copper, but in these
latitudes by a great weight of ice also, which if assisted by a
gale will try the best work to the utmost. Poles of cedar, pine,
or chestnut of very heavy section are necessary for this work.
They should be set in concrete or broken stone and heavily
guyed on curves, or i certain positions double poles with heavy
cross arms between should be used. The insulators for high
potential work arc universally made of porcclain, as that material
weathers better than glass and is not so hygroscopic. This por-
celain should be so vitrified as to exhibit a fracture hke glass
when broken, otherwise it will absorb tmoisture and break down.
To minimize surface lcakage. which. if severe, may burn off
the pins, the surface over which it has to take place is made as
long and of as small surface as pussible. To assist in reducing
s leakage, insulators with oil in grooves, over the sur-
face of which the leakage must take place, have been tried and
found to work well when the oil surface is clean. bat in opera-
tion dirt accumulates and troubles ensue so that the plain por-
celain insulator of large insulating surface and high resistance
to picrcing is now the standard.

The copper circuits are of bare copper, as weather-proof
insulation at high voliages is perfectly useless. The cross scc-
tion of the copper being of course so proportioned as to give
the loss determined upon as suitable for the conditions cxisting.
These conditions depend upon the cost of the power, the amour:t
available and the demands. The loss may be reduced to any
oxtent by the use of more copper, but unless there is a demand
for the power saved, which will pay interest and depreciation
on the additional cost of circuits, no economy results. On the
other hand. the copper may be reduced and the losses increased,
but only within the bounds set by the demands of good regula-
tion. In practice a loss of 15% is scldom exceeded, and a very
common allowance is from 7% to 10%.

Scveral cffects manifest themselves in alternating lines which
do not exist on those of direct current systems, and they deserve
the closest attention in planning the system. While the actual
losses in direct and alternating work are about the same under
the samce conditions, the drop in voltage in the former 1s a
measure of that loss. while in the later it may be no indication.
In fact, it is possible to so arrange the circuits in some cases
of alternating work as to have a greater voltage at the end of the
circuit than is gencrated at the station, but this does not indi-
cate that the line generates power of itself; it simply means
that, while the self-induction and capacity of the line and load
raises the voltage, much as a water ram in a pipe line raises
the pressure, it at the same time throws the current out of phasc
with that voltage. and the real power is that obtained by the
multiplication of the apparent volt-amperes by the cosine of
the angle of lag introduced Tt is thercfore only possible to
rcad the power indications of a Watt-meter, which instrument
takes account of this angle while the volt and amperc meter
readings which arc used to determine direct current power are
not reliable for the alternating  This increase of voltage may
urder certain conditions become so serious as to cndanger the
insulation of linc and apparatus. In most cases it is advisable
t reduce the induction as much as possible, and to effect this
the wires on opposite sides of the circuit are strung as closely
togcther as is consistent  with safety, and several wires of
cquivalent cross section used rather than a smaller number of
larger arca. To do away with unbalancing of the phases of the
svstem. the circuits should be strung symmetrically, which is
cffected in the casc of two phase lines by placing the going and
returning wires of cach phase on the opposite cnds of the
diagonal of a square, and in three phase lines by stringing the
three conductors at the corners of an cquilateral triangle. As
tightning may causc trouble, not only by direct stroke, but by
the accumulation of static electricity upon the lines, means must

be provided for getting rid of it safely. To this end, guard lines
of barbed wire are strung above the circuits, and these arc
grounded at frequent intervals,

The apparatus in the gencrating scction of the plant con-
sists of the water wheels, generator, raising transformers and

switchboard apparatus, Regarding the latter two, the same
remarks apply as were made regarding similar apparatus in the
distributing station. As to the generators, their size is usually
limited Ly the power of the water wheel units, and their speed
by the wheel speed unless gearing be used. The usual method
of attacking the question with direct connected units is to
arrange for as powerful wheels as is possible consistent with
having the proper size units to handle the load properly, and
designing the generators properly to suit the wheels as regards.
size and speed  Vertical turbines with the rotating part of the
geucrator tevolving in a horizontal plane are usual, but, in
several recent plants, horizontal turbines are used direct con-
nected to the generators, which in that case are below the
ciest of the dam and above the tail-race by an amount deter-
mined by the height of the draft tube. The first system intro-
duces footstep bearings, which are always more or less objec-
tionable, but removes the delicate armature windings from
chance of damage by water. The second places the generator
at the mercy of water-tight bulkheads and stuffing-boxes. As
to the voltage to be generated upon the machines. if raising
transformers are used, this is of little .consequence unlesé from
a machine designer’s point of “view, as the transformers will
have cqual cfficiency at any ratio of transformation. When the
transmission voltage.is not dangerously high, it is of course
preferable to do away with these transformers, and generate
directly on the machine. In deciding this point it must be
kept in mind that the failure of a transformer through the break-
ing down of insulation is a much less ¢ vious matter than that
of a generator, which is less likely to occur when that apparatus
is of low voltage. Owing, however, to :mproved types of
generators, we may expect to see raising transformers dispensed
with v many cases where they would have been deemed ihdis-
pensable with older types.

In specifications drawn up for the gencrating apparatus,
the following points are strongly insisted upon : (1) That the
heating of any part shall not exceed a certain specified tempera-
ture after a certain length of run at full load and an additional
time at a certain specified overload. (2) That the cfficiency at
full load, three quarters, one half. and one quarter loads, shall
be guaranteed by the tenderer and proved by test. (3) That the
regulation of the generator shall be within a certain per cent.
at full non-inductive load (4) That the insulation of any part
of the machine shall not break down under a specified voltage
which is high cnough to allow of a good factor of safety over
the normal pressure.  Although it is impossible to specify
limits for these requirements which will suit every case, it may
be said generally that the allowable increase of temperatures for
large generators ranges from thirty to forty degrees centigrade.
The full load efficiency from ninety-four to ninety-six per cent.
The regulation depends upon whether the machine is compound
wound or not. In the former case the regulation may be any-
thing for which the compounding is set, and in the latter from
three to ten per cent. The test voltage applied ranges from
three to ten times the operative, the former factor for high
voltage machines, the latter for lower voltages. The modern
generator being either of the inductor, or revolving field type,
in which the high potential armature windings are stationary.
lends itsclf to high voltage generation. as the insulation spaces
may be increased largely without rendering the machines un-
wicldy, for the rcason that the armature wires are distributed
over the outside ring where space is more abundant. and the
vibration of running. which abrades. and finally breaks down
the insulation on the older revolving armature types is largely
absent in the newer machines.

(To be continued.)

w ANTED-—"Position by stationary engineer, second-class certificate of the Oin.
tario Ascoclatinn. Tenyears’ expericnce; strictly temperate.  Apply * NOR-
WOO0D,” care Conrdjan Englneer.

pERBONAL—WiII Mr H. Weir, who formeriy resided at 42 St Alexander St..

Montreal, kindly communicate with us, Any frirnd of Mr Weir knowine his
present address will oblice by calling hisattention to this advertisement BIGGAR,
SAMUEL & CO., Poblishers Canadian Engineer, Fraser Bullding, Montreal.

TE_NDERS FOR BRIDGE CONSTRUCTION

OFFICE OF THE QUEBEC BRIDGE CO., LIMITED

Sealed proposals for the construction of a combined Railway and
Highway Bridge across the River St. Lawrence, near Quebec, will
be reccived by the undersig: ed until noon, Monday, January znd, 1899.

Forms of tender, with circular of conditions, specifications, &c.,
can be bad on application to the undessigned. _

The company does not bind itsell to accept the lowest or any
tender. .

ULRIC BARTHE, Secretary
Quaebec, September 24th, 1858,
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