




































































































































































































































the tube system. Since this, however, is never 
the case the electric strength is generally rather 
problematic. The prescriptions require an in­
sulation of at least 220.000 ohms between any 
two successive fuses or for each group of lamps, 
and as long as the installation does really show 
this insulation it is also reliable. But rather 
little is required to lower the insulation so much 
that danger arises. The worst enemy of tube 
installations is condensation of moisture within 
the tubes. There are still people who believe 
that an armoured tube installation is a closed 
system, and it is possible to so construct an in­
stallation of this kind that it becomes hermeti­
cally closed. This is done by sectionalizing the 
system into a number of small parts by means 
of filling in compound and by making tight all 
the tube joints by the aid of tow prepared with 
read lead. However, if only a rubber packing 
in a conduit box. is dried, or the sealing of a 
switch becomes untight, this is enough to give 
the external air free access to the tube system. 
As a rule the external air is supposed to have 
access to the tubes and it is endeavoured to re­
duce by drainage the risks thereby involved. 
Condensation of moisture in the tubes always 
takes place when the tube passes from a hot 
room to a colder one. As soon as the humidity 
of the air exceeds the point of saturation corre­
sponding to the existing temperature, part of 
it comes out in the form of water of conden­
sation. This water of condensation attacks the 
insulation of the conductors and makes the 
braiding rot away on the wires and the tubes 
rust internally. Current leakage takes place as 
well at joints dried through in the junction boxes 
as at points where the insulation is damaged. 

Most of the fires caused by electricity are due 
to defective tube installations. 

The result obtained from researches as to the 
numerous accidents in the rural areas was dis­
heartening, and it became clear to all parties 
concerned that the installation problem ought to 
be considered in full if a lasting result was to be 
expected. 

Upon the application of a number of persons 
interested in this question the Sieverts Kabelverk 
took up the problem in 1922. Quite naturally 
it was in the first place the conductors which 
were made the object of the interest of the fac­
tory, and by utilizing the experience gained 

Fig. 1. Lead covered rubber cables: 
Bare cable 
Unarmoured cable 
Armoured cable 

from the manufacture of lead cables, the con­
struction of lead covered rubber cables shown 
in tigure 1 came out as the result of a number 
of experiments. This cable consists of tinned 
copper conductors insulated by means of vul­
canized rubber. In the case of multi-core cables 
two or more such conductors are twisted to­
gether and further insulated with vulcanized 
rubber so that a circular cross section is ob­
tained. A lead sheath is pressed around the 
rubber and the bare lead covered rubber cable 
shown at the top of figure 1 is finished. Con­
ductors of this kind with uncovered metal sheath 
may only be utilized in places where they are 
protected from both chemical and mechanical 
injurs'. The lead sheath of the cable shown in 
the middle of figure 1 is protected from chemical 
action by means of a serving of asphalt com­
pound over which are wrapped several carefully 
impregnated cellulose tapes. Outermost is placed 
a braiding, likewise impregnated. Conductors 
of this construction can be installed anywhere 
where they are not exposed to serious mecha­
nical injury. The third cable shown in figure 1 
is the armoured lead covered rubber cable that 
has been most in use up to now. It has prooved 
to bear exceedingly well any kind of strain of 
mechanical as well as of chemical and electrical 
nature. The armouring consists of two lead-
plated and asphalted iron tapes. 

The outer braiding of the lead covered rubber 
cable is impregnated either with a kind of as­
phalt compound or with red lead and linseed-
oil. The first-mentioned impregnation is more 
resistant from the chemical point of view and it 
should be employed in all places where it is not 
desired to have the cable painted in other than 
black colour. But where that is the case the red 
lead impregnation is used. Places in which the 
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red lead impregnated cable is not resistant are 
those where the reaction of the condensed hu­
midity is basic. For linseed-oil is an organic 
grease which is easily changed into soap and 
washed away when attacked by basic solutions. 
As an example of places where the red lead im­
pregnation should not be employed may be men­
tioned cattle-stables of any kind and laundries. 

To secure a reliable installation it is not 
sufficient to possess excellent conducting ma­
terials but it is also necessary that fittings and 
switching devices should be just as reliable. To 
solve this problem was thus the next step in the 
work. As mentioned before the investigation of 
the older installation systems had clearlv mani-

Fig. 2. Complete lamp fitting with switch and shade. 

fested that in order to obtain a resistant instal­
lation in damp places all live parts ought to be 
hermetically enclosed. This was also made a 
condition not to be dispensed with when working 
out the constructions. Simplicity of con­
struction and resistance against all kinds of 
strains were also requirements which it was en­
deavoured to fulfil as far as possible. The result 
is indicated in figure 2 showing a complete lamp 
fitting with conduit box, switch and lamp holder 
with protective globe and shade. 

The junction box is made of lead-plated iron 
plate, japanned cast iron, or bakelite. In the 
metal boxes there is a connecting block of bake­
lite carrying two, three or four connection 
sockets. The connections are performed by-
looping the conductors around the sockets and 
fixing them with nuts. The switch is connected 
to the junction box by plugging three contact 

plugs on its upper side into the sockets of the 
connecting block. 

The switch is a press button switch man­
oeuvred by means of an external and an internal 
lever arm, both joined to a shaft placed in a 
special bearing. The cover of the switch and its 
inner conducting parts are made entirely of 
bakelite. On the off side of the switch, counted 
from the junction box, there are two sockets for 
the connection of the lamp holder. 

To the external manoeuvre arm of the switch 
is fixed a strap equipped at its other end with a 
pulling ring. This pulling strap can if necessary 
be led through a guide pulley or through glass 
rings to the place from where it is desired to 
handle the switch. It is, however, preferable to 
have the plant arranged in such a way that this 
procedure is not necessary. 

The lamp holder is also of bakelite, and by-
means of contact plugs it is either, like the 
switch, directly connected to contact sockets in 
the junction box or to a switch fixed to the 
junction box. The lamp socket is provided with 
normal Edison thread but this thread is not con­
ducting. Contact with the lamp is effected by-
means of a spring contact and of an elastic ring. 
Contact is not made until the lamp is almost en­
tirely screwed into the socket. Neither the lamp 
holder nor the switch are provided with any-
screwing devices, but are both held fast to the 
junction box by means of screws from the 
holding ring fixing the glass globe to the lamp-
holder. Between the different parts of the fit­
tings are inserted packings of first-rate rubber. 
Thanks to the broad and even surfaces between 
the various parts the stress on these packings is 
not hard and their life-time is therefore con­
siderable. 

The holding ring also holds in place the shades 
belonging to the fittings. If necessary a protec­
tive guard may be screwed to the holding ring. 

The protective globe consists either of ordi­
nary transparent glass or of glass with opale­
scent casing. The former construction is used 
in rooms where no very accurate work is to be 
carried out and the latter in places where the 
lamp glare may be dangerous or diminish the 
labour output. 

The reflectors of the fittings are of two kinds. 
One shades the light so as to produce a light 
cone with a top angle of 120° whereas the other 
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Fig. 3. Connector with rubber-lead packing. 

one gives a light cone with a top angle of 180°, 
that is, the light is shaded in such a way that 
the upper limiting surface becomes a plane going 
through the luminous body of the lamp. The 
reflectors are coded according to the top angle 
of the light and are called 120° and 180° reflec­
tors respectively. The first-mentioned one is 
more economic and should be preferred in rooms 
the height of which exceeds 3.5 meters. 

The most important detail of the construction 
is the jointing at the point where the conductor 
enters the junction box, and much construction 
and experimental work has been devoted to this 
detail, a work that finally resulted in the lead 
covered rubber joint shown in figure 3. It con­
sists of a rubber bushing both ends of which are 
covered with lead. Fig. 3 shows how the closing 
up of the joint is carried out. When the packing 
is compressed a metallic connection between the 
lead sheath and the junction boxes is obtained 
at the same time as the joint is tightened. The 

Fig. 4. Junction box with three outlets. 

lead sleeving on the rubber packing is hard pres­
sed to both the lead sheath and the metal socket 
of the box. At the same time as the lead grounds 
the metal sheath of the conductor it protects the 

Fig. 5. Complete lamp fitting without switch but with 180° reflector. 

rubber from attacks of the air, which prevents, 
if not entirely, yet to a high degree, the rubber 
from aging. Experience gained from delivered 
installations has shown that the rubber in 
packings being in service since more than 6 years 
is still just as soft and elastic as it was when 
installed. 

The parts described above, viz. junction box, 
switch and lamp holder with protecting guard 
and reflectors can be combined in many different 
ways. 

If a box is equipped with a cover as indicated 
in figure 4 we obtain a connection- or junction 
box. There are junction boxes with one, two, 
three, four or five outlets, and of connection 
blocks there are three 
kinds, viz. blocks 
with two, three and 
four connecting sock­
ets. By combining 
these two parts we 
can obtain 15 differ­
ent junction boxes. 
If in addition the 
packings are also 
varied an almost in­
finite number of com­
binations is obtained 
which should be able 
to satisfy almost any 
imaginable require­
ments. In the boxes 
one-, two-, three-, and 
four core conductors 
up to 6 mm2 can be 

210 

Fig. 6. Pendant with lead 
covered rubber conductor. 



Fig. 7. Connecting cover for pendant with lead covered rubber 
conductors. 

connected. For the connecting in of conductors 
thicker than 4 X 6 mm2 other boxes with bigger 
connectors are used. 

To each one of the abovementioned types of 
junction boxes can be screwed a lamp holder 
with or without reflector. In figure 5 is shown 
a combination of junction box, lamp holder with 
protective glass and 180° reflector. By fitting 
the switch in between, further combinations are 
obtained. 

To complete the system a pendant construction 
has been worked out. This pendant shown in 
figure 6 consists at the top of an ordinary 
junction box covered by a pendant cover of the 
construction indicated in figure 7. To this cover 
belongs a connector differring from the one 
described in the preceeding only by its somewhat 
greater length. In the pendant cover there is 
further a bakelite block carrying connecting pins 
in the case of the upper cover, and connecting 
sockets in the case of the lower cover, which is 
otherwise almost identical with the upper one. 
The pendant cable is armoured with iron wire 
and from figure 7 is seen how the connection is 
brought about. The armouring wires are bent 
around a ring which is placed between the 
packing and the screwing sleeve with a washer 
on each side. When the screwing sleeve is pulled 
tight the mechanical fastening of the armouring 
wires is brought about as well as the closing up 
of the joint and the grounding. At the bottom 
is fitted a lamp holder which can be equipped 
with reflectors or protective guards as wanted. If 
a switch is to be provided for such a pendant it 
should be mounted between the upper pendant 
cover and the junction box. 

Pendants always have some advantages over 
rigidly mounted fittings. So, for instance, the 
lamps last longer because they are less exposed 

Fig. 8. Junction box for connecting lead covered rubber cable to 
single core conductor. 

to vibrations. In addition, when using pendants 
it is easier to place the source of light at the 
point where it gives the best effect. The most 
important advantage is, however, that this kind 
of fitting is not by far so much exposed to che­
mical action. The walls of a room are generally 
colder than the air in the room, and the risk of 
condensation is at highest along these. It may 
be true that the absolute percentage of humidity 
in the air close by a pendant fitting at a distance 
of one meter from the ceiling, is the same as in 
the air near the ceiling, but since no cooling 
down takes place no condensation of water can 
occur on the fitting. It is therefore often 
possible to employ pendants without protective 
globes even in relatively damp places. In such 
cases lamps up to 200 watts can be used for the 
fitting shown in figure 6. 

To the system beloag further devices for her-
metical enclosing of lamps up to 200 watts. It 
does not pay to close in lamps of bigger size 
hermetically since the costs of the cooling 
arrangements required will be too high. As is 
known the life-time of a lamp is much reduced 
if it is not kept well cooled. 

When reconstructing older installations con­
structed with single core conductors, it is often 
necessary to have the possibility of combining 

Fig. 9. Simplified fitting for rubber-lead conductors. 
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in an easy way this system with the lead covered 
rubber cable system. For this purpose are used 
junction boxes with connectors for single core 
conductors as shown in figure 8. This figure 
shows a so-called Y-box to which two single 
core conductors are joined. The connectors for 
these conductors consist of a porcelain bushing 
and a rubber ring. In other respects it is iden­
tical to the box shown in figure 3. The rubber 
bushing shall close tightly to the rubber insula­
tion which necessitates the removal of the 
braiding. 

If the rubber-lead conducting material is to 
be joined to an armoured tube installation this 
is done simply by screwing the tube directly or 
via a reduction nipple into the junction box, the 
thread in the conductor inlet being of the nor­
mal size for the standard 19.2 mm armoured 
conduit (OP-tube). 

In places which are not damp a simplified 
form of fitting as shown in figure 9 may be em­
ployed. It consists of a standard table lamp 
holder mounted in a junction box. The box is 
then covered with a protective globe and the 
closed fitting thus formed can be equipped with 
protective guards and shades of various kinds. 

In dry places even if there is danger of fire 
these fittings are as reliable as those of the more 
expensive construction described previously. 
They are fire-proof only as long as the protec­
tive globe is unbroken, and this holds true of 
both constructions. In a damp room the simpli­
fied fitting is reliable as long as the protective 

Fig. 10. Supporting board with cable clip. 

globe is unbroken but if the globe is broken — 
an eventuality always to be reckoned with — 
the cable will easily be destroyed when the damp 
air gets access to the cable ends in the box. This 
danger does not exist in dry rooms where the 
simplified fitting may therefore be advan­
tageously utilized. 

In order that the advantages of the rubber-
lead conducting system shall be fully acknow­

ledged it is necessary to have it installed in a 
satisfactory way both technically and econo­
mically. It has already been pointed out that 
the worst enemy of this material in damp places 
is electrolysis which should therefore be neutra­
lized to the greatest possible extent. This is 
done by means of insulation. The fittings and 
conductors are insulated from the wall or the 
ceiling by being mounted on a board impreg­
nated with some good wood-impregnating stuff. 
This board is mounted at some distance from 
the wall boarding. The distance varies between 

Fig. 11. Wall inlet with supporting cleats. 

10 and 50 mm according to the proportion of 
humidity in the place where the installation is 
carried out. On this board (see fig. 10) the con­
ductors are mounted with double clips of im­
pregnated wood or porcelain. The latter ma­
terial is better but somewhat more expensive. 
The fittings and the clips are fastened by means 
of galvanized screws and the supporting boards 
by means of galvanized nails. 

Within breweries the use of supporting wooden 
boards is not desired. The fact is that the wood 
can get mouldy, and mould is one of the worst 
things met with in a brewery where only such 
fungi are desired as are necessary for the fer­
mentation of the beer. The conductors are 
therefore fastened immediately to the wall, to 
the ceiling, or to the iron framework with porce­
lain clips. 

In slightly damp places the supporting board 
can be dispensed with and cables and fittings 
be installed in the same way as in breweries. 
But in this case wood clips can be used without 
any risk. 

In dry places the cable is installed in the same 
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Fig. 12. Junction box for switch. 

way as an ordinary conductor in a soft metal 
tube (kuhlo-conductor) with a sheath of leaded 
or galvanized iron. But very often it is more 
convenient to make use of a supporting board. 
So for instance the installation will be easier and 
cheaper if a supporting board is used in the case 

cable. These cleats should have such dimensions 
that the bend of the cable does not exceed the 
one corresponding to a bending radius of five 
times the diameter of the cable. 

Ceiling inlets are carried out in the same way 
with the only difference that the cable should 
be equipped with a mechanical guard up to a 
height of 1.5 m above the upper surface of the 
framework. This guard can consist either ot 
an iron tube fixed to the cable with compound 
or of a properly adapted wood duct. 

When peeling the cable great care should be 
taken that the lead sheath is not damaged and 
also that it is well cleaned up at the point en­
compassed by the packing. This is necessary to 

Fig. 13. Electrical installation project for big farm. 

where the conductors are to be mounted under­
neath a concrete framework across the beams. 

Wall and ceiling inlets should be handled very 
carefully. The cable is here specially protected 
by means of a tube fastened to it with compund, 
before installing. The tube should be long 
enough to protrude at least 10 mm outside the 
wall, and the space between the tube and the 
wall should be carefully tightened, in a wooden 
wall with tow and oakum, in a stone wall with 
concrete or plaster. Figure 11 shows a wall in­
let with a lead tube fastened to the cable. In 
the same figure is also shown how supporting 
cleats should be applied at outward bends of the 

obtain an effective contact between the lead 
sheath and the junction box. 

Figure 12 shows the connections in a junction 
box intended for a switch. The connecting block 
in a box of this kind must be equipped with 
three connection sockets in order to permit the 
outgoing conductor to be connected either be­
fore or behind the switch. The connecting 
socket in the middle is surounded by a red ring 
and to this one the neutral wire should be 
joined. One of the conductors in the cable is 
red coloured and by joining it to the neutral at 
the distribution point and to the red sockets of 
all the junction boxes the correct connection is 
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obtained. On installation the lamp holder will 
be automatically connected to the middle con­
nection socket, and this whether a switch is 
mounted in between or not. The connections in 
the box are so arranged that the switch as well 
as the lamp holder can be joined to the junction 
box in one way only. This kind of connection 
thus eliminates every possibility of confusion. 

If the connections in the junction box are 

To derive full advantage of the rubber-lead 
cable system it is necessary to plan the instal­
lations correctly with application of all the possi­
bilities of combination offered by the system. 
This can be illustrated in the best and simplest 
way by an example. Figure 13 indicates a big 
farm the offices of which are in part built to­
gether. The current is three phase alternating 
current of 500 volts. From the aerial line passing 

carried out in the way shown in figure 12 the 
switch will serve not only the lamp holder moun­
ted directly on the switch but all the lamps be­
hind it as well. If, on the other hand, the out­
going conductors are connected to the same 
sockets as the incoming conductors the lamps 
lying behind will be entirely independent of the 
switch. If the outgoing conductor is a three-
core conductor some of the subsequent lamps 
may be manoeuvred by means of the switch 
fixed to the junction box and others be left in­
dependent of it. 

The junction boxes can of course be utilized 
for one or more junctions at the same time as 
they hold the switch and the lamp holder. The 
junctions can be connected before or behind the 
switch. 

by the farm an underground cable has been laid 
to a small transformer station erected in the 
yard between the buildings. From this trans­
former station underground cables go to all the 
buildings. For power purposes current of 500 
volts is used but for the illumination there is a 
transformer 500/220 volts. The lighting con­
ductors to the various buildings also consist of 
underground cables. In this way all live bare 
parts on the ground of the farm are avoided and 
at the same time the best possible reliability of 
service is secured. 

Figure 14 shows the light plant in the offices. 
It consists entirely of lead covered rubber cable. 
Since it is important from the point of view of 
saving current and with respect to the risk of 
fire that the conductors in the buildings should 
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not be alive any longer than is absolutely ne­
cessary, every group of lamps is equipped with 
an outdoor group switch which also lights an 
outdoor lamp. By looking out into the farm­
yard the owner can therefore immediately see 
whether the conductors within the buildings are 
alive or not. All the switches appartaining to the 
plant ar? placed near the lamps. Thus all spe­
cial switch conductors with the dangers they 
involve are avoided, and simultaneously the 
number of junction boxes is reduced. 

The question of costs is often decisive for the 
choice of installation system. The cheapest 
system is generally preferred. But even here 
the old paradox applies that "he who pays dear 
buys cheap". It is not the initial material costs 
and the installation costs that should be com­
pared to one another, but it is the sum of amor­
tization and maintenance costs that gives the 
real comparative values. 

Figure 15 shows graphically the costs of in­
stalled conductors for three installation systems, 

Fig. 15. Graphical tabic indicating installation costs with different conductor systems. 

If in planning an installation one hesitates 
whether to install a junction box or to put in 
a few meters more of cable it may be mentioned, 
by way of information, that the installation costs 
for a junction box correspond to that of five 
meters of cable. Thus, if it is possible to save 
more than five meters of cable it will be cheaper 
to install an additional junction box but in other 
cases not. 

As is obvious from figure 14 the length per 
lamp of the conductors is relatively small in the 
case of a well planned installation. Since the 
reliability is always depending upon the number 
of junction points and the length of the con­
ductors, the rubber-lead conductor system offers, 
in this respect as well, important advantages 
over older installation svstems. 

viz., single-core conductors on insulators for 
damp places, armoured conduit system and lead 
covered rubber cable installations. From the 
table is seen that the difference between the 
costs of installation of the conductors is rather 
small for the three systems. The rubber-lead 
conductor is somewhat cheaper than the single-
core conductor but somewhat more expensive 
than the armoured conduit. This is made still 
clearer by figure 10 showing a table of the costs 
of construction for a number of installations. 
Compared with the single core conductor the 
rubber-lead conductor system is cheaper through­
out, but it is somewhat more expensive than 
armoured conduit installations. The table shows 
that this additional cost in the two cases is 5 
and 9 per cent respectively. However, if we 
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Fig. 16. Examples of cable costs for a number of installations. 

compare the sums for the various systems it 
will be seen that the rubber-lead conductor 
system in the cases given is cheaper by 11 per 
cent on the average. 

In the case of a complete installation the 
rubber-lead system will, on the contrary, gene­
rally be higher in price, and the examples given 
in figure 17 show an average additional cost of 
22 per cent. This additional cost falls entirely 
on the fittings. The fittings are constructed to 
comply with requirements quite other and more 
rigorous than does the ordinary installation ma­
terial .and their price must therefore be higher. 
In order to reply to the question whether it will 
pay to install this more expensive material it is 
necessary to know the relative life-time of the 
various systems. Unfortunately it is not yet 
possible to answer to this question in full, hut 
experience has furnished certain figures which 
may be guiding. In the case, for instance, of a 
very complicated installation where the single-
core conductor system had to be replaced every 
three months the rubber-lead conductor instal­
lation was still after six years in a satisfactory 
shape. The construction of the system excludes 
any condensation whatever in the conducting 
cables and if it should occur in the fittings they 
ought to have been exceptionally badly moun­
ted. The fact that all live parts are hermetically 

enclosed in a carefully grounded metal covering 
almost excludes leakage. The result of all this 
is that the rubber-lead conductor installations 
are the least dangerous and the most fire-proof 
of all the systems. The electrical strength and 
the high insulation of this system place it in a 
special class. For an installation with lead 
covered ruhber cable it is stipulated a minimum 
insulation of 5 megohms, or more than 22 times 
as high as that prescribed for armoured conduit 
installations. To this comes that there are no 
difficulties whatever to reach this value, and as 
a rule the insulation is many times higher. 

In addition the rubber-lead conductor system 
has been throughout worked out with a view to 
neutralize chemical action. As has been men­
tioned above this purpose has also been fulfilled. 
This installation system is the only one which 
it is allowed to use in damp places where there 
is at the same time a risk of fire. According to 
the actual prescriptions it can and may be in­
stalled in any place where electrical installation 
is at all allowed. It makes possible unification 
and standardization of installation technics, one 
installation system for all kinds of places. 

In order to make it possible for owners of 
electric plants to have their installations moder­
nized without undue loss of time, a close collabo­
ration of all parties busy in the sphere of instal-
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lation technics is required. Above all it is of 
great importance that all consulting engineers 
make themselves thoroughly acquainted with 
the properties of the rubber-lead conducting ma­
terials. To facilitate this work the consulting 
firm Kraftkontrollen at Malmo has, at the 
request of Sieverts Cable Works (Sieverts Ka-
belverk) prepared a paper on installations in 
places exposed to moisture and to risk of fire. 
This paper from which the abovementioned 
figures 15, 16 and 17 are taken, shows clearly 
that the rubber-lead conductor system is always 
preferable both from technical and economical 
standpoint as soon as it is the question of instal­

lation in industrial premises or in the offices of 
a farm. 

For a contractor it is much less risk to work 
with first-rate material than to handle material 
near the limit of what is permitted. When it is 
to be tendered for an installation which is inten­
ded to be constructed throughout of first-rate 
material the contractor runs no risk of having to 
replace or reconstruct part of it. He can deter­
mine his costs entirely in advance and almost 
all points of uncertainty are eliminated. In the 
same way as a first-rate tailor gets better pay­
ment for a suit than does a second-rate one, a 
contractor who always deliveres a first-rate job 
can be well paid. 
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