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"FESTSCHRIFT ZUM 70. GEBURTSTAG VON PROFESSOR 
Dr. A. STODOLA." 

PUBLISHED B Y ORELL FÜSSLI, ZÜRICH. 

This work was presented to Professor Stodola by his friends and scholars to commemorate 
the occasion of his 70th birthday. A number of interesting articles in the book were written by 
our employees and co-workers, as follows:— 

W. G. N O A C K : 

BIOGRAPHY OF PROFESSOR Dr. A. STODOLA. 

G. D A R R I E U S : 

CONTRIBUTION AU TRACE DES AUBES RADIALES DES TURBINES. 
Long radial turbine blades should be given a certain twist in order to adapt them to the 

increasing reaction with the distance from the shaft; in practice this is seldom done. This in-
equality in the degree of reaction is absent in ordinary turbines, due to the increase in the axial 
velocity of the steam towards the periphery of the rotor, but at the expense of a reduction in the 
power developed at the blade tips of the first wheels and a corresponding loss at exit from the 
last wheel. These losses can be avoided by inclining the guide blades in the direction of the plane 
of the wheel. 

Dr. J . VON F R E U D E N R E I C H : 

UNTERSUCHUNG DER STABILITÄT VON REGELVORRICHTUNGEN. 
A description of a device for mechanically testing the stability of governors, with the governing 

system of an extraction turbine explained by way of example. The device integrates linear dif-
ferential equations of any order with constant or variable coefficients. 

Dr. E. H O N E G G E R : 

ÜBER EIGENSPANNUNGEN. 
After a general discussion of internal stresses and heat stresses, the additional stresses liable 

to be produced in suddenly heated spheres and cylinders are calculated, and also the time which 
elapses before they occur. 

F. R I B A R Y : 

VERKÜRZUNG DER ANLAUFZEIT BEI DAMPFTURBINEN. 
Temperature measurements on a turbine which has been started up quickly. A description 

is also given of means whereby steam turbines and generators can be kept at the correct working 
temperature when shut down. 

C. S E I P P E L : 

WÄRMESTRÖMUNG IM SCHAUFELFUSS VON GASTURBINEN. 
The article describes the method of determining the temperature of the blades and rotors of 

gas turbines and illustrates how the calculation can be verified by simple experiments. 
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THE GRÜNEWALD METHOD OF BRIGHT-ANNEALING. 

DÜRING the present Century very big improvements 
have been made in every branch of the metal 

industry. The sizes of rolling and drawing mills have 
increased and a much higher degree of accuracy is 
now worked to. Only the intermediate and final stages 
in these two processes of rolling and drawing, viz., 
annealing, have not kept pace with the general deve-
lopment. More than 90°/o of all the products in the 
metal industry are still annealed by the same clumsy and 
inaccurate methods in general use over fifty years ago. 

The advent of the electric furnace opened the 
way to new possibilities, particularly as regards the 
maintenance of a more uniform temperature, but the 
problem of preventing the oxidation of the goods to 
be annealed, however, still proved insoluble. 

With the old methods of bright-annealing, such 
as filling the annealing pot with cast-iron chips, the 
cost of electrical heating proved prohibitive; and filling 
the muffle or furnace with inert, though, nevertheless, 
generally explosive gas, introduced so many incon-
veniences and additional costs that a wider use of 
this latter method was naturally out of the question. 

Comparatively early on it was found by ex-
perience that in order to obtain a bright surface of 
the annealed goods it is actually only necessary to 
provide protection against oxidation while the charge 
is cooling down. The Vitry method, for instance, 
depends on this fact, but since it involves the use of 
an inert gas, it has not been adopted very extensively. 

The Grünewald method of bright-annealing also 
depends on this fact. Instead, however, of using inert 
gas to prevent air from reaching the goods, the an-
nealing pot is rendered air-tight when the maximum 
temperature is reached, the principle being similar to 
that used for preserving fruit and other food-stuffs. 

Constructionally, the Grünewald pot differs from 
all previously used types in that it does not stand on 

Decimal index 621. 39 : 669. 8. 

the bottom of the furnace but is suspended inside it 
from the rim at the top. Also, the charge is not laid 
directly in the pot but on a special tray suspended 
from the cover by means of rods, the cover also serv-
ing to close the furnace. These new features allow 
of the following: — 

(1) Since the annealing pot is only stressed due 
to its own weight when heated, it does not need to 
be made so strong and therefore its weight can be 
very appreciably reduced. 

(2) The seal of the annealing pot is not in 
contact with the source of heat, and therefore an 
absolutely air-tight joint can be made in the simplest 
manner. 

(3) Part of the heat stored in the charge and 
in the pots can be recuperated without the use of 
expensive installations. 

The economic advantages are obvious. Instead 
of making the pots 20 to 30 mm thick out of cast 
steel or special plates, for temperatures up to 750 °C 
the casings can be made of 6 to 8-mm boiler plate. 
The reduction in the dead weight to be heated alone 
enables a saving in the current consumption of 15 
to 20 °/o to be effected. The thin walls also offer 
much less resistance to the passage of heat, so that 
the productive capacity of the furnace is very appre-
ciably increased. In general, the annealing pots used 
in electric furnaces have a longer average life than 
those used in other types of furnaces; the life of 
the Grünewald pot is still further increased due to 
the fact that it can be used until it becomes so thin 
as to be no longer air-tight (three to four millimetres). 
Even then it is only necessary to replace that part 
of the casing which is exposed to the heat of the 
furnace (and therefore subject to oxidation), while 
the cover lasts indefinitely so that the cost of 
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repairing a Grunewald pot is barely one quarter of the 
cost of repairing a cast-steel pot which is placed 
wholly inside the heating Chamber. 

As already mentioned, Grünewald annealing pots 
with very thin walls can be used. This enables the 
part of the pot exposed to the heat to be made of 
special heat-resisting alloy steel without rendering the 
cost too high. The thin walls, low weight, and the 
fact that the surfaces of the annealing pot are always 
free from oxide, allow the charge to be heated up 
and also cooled down in a much shorter time. Thus 
the number of annealing pots required for a given 
production is much smaller. Fewer furnaces are also 
required so that, neglecting the saving in floor Space, 
the total cost of the furnace plant complete with 
annealing pots is less than that of any other annealing 
plant for the same production even if the walls of 
the former are made of the more expensive non-
oxidizable metal. 

The annealing pots themselves are sealed simi-
larly to preserving glasses for fruit, by means of a 
rubber ring placed between the rim of the pot and 
the cover. The rubber ring is cooled by water cir-
culated in a groove and is thus prevented from becoming 
too hot, enabling it to be used hundreds of times. 

Other features of the annealing pot can be seen 
in Fig. 1. The process of bright-annealing wire and 
hoop iron is as follows:— 

Thegoods 
are first laid 
on the sup-
porting tray 
(Figs. 1 and 
2). The cover 
with suspen-

sion rods 
(Figs. 3 and 
4) is brought 
over the sup-
porting tray 
by the crane, 
and the rods 
are attached 

Fig. 1. — Section through a Brown Boveri shaft 
furnace with Grünewald annealing pot suspended to the tray 

inside it. 

I. Annealing pot. VI. Lifting rings. 
II. Fire-brick lining. VII. Tube for pyrometer. COVer IS DOW 

III. Lagging. VIII. Valve. 
IV. Cooling water groove. IX. Supporting tray. 
V. Rubber packing ring. X. Suspension rods. 

(Fig. 5). The 

lifted, to-
gether with 

• H l 

BROWN BOVERI 

Fig. 2. — Supporting tray partly loaded with coils of wire. 

the charged tray, 
carried to the pot, 
and lowered into 
it. Before bring-
ing the pot to-
gether with the 
cover to the fur-
nace, the cover 
is tightly clamped 
to the pot. By 
this means an ab-
solutely uniform 
pressure is exert-
ed on the whole 
of the rubber 
ring, and an air-
tight joint made 
between pot and 
cover from the 
beginning. The 
clamps are not 

shown in the 
figure. The cool-
ing-water groove 
is filled up with 

water before BROWN BOVERI 

bringing the pot 
to the furnace. 
The pot (Fig. 6) 

Fig. 3. — Cover of annealing pot with sus-
pension rods, lagging, valve, and 

pyrometer . 
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Fig. 4. — Charge of wire coils on supporting tray. Fixing the sus-
pension rods. 

can now be lowered into the furnace and heated up 
(Fig. 7). 

A large part of the air is expelled through the 
valve due to the expansion caused by the rise in 
temperature and also due to the vaporization of oil 
and grease which has adhered to the charge. The 
oxygen in the remaining air is used up in burning 
part of the oil vapour, so that the annealing pot is 
entirely free from oxygen long before the oxidation 
temperature of the charge is reached. The pressure 

Fig. 5. — Charge of hoop iron on supporting tray. Fixing the Sus-
pension rods. 

in the pot drops towards the end of the process and 
the valve then closes automatically. For safety, the 
valve can be screwed down tight when moving the 
pot. When the desired annealing temperature has 
been reached, the pot is lifted out of the furnace by 
the crane and hung in a cooling pit, where it cools 
in 12 to 20 hours. The good fit of the cover and 
of the valve prevents any air from entering during 
the cooling process, so that a vacuum up to 400 mm 
of mercury can be attained inside the pot. The valve 
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is opened at the 
end of the cool-

Figr- 6. — Annealing pot completely assem-
bled and ready for suspending in the 

furnace. 

Not only iron and steel, 
but any kind of metal can be 
bright-annealed in the Grüne-
wald pot. When treating 
metals which oxidize at a 
very low temperature, it is 
necessary to remove all ox-
ygen from the pot before 
this temperature is attained. 
The simplest way of doing 
this is to introduce a small 
quantity of red-hot charcoal 
into the pot just before seal-
ing it. 

Fig. 11 shows the arrange-
ment of a cooling plant in 
which the heat from the pots 
which are cooling down is 
used for warming up the 
freshly-charged pots. The 

ing process, l. e., 
when the tem-

perature has 
dropped to the 
value required for 
bright, blue or 
black dull an-
nealing, which-
ever is desired, 
and the charge, 
suspended from 
the cover, is lifted 
out of the an-
nealing pot. The 
supporting tray 
is now placed on 
the floor and the 
suspension rods 
are removed and 
immediately fit-
ted to another 
tray, ready loaded 

with a fresh 
charge. 

900 

°C 
800 

700 

600 kW 

% 
100 500 

20 100 

Fig. 7. — Brown Boveri shaft furnace with Grünewald annealing 
pot suspended inside it. 

Fig. 8. — Temperature characteristics and power consumption when annealing a 2000-kg charge. 
Ordinates : Temperature in °C and percentage load. O—A. Füll power consumption = 100 %. 
Abscissae: Time in hours. A—B. Power consumption between 50 and 100%. 
Curve I. Temperature at exterior of annealing pot. B—C. Power consumption between 0 and 50%. 

power saved by using such Curve II. Temperature of charge. C. End of annealing process. 
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Fig . 9. Plan and cross-sections of a cold rolling mill for hoop iron, with annealing plant in the same shop. 
Produetion up to 500 tons per month. 

a plant is anything up to 4 0 % . The number of pots 
placed in the pit to cool down together is varied 
according to the cooling speed required by the charge. 
The pots which have been brought up to the correct 
annealing temperature in the furnaces are suspended 
at I from small flat carriages provided with rollers 
running on rails along the top of the cooling pit. 
As each fresh pot is run into the pit, the whole row 
is moved up towards point II. The freshy-charged 
pots move in the opposite direction towards the fur-
nace in a pit immediately adjoining. The cold pots 
are always run into the pit at III and the warm pots 
removed at IV and placed in the furnaces. 

A current of air enters the pit at II and flows 
through it in a direction opposed to that in which 
the pots move. It cools the hot pots, thus heating 

itself, enters the warming pit at IV, flows over the 
cold pots, and leaves at III at a much lower temper-
ature. The draught can be produced naturally by 
connecting up the plant with a chimney, or artificially 
by means of an aspirator. In the latter case the 
draught can naturally be regulated as desired, and 
it is then also possible to use the warm air for heating 
purposes in winter. 

A plan and two cross-sections of a modern hoop-
iron rolling mill plant are shown in Fig. 9. Note that 
the annealing furnaces are arranged in the same shop 
as the rolling mills. Compared with older plants in 
which the rolling mills and annealing furnaces were 
in separate shops, this arrangement enables a big 
reduction in transport costs to be effected. It can 
obviously only be adopted when electrically-heated 
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Fig. 11. — Diagram showing the arrange-
ment of the plant in which Grünewald an-
nealing pots are cooled down and freshly-

charged pots warmed up. 

a. Annealing furnace with pot. 
b. Cooling pit. 
c. Annealing pots. 
d. Carriages in which pots are hung. 
e. Warming pit. 
f. Partition and supporting beam. 

g. Supply and discharge conduits for the 
cold and warm air. 

I. End where hot annealing pots enter. 
II. Exit for cooled annealing pots. 

III. Entrance for cold annealing pots. 
IV. Exit for warm annealing pots. 
Direction in which the annealing pots move. 

— — D i r e c t i o n of flow of cooling air. 

Fig. 10. — General diagram of connections of a Brown Boveri 
annealing installation. 

la . Regulator and indicator for the temperature at the exterior of the 
annealing pot. 

Ib. Regulator and indicator for the temperature at the charge itself. 
2a, 2b. Main switchboxes. 7. Pyrometer for measuring the tem-

3. Intermediate relays. perature of the charge. 
4. Push-button switch. 8. Pyrometer outside annealing pot. 
5. Potential transformer. 9. Annealing furnace. 
6. Circuit breaker. 
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annealing furnaces are employed, this being also the 
only case in which it is possible to realize fully the 
big advantages of the Grünewald annealing pot. 

Brown Boveri shaft furnaces, which are specially 
designed for using in conjunction with the type of 
annealing pots under consideration, are characterized 
by an extremely low current consumption and very 
good temperature control. The heating elements are 
divided into two or three sets according to the size 
of the furnace, and the current is regulated by the 
temperature regulators and automatic switches so that 
the required temperature is attained in the shortest 
possible time and is not exceeded at any point of 
the furnace. 

Fig. 10 shows the principal diagram of connec-
tiöns of an annealing furnace with two sets of heating 
elements. One set is connected to the 500-V three-
phase mains through the main switch 2a and the 
automatic circuit breaker 6, and the other set directly 
through the main switch 2b. Both main switches have 
over-current releases and are tripped by the relays 3 
through remote control. The two temperature regu-
lators la and lb, which also indicate the temperature 
of the furnace, control the power consumption by 
means of the relays 3 and the circuit breaker 6. The 
regulator la is operated by the thermo-element 8 
which measures the temperature at the exterior of 
the annealing pot. When the temperature to which 
the regulator has been adjusted by means of the three 
central contacts is reached, the power consumption 
of the furnace is regulated by the automatic device 6 

to between 100 and 5 0 % of its maximum value 
(see point A in Fig. 8). When the annealing process 
is so far advanced that 50 % of the furnace rating 
is too great for maintaining the desired temperature 
at the exterior of the annealing pot, the main switch 
2b is tripped by an intermediate relay (point B in 
Fig. 8) and from then on the power is regulated to 
between 0 and 5 0 % until at point C the temperature 
of the charge reaches the required limit. The main 
switch 2a is now tripped by the temperature regulator 
lb and the attendants are notified by an optical or 
acoustic signal. Thus the whole annealing process 
needs no supervision whatever, all that is required 
being to charge the annealing pots and convey them 
to and from the furnaces and cooling pits. Fig. 11 
illustrates the typical procedure when annealing a 
charge of hoop iron weighing 2000 kg, the charge 
not being preheated. The heating elements are switched 
in and out entirely automatically, with an accuracy 
of - t 5 0 C. Throughout the process the furnace is 
heated absolutely uniformly along its whole height 
and circumference. 

A metal which has been uniformly and completely 
bright annealed at the theoretically correct temperature 
can obviously be machined better and with greater 
accuracy, and it is only then that all the advantages 
of the new methods of rolling and drawing can be 
fully utilized and the work of these departments made 
as economical as possible. 

(MS  566) G. Keller. (E.  J. B.) 

DIRECT-READING VACUUM GAUGE FOR MERCURY-ARC RECTIFIERS. 

Adescription of the direct-reading vacuum gauge 
introduced by Brown, Boveri & Co. in 1924 

has already been published in this journal.1 The type 
for connecting up to a.-c. supplies is being used at 
the present time in many hundreds of rectifier plants, 
where it performs a very important service. In fact, 
it is indispensable for automatic plants. The degree 
of accuracy demanded of measuring instruments of 
all types is continually increasing and, as a consequence, 
certain improvements and simplifications had to be 

1 The Brown Boveri Review, 1924, No. 8, p. 160; 
1926, No. 9, p. 224. 

Decimal index 533. 82 : 621. 313. 73. 

made to the Brown Boveri vacuum gauge. The im-
proved design now meets all requirements regarding 
accuracy, simplicity, and reliability. A description of 
the instrument (Fig. 1) as now used for power recti-
fiers is given in the following pages. The primary 
windings of the saturated and unsaturated cores of 
the transformer 6 are connected to the auxiliary current 
supply through a series resistance 1 and the fuses 7. 
The secondaries of the two transformers are in series 
with a resistance 3, the field winding of the ferro-
dynamical galvanometer 4, and the hot-wire vacuum 
gauge 5. The coil of the galvanometer is connected 
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B c | 
through a built-in 
series resistance 2 
to the points A 

and C of the 
hot-wire vacuum 
gauge 5. 

In order to 
keep the measuring 
current of the va-
cuum gauge con-
stant even with 
variable network 
pressure, iron re-
sistances in the 
form of hydrogen-
filled lamps were 

originally used. 
These proved un-

satisfactory, be-
cause in time their 
resistance increas-
ed, causing a di-
minution in the 
measuring current. 
In addition, the life 
of these resistances 

is too short for plants which operate continuously. 
They were therefore replaced by current regulators, 
each consisting of a saturated and unsaturated trans-
former connected in parallel, thus also enabling the 
insulating transformer to be dispensed with. With 
voltage fluctuations in the network up to + 10°/o, 
this arrangement keeps the measuring current constant 
to such a degree that the pointer of the vacuum 
meter does not oscillate visibly. 

The principle on which the gauge works will 
be seen from Fig. 2. The primaries of the saturated 
and unsaturated transformers are in series and are 
traversed by a current which is kept at a constant 
mean value by a series resistance. Fluctuations in the 
network pressure also cause this primary current to 
fluctuate, and, therefore, the magnetic force in the 
laminations of the transformers. The overlapping of 
the secondary pressures of the two transformers, which, 
for the same frequency, are proportional to the lines 
of force, produces a constant resultant secondary 
pressure, independent of the primary current within 
very wide limits. The series resistance 1 in the 

Fig. 1. — Diagram of connections of a 
direct-reading vacuum measuring Instru-
ment with hot-wire vacuum gauge for con-
necting to an alternating-current supply 

with transformer. 
1. Series resistance in auxiliary circuit. 
2. Series resistance in moving-coil circuit. 
3. Series resistance in field circuit. 
4. Ferro-dynamical galvanometer. 
5. Hot-wire vacuum gauge. 
6. Transformer. 
7. Fuses. 

auxiliary circuit has an important effect on the re-
gulation, and, furthermore, enables the same transformer 
to be used for all frequencies between 25 and 65 cycles. 

The vacuum gauge was further improved and at 
the same time considerably simplified by choosing a 
value for the exciting current of the ferro-dynamical 
galvanometer which was also suitable for the heating 
current of the vacuum gauge. Since the Wheatstone 
Bridge of the vacuum gauge is connected directly in 
series with the exciting coil of the galvanometer, the 
heating current for the vacuum gauge can be maintained 
constant at practically all static pressures. The increase 
of the resistance between the points B and D of the 
bridge as the pressure drops is negligible, because 
the reactance of the whole circuit is several hundred 
ohms. On the other hand, by supplying the bridge 
from a shunt, the heating current changes with variations 
in pressure in the vacuum gauge, even if the total 
current is kept constant. In order to understand this 
last improvement better, the characteristics of the 
hot-wire vacuum gauge should be briefly described. 

When a constant heating current flows through 
the vacuum gauge, the energy converted into heat in 

N 

Fig. 2. — Characteristics of the transformer. 
1. Magnetic flux of the saturated transformer. 
2. Magnetic flux of the unsaturated transformer. 
3. Resultant power flux. 
AW/cm = Ampere-turns per centimetre. 
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Fig . 3. — Variation of the electrical energy in an internal branch 
of the hot-wire vacuum gauge . 

1. Electrical energy supplied (in watts). 
2. Energy (in watts) dissipated by radiation. 
3. Energy (in watts) dissipated by convection. 

an internal branch, e.g., AB in Fig. 1, varies as the 
pressure, because the temperature of the platinum 
wire, and therefore its resistance, increases as the 
pressure drops. 

To determine the energy balance of an internal 
branch of the hot-wire vacuum gauge for the simplified 
diagram shown in Fig. 1, the following terms are used: 

IH. Heating current in amperes of the vacuum gauge. 
Q. Heat in watt-seconds developed per minute in 

an internal branch. 
r0. Resistance in ohms of an internal branch at 

temperature t 0 in degrees C. 
t j . Temperature of an internal branch at a pressure 

of p millimetres of mercury. 
Tj.Tg. Absolute temperatures of an internal branch, 

i. e., of its surroundings. 
d, 1. Diameter and length of an internal branch in 

millimetres and metres, respectively. 
a. Temperature coefficient for the electrical re-

sistance of platinum. 
s. Coefficient of heat radiation of the black body. 

Y, cp. Coefficients of heat radiation for bright platinum. 
qk. Heat lost by convection. 
qs . Heat lost by radiation. 
qt. Heat lost through the ends of the wires by 

conduction. 
Q = qk + q s + q x -

When the vacuum is good, q ( , the heat lost 
through the ends of the wires by conduction, is only 
equal to a small part of the energy supplied to the 
instrument; it may be neglected for pressures greater 
than 5 X 10 3 mm Hg. 

The energy supplied to an internal branch is 
given by: 

Q = X " r° I1 +« (t,—t0)j 

The heat lost per second by radiation is: 

q ^ n - d - l - s - v V j V - V ] 

Therefore the heat lost per second by convection 
at gas pressures greater than 5 X 1 0 ~ 3 mm Hg is 
given by: 

qk = Q — q s -

i. e., qk = 

^ • r0 [ l + a ^ - O ] - * • d • 1 • s • Y • V [ V - V ] 

Substituting numerical quantities in these equations 
and employing the coefficients of radiation given by 

Fig . 4. — V e c t o r d i a g r a m for the fer ro -dynamical m e t e r . 

E. Network voltage. 
Jf. Exciting current. 
Ef. Exciting voltage. 
0 . Magnetic flux. 
Jf 
~~ Current in internal branch. 

JHi» Heating current in an internal 
branch. 

Ej)0. Induced voltage in moving 
coil. 

J])0. Induced current in moving coil. 
EAC. Voltage in bridge. 
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W. Geiss,1 for bright platinum, the Variation 

of energy shown in Fig. 3 is obtained. The 
increase in the energy supplied to the 
instrument with decreasing pressure has a 
very big influence on the sensitivity of the 
vacuum meter within a pressure ränge of 
0 to 2 0 X 1 0 ~ 3 mm Hg, because simultane-
ously with the increasing movement of the 
ferro-dynamometer of the vacuum gauge a 
current is induced at the points A and C, 
which produces the torque in the coil. The 
heating effect of this current in the mov-
ing coil is reduced to a certain extent by 
an auxiliary current, with a phase displace-
ment of about 93°, produced by the volt-
age induced in the moving coil by the 
alternating-current field of the instrument. The elec-
trical characteristics will be seen most clearly from 
Fig. 4. The dial of the ferro-dynamical instrument 
is illustrated in Fig. 5. The zero position is on the 
right-hand side so that the indications can be marked 
off from the left as usual. 

In automatic rectifier plants the vacuum gauge 
performs the important duty of maintaining the correct 
vacuum in the rectifier cylinder. According to the 
position of the pointer of the indicating instrument, 
the drop stirrup mechanism starts up or shuts down 
the pump set by means of a special switch. Fig. 6 
shows the diagram of connections for automatic plants. 

1 " P h y s i c a " : N e d e r l a n d s c h T i j d s c h r i f t v o o r N a t u u r -

k u n d e , V o l . 5 , 1 9 2 5 , pp. 2 0 3 - 2 0 7 . 
2 Bul le t in S . E . V . , 1 9 2 7 , p . 4 8 4 . T h e B r o w n B o v e r i 

R e v i e w , 1 9 2 6 , N o . 1 0 , p. 2 4 6 . 

Fig. 6. — Diagram of connections for automatic plants. 

1. Series resistance in auxiliary circuit. 6. Transformer. 
2. Series resistance in moving-coil circuit. 7. Fuses. 
3. Series resistance in field circuit. 8. Bi-metal motive system. 
4. Ferro-dynamical galvanometer. 9. Drop-stirrup. 
5. Hot-wire vacuum gauge. 10. Contacts. 

Like every measuring instrument, the accuracy 
of the hot-wire vacuum gauge depends to a certain 
extent on the temperature. Due to radiation phenomena, 
the temperature of the internal branch of the vacuum 
meter varies less than that of the external branch as 
the ambient temperature changes. If the pressure and 
heating current are constant, the voltage in EAC 
decreases with increasing external temperature, and 
thus the movement of the galvanometer diminishes. 
The total resistance of the moving-coil circuit is also 
dependent to a certain extent on the temperature 
and tends to reduce the movement as the ambient 
temperature rises. With the vacuum gauge connected 
up as in Fig. 1, the error introduced by the sensitivity 

1 
to temperature variations is about 

1000 
mm Hg per 

Fig. 5. — Dial, with Scale, of a hot-wire vacuum gauge with ferro-
dynamical indicating instrument. 

10° C and is of no importance for rectifier operation. 
The vacuum gauge itself requires no maintenance. On 
the other hand, it is important if accurate readings are 
to be obtained that the current for measuring should 
always be available, even if the rectifier is out of 
operation. As long as the heating current is switched 
in, the platinum coils of the vacuum gauge remain at 
a temperature above that of the surroundings, provided 
the pressure does not fall below 0-2 mm Hg. This 
prevents mercury vapour, and possibly any vapour 
from grease and oil, from condensing on the platinum 
wires and thus altering their radiation coefficient. 

(MS  558) E. Kobel. (E.  J. B.) 
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BIENNE SUBSTATION OF THE SWISS FEDERAL RAILWAYS. 

BIENNE Substation of the Swiss Federal Railways, 

which was put into partial Operation in December, 
1927, and into füll Operation in May, 1928, and since 
then has always worked in an entirely satis-
factory manner, is situated south of the 
locomotive sheds at Bienne between the 
tracks to Solothurn and Berne. It receives 
single-phase current at 66—60 kV, 162/3 
cycles, from the Swiss Federal Railways 
substation at Kerzers, and steps the voltage 
down to 15 kV, the Standard contact-
wire pressure of the Swiss Federal Rail-
ways. The energy stepped down is carried 
away by nine feeders. The tracks to Solo-
thurn, Berne and Neuchätel are each served 
by two of these feeders, and three are 
used for supplying current to the pas-
senger depot, the shunting yard and the 
locomotive shed. Possibilities of enlarging 
the substation are provided by means of 
two further 60-kV transmission lines to Dele-
mont, to be connected to the 60-kV lines 
Coming from Kerzers over the bus-bars of 
the substation, and two additional 15-kV 
feeders, the latter for the track to Sonceboz 
which it is proposed to electrify later on. 

Fig. 1 shows the main diagram of 
connections of the substation. The poten-
tial and current transformers, the equip-
ment for the location of short circuits, surge 
protection and auxiliary current supply for 
the substation have been omitted from the 
diagram, as well as the projected exten-
sions. With its aid it can be studied how 
the transformers, bus-bars, feeders and 
contact wires are protected by the various 
systems of oil circuit breakers, and which 
combinations can be made when a break-
down in a part of the system occurs. As 
a matter of fact, the high-tension side can 
be considered as split into two portions 
corresponding to the two 60-kV trans-
mission lines, which is facilitated by the 
existence of two systems of 60-kV bus-bars. 

Decimal index 621. 312. 62 : 621. 331. 31 (49.4). 

The two portions of the system are only connected 
at the 15-kV side. However, it is possible, as can be 
seen on the diagram, to establish connections also on 

Fig. 1. — Diagram of connections of Bienne Substation. 

1. Incoming 60-kV lines. 8. 15-kV bus-bars. 
2. 60-kV isolating switches. 9. Feeder oil circuit breakers. 
3. 60-kV bus-bars. 10. Contact-wire bus-bar. 
4. 60-kV oil circuit breakers. 11. 15-kV isolating switches. 
5. 3000-kVA, 60/15-kV transformers. 12. Line breakers. 
6. Earthing bar. 13. Earthing bar. 
7. 15-kV transformer circuit breakers. 
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the high-tension side in case 
of breakdowns or if it is desir-
ed to carry out inspections. 

It will further be no-
ticed that the neutrals of 
the high-tension side of the 
transformers are earthed 
through oil-immersed resist-
ances of 60,000 ohms each. 
On the secondary side one 
of the terminals must, of 
course, be directly earthed 
as is always done in railway 
service. 

In the usual buildings 
belonging to the substation, 
which also contain the oil-
cleaning equipment, a Work-
shop and an erection bay 
for the transformers, the 
two panels for the 60 and 
15-kV side are mounted. 

Similarly to Fribourg Substation, described in 
The Brown Boveri Review 1928, No. 5, Bienne Sub-
station is also equipped with automatic control appa-
ratus which enables the substation to operate with 
only one attendant. During normal working hours 

Fig. 3. — View from the control room. 

Fig. 2. — Bienne Substation. 

the attendant is on duty in the control room, but 
at other times he has merely to be available in case 
of emergency, and is summoned from his near-by 
dwelling by an acoustic signal if it should be necessary 
to make some switching operation at the control desk. 

The main task of the switchboard attendant, in 
the fulfilment of which he 
is considerably aided by the 
automatic devices, is the 
sectionalizing and cutting 
out of parts of the system 
affected by a short circuit. 
The automatic devices in 
Bienne Substation are of 
the type invented by Schild. 
Consider first the 15-kV 
side, which is particularly 
subjected to short circuits 
owing to its containing the 
contact-wire systems. When 
a short circuit occurs there, 
the corresponding feeder oil 
circuit breaker trips first, 
because its rupturing ca-
pacity is sufficient for all 
contingencies. Parallel to 
it is connected a testing 
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Fig. 4. — Section for an incoming 60-kV supply line. 

resistance of about 2000 ohms, which carries a 
current of about 7-5 A as long as the short circuit 
persists. A coil prevents the reclosing of the main 
breaker, which would otherwise occur every three 
seconds. If the short circuit persists for 40 seconds 
it is considered permanent, and the testing resistance 
is cut out by a special oil circuit breaker. The 
feeder breaker remains open and the switchboard 
attendant is called by the acoustic signal. He trips 
the different line breakers through remote control 
from the panel. Should the short circuit and therefore 
the current in the test resistance disappear before 
the 40 seconds have elapsed, the feeder breaker is 
reclosed automatically after three seconds, and normal 
operating conditions restored without the Intervention 
of the attendant. 

by means 

be immediately put into Ser-

vice again by reclosing the 

respective line breakers. 

A further automatic 
device is provided for the 
high-tension side breakers 
and the secondary trans-
former breakers. If such 
breakers trip on account of 
a short circuit, they are 
successively reclosed auto-
matically with the aid of 
a motor-driven Controller, 
provided there is voltage 

at their terminals. Those 

showing no potential differ-

ence on account of short 
circuit remain open. These 
breakers can be identified 

of the pilot lamps on the panel. 

Fig. 5. — Central gangway with transformers . 

In ease of a permanent short circuit, the feeder 
breaker can be reclosed after all the line breakers 
have been tripped, and the testing of the different 
lines departing from the section in question can then 
be undertaken. This is done by hand from the panel 
with the aid of a further testing resistance, which can 
alternately be connected in parallel with the different 
line breakers. In this way it is possible to locate the 
line affected by the short circuit. All other lines can 
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The transformers and the 
major part of the switch-
gear at Bienne Substation 
are of the outdoor type, as 
in nearly all other substa-
tions of the Swiss Federal 
Railways; a new kind of 
arrangement, the so-called 
"flat type" has, however, 
been adopted for this sub-
station. The essential fea-
ture of this arrangement is 
that the isolating switches 
are mounted on low concrete 
foundations, thus enabling 
the high structural steel-
work, necessary in the pre-
vious type of outdoor sub-
station, to be eliminated. 
This makes the whole plant very easy to supervise, that the bus-bars consist of copper cable, with very 
especially if the apparatus is placed exactly according widely spaced supports, instead of copper tubes. The 
to the diagram of connections as in Bienne. Further- increased space required by the new type of sub-
more, the flat-type substation can be erected at Station will not, in most cases, influence the first cost 
much lower cost, the saving being approximately 30 very much. 
to 4 0 % . It is also typical of the new arrangement The remarks made about the flat-type substation 

are illustrated generally by 
Figs. 2 and 3. The other 
figures show details of the 
plant, Fig. 4 illustrating one 
of the 60-kV sections, from 
the incoming line up to the 
part of the bus-bars and 
the two transformers belong-
ing to it, and Fig. 5 the 
central gangway with the 
transformers. Fig. 6 is a 
photograph of the feeder 
sections seen from the cen-
tral gangway, Fig. 7 of a 
central feeder section, and 
Fig. 8 of the outgoing 
lines in the direction of 
Zollikofen. Fig. 7. — Central feeder section. 
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The four main trans-
formers as well as the 
majority of the apparatus 
at Bienne Substation have 
been supplied by Brown, 
Boveri & Co. Other con-
tractors for some parts of 
the electrical equipment 
were the Secheron Works 
at Geneva, the Elektrizi-
täts A.-G. in Wädenswil 
and Messrs. Karl Maier, 
Schaffhausen. 

(MS  569) Th. Boveri. 

Fig. 8. — Outgoing lines in the 
direction of Zollikofen. 

NOTES. 

Testing-transformers type TPKH. 
Decimal index 621.314.3. 

THE design of a testing-transformer with auxiliary 
windings was described in The Brown Boveri Review 1927, 
No.4 , p. 105 under the title: "The new Brown Boveri testing 
transformer." This design has proved very satisfactory, 
and several such transformers have been built for pressures 
of 500 and 750 kV. Many advantages, especially as regards 
space requirements, accrue from producing such high 
pressures in a single transformer. Electrically the arrange-
ment is also better than when several units are connected 
up in series. This is particularly true as regards the capacity, 
which, up to the present, has often received too little 
consideration in high-tension testing laboratories. 

The insulation of the transformers is capable of with-
standing the most exacting requirements. Up to the present, 
no failures of the insulation have occurred. The glands 
on the bushing insulators have also proved very satisfactory. 
In fact, all the packing glands on the transformers, which 
have now been in use for a considerable time, have 
remained perfectly oil-tight. 

Fig. 1 shows a 500/750-kV  testing transformer of 
recent design with a one-hour rating of 500 kVA. Of the 
five terminals mounted half-way up each limb, one is for 
the end of the high-tension winding, and the other four 
for the ends of the exciter winding, which was made in 
two parts to enable the connections to be changed Over 
from 500 to 1000 V. 

When the two parts are connected in series, the füll 
voltage of the generator or induction regulator supplying 
the transformer can be utilized, producing a secondary 
pressure of 375,000 V. Both limbs are exactly simiiar, so 

Express locomotive for the Circumvesuviana Railway. 
Decimal index 621.334.2(45). 

A detailed description was published in The Brown 
Boveri Review, 1926, No. 9, of the railway (owned by the 

that, accord-
ing to the 

space avail-
able or the 
nature of the 

test being 
conducted, 

one or the 
other end of 
the high-ten-
sion winding 
can be earth-
ed. Low-ten-
sion terminals 
are provided 
on the lower 
yoke so that 
the transfor-
mer can oper-
ate with the 
mid-point of 
the high-ten-
sion winding K^jjP 
earthed. The 

transformer „ _ , _ „ . , . . . 
Fig. 1. — Testing - t ransformer type TPKH for 

can thus meet 500/750  kV. Rating 500 kVA. 
all require-
ments. (MS 562) A Meyerhans. (E.  J. B.) 
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Soc. An. per le Strade Ferrate Secondarie Meridionali, 
Naples) which encircles Mount Vesuvius, starting- from Naples. 
A t the time the article was written the passeng-er and 
goods traffic was considerable, and since then has developed 
to such an extent that it was found necessary to Supplement 
the normal motor coach Service by trains hauled by loco-
motives. The railway Company had already experienced 
very satisfactory results with Brown Boveri material, and 
therefore, at the beginning- of the present year, ordered 
a trial locomotive, type 1 Do 1, with Brown Boveri individual 
axle drive, from the Tecnomasio Italiano Brown Boveri, 
Milan. This is the first locomotive with this type of drive 
to be built in Italy, and, incidently, the 200th locomotive 
to be fitted with Brown Boveri individual axle drive. If 
the trials are satisfactory, four more similar locomotives 
will be built. 

The chief particulars concerning the railway and loco-
motive are as follows: — 
Gauge 950 mm 
Minimum radius of curvature on open sections 120 metres 
Minimum radius of curvature at points . 
Maximum gradient . . . . 
Maximum permissible axle load 
Kind of current 
Contact-wire pressure 
One-hour rating of locomotive 

shafts 
One hour tractive effort at 

wheels 
Tractive effort at starting . 
Maximum speed 
Weight of mechanical part 
Weight of electrical equipment 
Total weig-ht of locomotive 
Adhesive weight 
Total weight of train 

A contact-wire pressure of 850 V is used for the 
present motor coach Service. Later on, however, this pres-
sure will be increased to 1200 V for the whole railway 
system. When the system is extended (by the addition 
of connecting- lines) it is proposed to adopt, for the ex-

70 metres 
3 °/o 

. . . . 11 tons 

. . . . direct 
. 1 2 0 0 and 2400 V 
at motor 
1000 H. P. at 42 km/h 
tread of 

6200 kg 
9500 kg 

70 km/h 

approx. 
approx. 

approx. 
approx. 
approx. 
approx. 

41 tons 
16-3 tons 
57-3 tons 

41 tons 
200 tons 

Fig. 1. Express locomotive for the Circumvesuviana Railway (Italy). 

tensions, a pressure of 2400 V, which is very widely used 
in Italy at present. 

The general layout of the locomotive will be Seen from 
Fig. 1. From the mechanical point of view the chief interest 
centres in the arrangement of the running gear. The narrow 
gauge, and, in particular, the sharp curves on open sections 
which have to be negotiated at normal speeds, introduced 
some quite new problems regarding the general running 
characteristics of the locomotive, particularly on curves. 
There are four sets of 1400-mm diameter driving wheels, 
and the two middle axles, which are mounted directly in 
the frame, have a lateral movement of 2 X 15 mm. Each 
of the two outside driving axles is combined with the ad-
jacent pony axle in such a manner that by means of an 
arrangement recently developed by Brown, Boveri & Co. 
it is forced by the pony axle to adjust itself in an approxim-
ately radial position on the curves. The locomotive has 
outside frames, and the gear for transmitting the power 
to the driving axles therefore lies inside the frames and 
driving wheels. The torque is transmitted from the shafts 
of the double motors by two pinions on to a large spring 
gear wheel (reduction 7 - 4 3 : 1 ) the boss of which is rigidly 
fixed to a hollow shaft. The driving- axle is connected 
with this gear wheel through the well-known Brown Boveri 
universal coupling. 

The following points concerning the electrical equip-
ment should be mentioned. To avoid expensive alterations 
later on, the electrical equipment must be made suitable 
for operating on either of two contact-wire pressures. Using 
four double groups of motors provides the best Solution. 
The two motors in each group are connected permanently 
in series. With a contact-wire pressure of 1200 V, all four 
groups of motors are connected in parallel. At 2400 V, 
two groups of four motors each, all connected in series, 
are formed, and these two groups connected in parallel. 
The connections can be changed over at any time from 
1200 to 2400 V by means of a voltage change-over switch. 
Two field-control positions are provided on the last notch 
for increasing the speed of the motors if this should be 
necessary due to a drop in the contact-wire pressure. The 
motors are cooled with forced draught. Bridge connections 

are used when starting, and the 
12 groups of resistors, which, 
according- to the contact-wire 
pressure, are connected up in 
series or parallel, are cut out in 
steps by a mechanically operated 
cam Controller. The resistors are 
of cast iron. The other appa-
ratus in the main circuit, and also 
the auxiliary equipment, must be 
suitable for the two contact-wire 
pressures. A Brown Boveri reci-
procating- compressor supplies 
the air for the pneumatic con-
trol apparatus and for the 
Westinghouse brakes. 

The Tecnomasio Italiano 
Brown Boveri, Milan, will supply 
both the electrical and mechanical 
parts, the latter being built in 
their Workshops at Vado Ligure. 
(MS 557)  E. Hugentobler. (E.J.  B.) 
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AUTOMATIC HYDRO-ELECTRIC STATIONS 

FORCES MOTRICES APPENZELLOISES ET S T - G A L L O I S E S , ST. GALL. 
Montlingen Power Station on the Rhine Valley Inland Canal; 700-kVA alternator driven through step-up gearing, 74/750 r. p. m., 400 V, 50 cycles. 

NO WAGES - NO ERRORS 

THE LARGEST UNITS SWITCHED IN WITHOUT SHOCK 

CONTROLLED FROM MAIN STATION MANUALLY OR AUTOMATICALLY 
ACCORDING TO TIME, HEAD OF WATER OR POWER REQUIRED 

29 STATIONS WITH 34 ALTERNATORS FOR A TOTAL OUTPUT OF 48,500 kVA 
ALREADY SUPPLIED OR ON ORDER 

MAXIMUM OUTPUT PER SET UP TO THE PRESENT: 7500 kVA 



BROWN, BOVERI & COMPANY 
LIMITED 

BADEN (SWITZERLAND) 
WORKS: BADEN AND MUNCHENSTEIN (SWITZERLAND) 

NORGES VASSDRAGS-OG ELEKTRIS1TETSVESEN. NORE POWER STATION I (NORWAY). 

Four 150-kV, 400-A oil circuit breaker sets for the main transformers. 

OIL SWITCHES - SOLENOID AND REMOTE MOTOR CONTROLS 
CURRENT AND POTENTIAL TRANSFORMERS 

TRANSMISSION LINE EQUIPMENT - HIGH-TENSION FUSES 


