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This invention concerns improvements in or 
relating to electro-magnetic regulating appa 
ratus and is more especially concerned with so 
called carbon pile regulators such as are common 
ly employed, for example, in lighting installa 
tions on railway vehicles. 

In a regulator of this kind, it is necessary that 
the electro-magnetic actuating force, the reac 
tion of the carbon pile, and the force of the usual 
Spring or equivalent loading means should be 
balance over the range of operation of the regu 
lator. As the reaction of the pile, which va 
ries according to a given law, is a relatively small 
Component, the required balance involves the 
matching of the torque movement characteristic 
of the electro-magnetic actuating device against 
that of the Spring or other loading means. Thus, 
if the characteristic of the electro-magnetic de 
vice is of a complex or curved nature, as has 
hitherto been the case, a relatively, complicated 
Spring compensation System is required to pro 
vide a characteristic that can be matched with 
it. 
The principal object of the present invention 

is to provide a magnet system having a charac 
teristic of a shape substantially conforming to 
a part of a Sine curve, particularly that part 
thereof which is nearly a straight line. Such a 
magnet System can be readily matched with a 
relatively simple spring system. With this ob 
ject in view according to the present invention 
use is made of a magnet system with a rocking 
rotor whereof the faces which come opposite 
the pole-faces of the magnet in the attracted po 
sition of Said rotor are of circular shape. 
Thus the magnet System may comprise a rotor 

wholly or in part of substantially circular cross 
Section mounted So as to be capable of rocking 
about a diametrical axis at the mid-point of its 
length and a magnet having opposed pole-faces 
between which the rotor is arranged to rock, said 
faces being of a concave cylindrical profile con 
Centric with the aforesaid axis of the rotor and 
the rotor-ends being of convex cylindrical pro 
file also concentric with said axis. The said pole 
faces are preferably of rectangular shape. A 
magnet System of this nature has a declining 
characteristic of the aforesaid required shape 
over a large range of movement of the rotor, i. e. 
from an initial position in which the leading tips 
of the rotor almost overlap, or slightly overlap, 
the adjacent tips of the pole-faces to a final posi 
tion in which the rotor is located between the 
pole-faces. As a consequence, the magnet sys 
tem can be readily matched with a spring system 

(C. 171-229) 
consisting essentially of a simple spring acting 
upon the rotor through a plain crank arranged 
So that the lever arm decreases as the rotor is 
attracted into the magnet. 
Two embodiments of the invention will now be is 

described by Way of example with reference to the 
accompanying drawings, in which: 

Fig. 1 is a rear elevation of a carbon pile regul 
lator intended more especially for dynamo regu 
lation purposes in train lighting installations, 0. 

Fig. 2 is a vertical Section thereof. 
Fig. 3 is a front elevation of a carbon pile regu 

lator intended more especially for lamp voltage 
regulation purposes in train lighting installations, 
and 5 

Fig. 4 is a vertical Section thereof. 
Referring first of all to Figs. 1 and 2, the wa 

rious component parts of the regulator are mount 
ed upon a frame?. The iron magnet core 2, which 
is of approximately inverted U-shape and car- 20 
ries the exciting winding or windings 3 upon its 
yoke portion, is carried in a foward extension 4 
of the frame . Supported in ball bearings 5 in 
the main frame and forward extension 4 is a 
Spindle 6 carrying an iron rotor 7 located be- 25 
tween the opposed pole-faces 8 of the magnet 
Core. These pole-faces are of a concave sub 
stantially cylindrical profile (Fig. 1) concentric 
With the axis O of rotation of the rotor and 
of rectangular shape, as shown in Fig. 2. The 30 
convex end-faces if of the rotor are also of cy 
lindrical profile struck from the axis O. Con 
Sequently, When the rotor is in the attracted 
position (Fig. 1) in which it extends between 
the pole-faces 8, the air gaps between said pole- 35 
faces and said rotor end-faces are of uniform 
Width. The rotor 7 is a cylindrical body of uni 
form circular shape. With this arrangement it 
is possible to provide a magnet System having a 
declining characteristic of a shape substantially 40 
conforming to a part of a sine curve, particu 
larly that part thereof which is nearly a straight 
line. 
An overhanging extension of the spindle 6 on 

the rear side of the frame carries a disc 6 45 
and a crank . The latter is connected by a 
Crank-pin 8 to a push rod 9 carrying a com 
pression plate 28. The pile 2 of thin carbon discs 
is arranged between the plate 2C and a top plate 
22 having an upward extension 23 which is con- 50 
nected by a pivot 24 to a bracket 25. This bracket 
is mounted upon the top of the frame in a 
vertically adjustable manner by means of a screw 
26 with a grooved head 27 engaged by the forked 
end of said bracket and is locked in position by 55 
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2 
neans of a screw 28 passing through a slot 29 in 
said bracket. Insulated pins 30, dependent from 
the plate 22 and cairying a plate 3 through a 
hole in which the rod 9 freeiy passes, constitute 
a cage in which the pie guided with a slight de 
gi'ee of freedom. A pr8 ctically vertically disposed 
helical tensioi Spring 32 of Substaitial length is 
connected between a metal tape 33, which is an 
choired to the disc 6 between slightly curved 
blocks 34 preventing too siharp fiexure of the tape 
33, and an adjustable attachment means 35 which 
is substantially identical with that of 25-27 for 
the pile. The disc 6, which may be mutilated as 
shown, also carries a crank-pin 35 connected with 
a dash-pot 3. 
The point of attachment, of the tape 33 to the 

disc 3 is sciewin at to oils side of the botton 
dead centire thereof. As the rotor 7 moves be 
tWeen the poie faces 3 fron its initial position, in 
Which its longitudiinal axis lies as indicated by a 
chain line in Fig. 1, towards the end position illus 
trated i: Fig. , the aforesaid point of attachment 
travels towards the dead centre so that the effec 
tive lever ariin with 'hich the spring 32 acts upon 
the rotoi decreases. In the lange of operation of 
said rotor, however, said point never reaches the 
dead centre. it, Will be appreciated that the char'- 
acteristic of this spring System is determined 
plactically wholly by the variation of the lever 
aim. With which the Spiring acts, said Spring it 
self suffering only a relatively Small elongation 
and contraction. Since, however, the lever arm 
variation, which is governed by a sine curve law, 
corresponds to that short length of the Sine 
curve which is practically a straight line, it foll 
lows that the Spring System has a declining char 
acteristic which cain be readily natched With 
that of the magnet system. The adjustable at 
tachment means 2-23 and 35 permit of ad 
justinent of the initial conpireSSion and tension 
lespectively in the carbon pile and spring. The 
manner of operation of Such a regulator is Well 
known and need be only briefly referred to: 
With incleasing excitation of the magnet Wind 
ing or Windings 3, connected for example across 
the dynamo to be regulated, the rotor 7 tends 
to be attracted from its initial position (see 
the position of the axis as indicated by a chain 
line in Figure 3) towards the final position illus 
trated in Figuita i, this movement being resisted 
by the spring 32. The said rotor movement, 
translated through the push rod 9 and plate 2) 
results in the deco.npression of the carbon pile 

The esultant increase of the resistance is 
utilized for regulation purposes by, for instance, 
disposing the carbor pile in Series with the field 
Windings of the dynamo to be regulated. The 
dash pot 3 counteracts tendency towards 
jerking or hunting action of the regulator. 
As regards the inagnet Systein, the lamp volt 

age regulator illustrated in Figures 3 and 4 is es 
sentially similar to that previously described. 
The disposition of the spring and the carbon 
piles and the means for their control are, how 
ever, somewhat different. The disc 6 and crank 

are not mounted directly upon the rotor Spin 
dle S but upon a separate spindle 61 disposed ver 
tically below it. The two spindles 6 and 61 are 
geared together by a flexible metal tape 38 which 
is Wrapped over arcs of the rins of the disc f S 
and a disc 39 on the spindle S (Fig. 3). The tape 
is anchored to the disc 38 at 40 and to the disc is 
by an adjustable anchorage 491. The diameter of 
the disc 6 is larger than that of the disc 39 so 
that the angular movement imparted to the for 
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2,020,398 
mel by the latter is smaller than the angular 
movement of the rotor but is proportional there 
to. With Such an interposed gearing, the range 
of angular movement of the rotor is not unduly 
restricted, even if it is desired to keep the angul 
lar movement of the spring anchorage 34 within 
a range corresponding to the straight line portion 
Of the Sine Curve. 

he thre3 carbon piles 4 provided to carry the 
lamp current are mounted above the magnet Sys 
ten upon a separate platform 2 secured to the 
frame . In place of the push rod 9 of Fig 
lures 1 and 2, use is inade of a push rod 43 con 
rected by a see-savy lever 4 to a pull-rod 45 
around which the piles 4 grouped. This 

'od 45 incorporates a jength-adjustinent 
e Which takes the form of a tulinbuckle 46 but 

is designed to give a finer adjustment than an 
Ordinary turnbucke. The turnbuckle 46 has at 
the two ends threads of the sanie Sense but of 
somewhat different pitch. Such a device pro 
Wides a very fine adjustment, as the effect of the 
tWC threads is differential, i. e. for one turn of 
the device, the length adjustment is equivalent 
Only to the difference between the pitches of the 
two threads. The hill rod 45 acts upon the car 
bon piles 4 through an equalizing spider 47 hav 
ing a part Spherical socket 3 engaged by a part 
Spherical head 49 on the rod 43. 
The caibon piles 4 , when in use, experience a 

Considerable rise of temperature with attendant 
eXpansion which, unless compensated for, may 
Seriously derange the precision of the regulator. 
According to a further feature of the invention, 
a compensating device for this purpose comprises 
a ring 59 of a material which expands with rise 
of temperature, a number of spokes 5f of a ma 
terial With a relatively low or negligible thermal 
eXpansion, Such aS mild Steel or nickel-steel al 

se 
t 

loy, and a hub 52, the spokes being arranged at 4 
an angle of inclination to the plane of the ring. 
This device is shown interposed between each car 
bon pile and the equalizing spider 47. The ring 
50 which is of a material, for example aluminium, 
of good conductivity and not too large heat ca 
pacity So as to respond readily to temperature 
changes in the pile, is mounted upon the pile 
With the intelposition of the usual metal contact 
piece and an insulating disc or washer. The hub 
52 is connected pivotally with the spider 47, said 
hub being extended upwardly and the extension 
divided by a diametrical slot, whilst holes for a 
pivot pin 53 are drilled at right angles to the slot. 
The effect of this coinpensating device is as foll 
lows: The ring 5G will follow the temperature rise 5.5 
Of the carbon pile and will expand in dia.in 
eter. The Spokes 5 i on the other hand, will ex 
pand little or not at all so that their inclination 
Will decrease, causing a decrease in the depth of 
the device between the hub 52 and ring 50. The C 
Size of the ring and initial inclination of the 
Spokes is designed so that the decrease in depth 
of the compensating device substantially coun 
terbalances the increase in length of the carbon 
pile itself over a sufficient range of temperature 
Variation. In Order to permit of the variation 
of the inclination of the spokes 5 f, these may be 
made of relatively flexible wire, a sufficient num 
ber of Spokes being provided to take the maxi 
mum pressure exerted on the pile. 
The manner of operation of such a lamp volt 

age regulator is well known and requires no de 
tailed description here. The most usual arrange 
ment is that the magnet winding 3 is subject to 
the lamp voltage whilst the carbon piles 4 con 
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2,020,398 
stitute a resistance in series with the lamp load. 
The separate piles are connected in parallel with 
each other. Upon the lamp voltage tending to 
rise, the regulator acts to relieve the pressure 
upon the piles and thus to increase their resist 
ance and so maintain the voltage upon the lamps 
themselves constant. The initial setting of the 
regulator is effected by the adjustment means 
35, 401 and 46. 

I claim:- 
1. In electro-magnetic regulating apparatus, 

particularly a carbon pile regulator for use in 
train lighting installations, the combination of 
a magnet system comprising a magnet with pole 
faces, and a rotor mounted so as to be capable 
of rocking in relation to the pole end-faces, the 
faces of the rotor which come opposite to Said 
pole faces in the attracted position of Said rotor 
being of substantially circular shape when viewed 
endwise and a spring system connected to the Said 
rotor and adapted for exerting thereon a torque 
which opposes the magnet attraction and varies 
inversely with the rotor movement in an approxi 
mately rectilinear relationship. 

2. In electro-magnetic regulating apparatus, 
particularly a carbon pile regulator for use in 
train lighting installations, the combination of a 
magnet system comprising a magnet With di 
ametrically opposed pole-faces, and a rotor of 
substantially circular cross-section mounted So 
as to be capable of rocking about a diametrical 
axis at the mid-point of its length and between 
the opposed pole faces, said pole faces being of 
a concave cylindrical profile concentric with Said 
axis and the rotor ends of convex cylindrical 
profile concentric with said axis and a Spring 
system connected to the said rotor and adapted 
for exerting thereon a torque which Opposes the 
magnet attraction and varies inversely with the 
rotor movement in an approximately rectilinear 
relationship. 

3. In electro-magnetic regulating apparatus, 
particularly a carbon pile regulator for use in 
train lighting installations, the combination of 
a magnet system comprising a magnet with pole 
faces of rectangular shape, and a rotor mounted 
so as to be capable of rocking in relation to the 
pole faces, the end-faces of the rotor which come 
opposite to said pole faces in the attracted po 
sition of said rotor being of substantially circu 
lar shape when viewed endwise and a Spring Sys 
tem connected to the said rotor and adapted for 
exerting thereon a torque which opposes the mag 
net attraction and varies inversely with the rotor 
movement in an approximately rectilinear rela 
tionship. 

4. Electro-magnetic carbon pile regulator, 
comprising a magnet system with a rotor of Sub 
stantially cylindrical shape rockable about an 
axis perpendicular to the cylinder axis, a carbon 
pile operatively connected to said rotor, a ten 
sion spring extended at a substantially constant 

3 

tension, and a simple crank member operatively 
Connected to Said rotor, the tension Spring be 
ing connected to said crank member at a point 
in the vicinity of its dead centre position, which 
point, upon the rocking of the rotor in the di 
rection of attraction, moves towards the dead 
centre position. 

5. Electromagnetic carbon pile regulator, 
CCInprising a magnet System with a rotor of Sub 
Stantially cylindrical shape rockable about an 10 
axis perpendicular to the cylinder axis, a carbon 
pile operatively connected to said rotor, a ten 
Sion Spring exerting a Substantially constant 
tension, a crank member to which said Spring 
is attached at a point in the vicinity of its lö 
dead centre position, reduction gearing between 
the rotor and crank member such that the latter 
performs, a movement proportional to but small 
er than that of the former, the aforesaid point 
of attachment being so located that, upon the 20 
rocking of the rotor in the direction of attraction, 
it moves towards the dead centre position. 

6. Regulating device for a train-lighting in 
stallation comprising an electro-magnet of sub 
stantially U-shape with pole pieces facing each 
Other, a rotor of cylindrical Sinape mounted to 
rock about a diametrical axis, between said pole 
pieces, a Spring exerting a substantially constant 
tension, a carbon pile operatively connected to 
said rotor for control thereby and a simple 80 
Crank member connected to Said rotor and hav 
ing the Spring attached to it, Said crank mem 
ber being arranged So that it moves towards its 
dead centre position upon attraction of said rotor 
by said magnet. 35 

7. Ti a carbon pile regulator, a pile assembly 
Congrising a carbon pile, an abutment for said 
pile, pile-compressing means, and temperature 
coimpensation means consisting of a hub, a ring 
of material which expands with rise of tempera- 40 
ture aid a number of spokes which are made of 
a naterial with a relatively low thermal expan 
SiOil and are connected, ai, an angle to the plane 
of the ring, between the latter and the hub, said ring and hub being interposed between and in 
abutting relationship with adjacent parts of the 
pile assembly. 

8. In a carbon pile regulator, a magnet Sys 
tein coimprising a magnet having pole faces, and 
a rotor mounted SO as to be capable of rocking 
in relation to the pole faces, the end faces of 
the rotor which come opposite to said pole faces 
in the attracted position of said rotor being of 
Substantially circular shape when viewed end 
wise, and a spring System connected to said rotor 
and capable of exerting tiereon a torque in op 
position to the magnet attraction, the said spring 
System torque varying in a relationship which 
follows that part of a sine curve which approxi- 60 
mates a straight line. 

ALFRED HENRY CHILTON. 
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