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This invention relates to lamp changing appa 
ratus for automatically replacing electric lamps 
Which have failed. The invention relates more 
particularly to, and aims to provide, an improved 
motor means operative on failure of a positioned 
lamp for operating lamp mounting and position 
ing means to move the failed lamp out of posi 
tion and a new lamp into position. 
Motor means according to the invention com 

prises a shaded pole alternating current driving 
motor having a single set of shading coils, or a 
single shading coil, connected in a closed circuit 
and Which normally causes the motor to rotate 
in One direction only, and said circuit being elec 
trically associated with the lamp circuit by means 
for applying to said shading coils when normal 
Current flows in the lamp circuit an E. M. F. of 
Opposite phase from and of greater value than 
the E. M. F. normally induced in the shading 
coils by the field winding of the motor, whereby 
a counter-to-normal flow of current is set up 
through the shading coils, causing or tending to 
cause reverse rotation of the motor, and index 
ing means which prevents back movement. 
Most desirably, the closed circuit of the shad 

ing coils includes an impedance of suitable value 
which is also connected in the lamp circuit in 
Series with the positioned lamp. This impedance 
may be a non-inductive resistance, but it is now 
preferred to use a reactance, and I have made 
for this purpose of applying from the lamp cir 
cuit the required E. M. F. On the shading coils 
a Special reactance device comprising a reactance 
coil and means providing a magnetic circuit as 
sociated With the reactance coil, including a mov 
able core within the coil which, when normal 
current flows in the lamp circuit, is moved by 
magnetic action as in a Solenoid to close an air 
gap in the magnetic circuit and thereby decrease 
the reluctance of the magnetic flux path and in 
crease the reactance of the coil, and Which, When 
current flow in the lamp circuit stops and the 
comparatively low voltage current induced in the 
shading coils by the field winding of the motor 
flows through the reactance coil, moves back to 
a position to open the air gap in the magnetic 
circuit, thereby increasing the reluctance of the 
flux path and decreasing the reactance of the re 
actance coil, the movable core then remaining in 
this position until current again flows in the 
lamp circuit. This variable reactance device 
thus provides the impedance required for apply 
ing to the shading coils, when normal current 
flows in the lamp circuit, the desired E. M. F. of 
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coils by the motor field winding, and, when there 
is no current flowing in the lamp circuit, pro 
vides a substantially lower impedance against the 
induced current then flowing in the shading coil circuit. 
A full understanding of the invention can best 

be given by a detailed description of a lamp 
changing apparatus embodying the invention in 
the form now considered best, and such a descrip 
tion Will now be given in connection. With the ac 
companying drawing, in which: 

Fig. 1 is a simplified diagrammatic view of a 
lamp changing apparatus according to the in 
vention; 

Fig. 2 is an enlarged detailed view partly in 
section showing parts of the apparatus of Fig. 1; 

Fig. 3 is a detailed view taken on line 3-3 of 
Fig. 2 but on a smaller scale; 

Fig. 4 is a view on the same Smaller Scale of 
the rotatable support for the lamp carrying belt 
looking from the left of Fig. 2 and showing the 
carrier with the disc 7 removed and Without the 
carrier belt thereon; and 

Fig. 5 is an enlarged detail view taken on line 
5-5 of Fig. 2. 
The motor means of the present invention may 

be used for operating any suitable lamp mount 
ing means comprising a mounting device, or car 
rier, for a plurality of lamps which is movable for 
positioning the lamps successively, and means for 
connecting the positioned lamp in a lamp cir 
cuit, such, for example, as the mounting means 
of my application Serial No. 299,693, of which 
this application is a continuation-in-part or a 
mounting means such as shown in my Patent No. 
2,258,575, which for simplicity is shown in this application. 

Referring to the drawing, and first to the lamp 
mounting means, the lamps are mounted on a 
carrier belt formed of a plurality of flat metal 
plates 0 pivotally connected at their edgeS. The 
end of the belt is placed about a rotary support 
f and may carry a weight W which exerts a 
downward force to help hold the belt in proper 
position on the rotary support. The rotary Sup 
port, which, as shown in Fig. 2, is mounted on 
a vertical support 5, is formed of two spaced 
discS 6 and 7 of Bakelite or other insulating 
material, a metal disc 8 attached to disc 6, 
and four metal rods 9 extending between the 
discs 7 and 8 and equally spaced about the axis 
of rotation. The discs 6 and 7 are rotatably 
mounted on a metal axle 20 extending from and greater value than that induced in the shading 55 insulated from the support 5, and the metal disc 
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18 has a central opening of such size that it does 
not contact With the axle. 
The carrier belt is supported on the rods 9 

and these rods are spaced according to the length 
of the carrier plates so that the carrier belt will 
turn about the Support With its plates successively 
bridging the Space between adjacent support 
ing rods. Each of the carrier plates carries one 
of the electric lamps 25, and, as the carrier belt is 
advanced by rotation of the Support , the lamps 
will be Successively moved to operative position, 
Which in the apparatus shown is the uppermost 
position in Figs. 1 and 2, a quarter rotation of 
the support serving to move one lamp out of posi 
tion and the next lamp on the carrier belt into 
position. Each carrier belt plate is provided with 
a lamp Socket such that the side of the lamp base 
will be electrically connected with the carrier 
plate. The lamps shown are of the kind having a 
prefocused base and are mounted on the carrier 
plates so that the base extends through the plate. 
Whatever type of lamp is used, the sockets on 
the plates Will be. Such that the contact terminal 
at the end of the base of the positioned lamp 
will engage a flexible contact strip or brush 30 on 
the axle 20. Connection is thus made to one 
contact terminal of the positioned lamp through 
the axle 2), and connection of the other terminal 
of the positioned lamp is made from the disc 8 
through the supporting rods 9 and the carrier 
plate. 
The disc 6 of insulating material has four in 

dexing contacts 3, most desirably of rare metal, 
set below the surface of the disc in radial grooves 
32 in its outer face, the contact pieces extending 
through the disc 8 and being conductively con 
nected to the meal disc 8, as shown in Figs. 2 
and 3. The contacts 3i. and grooves 32 are 
equally spaced circumferentially of the disc. A 
contact 33 carried by a spring 34 bears against 
the disc 6 and is shaped and positioned so that 
when a lamp has been moved into operative posi 
tion the contact 33 will enter one of the grooves 
32 and engage the contact 3 therein to close the 
lamp circuit. As the disc begins to turn when the 
carrier is moved to position the new lamp, the 
contact 33 by its engagement with the side of the 
grOOWe is immediately pushed away from the con 
tact 3 and out of the groove and then rides on 
the face of the insulating disc until another lamp 
has been moved into position, whereupon it makes 
engagement with the next contact 3 to complete 
again the lamp circuit. 

In Fig. 1, for convenience in diagrammatic ill 
lustration, the disc f6 is shown as having periph 
eral notches in which the contacts 3 are located, 
and the contacts are shown as connected to a 
ring from which connection to the positioned lamp 
is indicated by line a. 

It will be understood that the carrier support, 
is intended to be mounted in association with 

a Fresnel lens or other optical system so that the 
positioned lamp will be properly located within 
the lens or other optical system. 
The motor means for turning the carrier Sup 

port for removing a burned out or defective lamp 
and bringing a new lamp into operative position 
comprises a rotary armature alternating current 
motor A of the shaded pole type. Any suitable 
driving mechanism may be provided between 
the motor shaft and the carrier support . As 
shown, the motor is mounted on the support 5 
and drives the carrier Support through a reduc 
tion gear unit 4 and pinion 42 which meshes 
with gear teeth formed on the periphery of the 
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2,342,085 
disc 6. In order to prevent reverse movement of 
the motor and carrier support, a ratchet Wheel 43 
is provided on the connecting shaft engaged by 
a pawl 44. In addition to serving as a detent to 
prevent backward movement, pawl 44 also serves, 
in conjunction with the tendency of the notor to 
rotate the carrier back Ward When a live lamp is 
in position, as hereinafter explained, as an indeX 
ing means for determining the exact position of 
the positioned lamp and for maintaining the lamp 
accurately in position. 
The motor 40 has the usual field winding 45 

and two shading coils 46 and 47 which when short 
circuited cause rotation of the motor in the direc 
tion to move the lamp carrier support clockwise 
as viewed in Fig. 1. These shading coils are Con 
nected in a closed circuit which includes an in 
pedance 5 which is also connected in the lamp 
circuit in series with the positioned lamp. Rather 
than a non-inductive resistance, the impedance is 
most desirably a reactance, as indicated in Fig. 1, 
and the impedance is of such value that When nor 
mal current is flowing through the lamp circuit 
there is applied to the shading coils an E. M. F. 
of greater value than the E. M. F. normally in 
duced in the shading coils by the field winding of 
the motor, and the connections are such that this 
applied E. M. F. is of opposite phase from the 
E. M. F. induced in the coils by the field winding. 
This applied E. M. F. will therefore cause the 
motor to rotate in a reverse direction or back 
ward, or to tend to rotate backward against the 
restraint of the detent means. When, however, 
no current is flowing in the lamp circuit, the 
presence of the impedance 5 in the shading coil 
circuit does not prevent normal forward rotation 
of the motor. By thus applying to the shading 
coils when normal current flows in the lamp cir 
cuit an E. M. F. of opposite phase from and of 
greater value than the E. M. F. normally in 
duced in the shading coils by the field winding, the 
necessity of providing a motor of this kind With 
additional and oppositely placed shading coils to 
effect reverse rotation, as shown in said Patent No. 
2,258,575, is avoided. Figs. 2 and 5 show the special variable react 
ance device referred to in the introductory part 
of this specification and which for reasons there 
pointed out is most desirably used. This variable 
reactance device comprises a reactance coil 5 
having comparatively few turns of heavy insu 
lated wire carried on a tube 52, which may be 
made of insulating material or may be a metal 
cylinder with a longitudinal slot to reduce eddy 
current losses, and within the tube is a two-part 
core formed by an upper fixed part 53 and a 
lower part 54 which is movable within the tube 
in the manner of a Solenoid core, both parts 
being made of soft or laminated iron. The mova 
ble lower core member 54 has a shading coil 55 
set into its upper end for holding purposes when 
the device is energized by alternating current. 
The device is carried by a bracket. 56 formed of 
two angle plates of soft or laminated iron con 
nected together and mounted on a panel of insu 
lating material 5 by screws 58. The arm of one 
of these angle plates extends over and is secured 
to the fixed core member 53, and the arm of the 
other angle plate holds the lower end of the tube 
52. The bracket thus forms a U-shaped mag 
netic return for the magnetic flux created by the 
coil 5. A spring 59 tends to draw the core mem 
ber 53 down away from the member 53 and 
against a stop plate 60, as shown in Fig. 2, thus 
opening an air gap 6 between the two core mem 
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bers. The tension of the spring 59 is sufficient 
to draw the core member 54 down to the position 
shown in Fig. 2 when only the normal shading 
coil current induced by the motor field fioWs 
through the reactance coil 5, but not sufficient 
to resist the upward pull on the core member 54 
when normal lamp circuit current flows through 
coil 5, the core member 54 then being drawn 
upward by magnetic action to close the air gap 6i. 
As will be understood, the air gap if, formed 

when the core member 54 is in its retracted posi 
tion, increases the reluctance of the magnetic 
circuit formed by the U-shaped bracket 56 and 
the two core members 53 and 54, and the react 
ance of the coil 5 is then less than when the core i 
member 54 is in its upper position abutting the 
core member 53. When the core member 54 is in 
its upper position abutting the core member 53, 
the magnetic circuit is improved and the reluc 
tance of the flux path decreases, thus increasing 
the reactance of the coil. 
The feed line from the source of alternating 

current is connected to binding posts 0 and 7 
carried by a terminal panel 2 in ounted on the support S. 
shown in Fig. 1. Current from one side of the 
source connected to the binding post 7 flows in 
a circuit including wire T5, reactor coil 5, wire 
76, and through spring contact arm 34, one of 
the contacts 3, and disc 8 to the positioned 
lamp, and from the lamp circuit is completed 
through axle 20 and Wire 78 and binding post, 
to the other side of the current Source. The field 
winding of the motor 40 is, as shown, energized 
from the same current Source, the circuit extend- is: 
ing from wire 5 by wire 89 to the motor binding 
post panel 8 and by Wire 82 to one side of the 
field winding, the other side of the field winding 
being connected to the terminal post by wire 
83. The shading coils 46 and 4 of the motor are 
connected to binding posts on the panel 8 and 
connected in parallel across the reactance coil 5 
by Wires 86 and 80. 
When a live lamp is noved into Operative po 

sition, it is connected in the lamp circuit, and the 
lamp circuit current then flows through the re 
actance coil 5 and, the core member 5 being by 
such flow raised to close the air gap 6;, produces 
a voltage drop across the coil, causing current to 
flow in the shading coil circuit under an E. M. F. 
which is greater than the E. M. F. normally in 
duced in the shading coils by the motor field 
winding 45 and is opposite in phase. A rotating 
magnetic field is thus produced by the shading 
coils in such direction as immediately to stop the 
motor and cause it to start rotating backward, 
that is, in the reverse direction of rotation. This 
backward rotation is stopped by the indexing 
pawl 44 and the tendency of the notor to rotate 
backward then maintains the lamp in proper fo 
cal position at all times against any tendency of 
vibration or other cause to move the Calrier and 
lamp out of position until the newly postioned 
lamp fails. On failure of the lamp, however, flow 
of lamp circuit current through the reactance 
coil 5 ceases, the core member 53 of the reactor 
is retracted, thereby re-establishing the air gap 
6 and reducing the impedance of the coil, and 
current induced by the motor field Winding then 
flows in the shading coil circuit, with the l'esult 
that normal shading action takes place in the 
motor and the motor rotates in its normal for 
ward direction, driving the lamp carrier forward, 
that is, in clockwise direction as viewed in Fig. 1. 
The motor continues to rotate, causing this for 

The wiring connections are as 

0 

20 

5 

() 

50 

55 

60 

70 

73 

3 
Ward movement of the lamp carrier, until a new 
lamp has been moved into focal position. Imme 
diately on the positioning of the new lamp, there 
is a momentary heavy rush of current to the 
cold filament of the lamp, and the flow of this 
heavy current through the reactance coil 5 
raises the core member 54 to close the air gap 
and increase the impedance of the coil, and the 
motor is immediately stopped and caused to ro 
tate or tend to rotate in the reverse direction, 
which backward movement, however, is stopped 
by the indexing means; and thereafter, until the 
newly positioned lamp fails, the carrier and lamp 
are by the tendency of the motor to rotate back 
Ward maintained in accurate position, as before pointed out. 
In a fiashing light apparatus, that is, appara 

tuS Supplied with intermittent current resulting 
from the introduction of a current interrupter in 
One side of the Supply line, it is desirable to pro 
vide means whereby when, on failure of the posi 
tioned lamp, the carrier is first moved by the 
driving motor energized by the intermittent cur 
rent, the current interrupter is temporarily 
Shunted to permit current to be supplied con 
tinuously to the driving motor from the supply 
line until a new lamp has been moved into op 
erative position, thereby avoiding the relatively 
Slow lamp-changing operation that would result 
if the motor were dependent on the intermittent 
current. Means suitable for this purpose is 
shown and described in said Patent No. 2,258,575. 
The association with the lamp circuit of the 

closed circuit, including the shading coil or coils 
cf the driving motor will usually and most de 
sirably be by a direct connection as shown in the 
drawing rather than by an inductive connection. 
The closed shading coil circuit will obviously be 
electrically associated With the lamp circuit in 
either case. 
What is claimed is: 
1. Lamp changing apparatus, comprising a 

Carrier for a plurality of lamps movable for posi 
tioning the lamps successively, a lamp circuit 
having terminals for connecting the positioned 
lamp in the circuit, and means for moving the 
Carrier on failure of the positioned lamp to posi 
tion another lamp, said means comprising an 
alternating current driving motor having a shad 
ing coil connected in a closed circuit and means 
responsive to current flow in the lamp circuit for 
applying to Said shading coil when normal cur 
rent flows in the lamp circuit an E. M. F. of op 
posite phase from and of greater value than the 
E. M. F. induced in the shading coil by the field 
of the Inotor, and indexing means preventing 
backward movement of the carrier. 

2. Lamp changing apparatus, comprising a 
carrier for a plurality of lamps movable for 
positioning the lamps successively, a lamp cir 
cuit having terminals for connecting the posi 
tioned lamp in the circuit, and means for mov 
ing the carrier on failure of the positioned lamp 
to position another lamp, said means comprising 
an alternating current driving motor having a 
Shading Coil connected in a closed circuit which 
is electrically associated with the lamp circuit by 
means whereby when normal current foWs in the 
lamp circuit an E. M. F. of opposite phase from 
and of greater value than the E. M. F. normally 
induced in the shading coil by the field of the 
motor is applied to the shading coil while nor 
mal voltage is applied to the lamp, and index 
ing means for preventing backward movement of the carrier. 



4. 
3. Lamp changing apparatus, comprising a 

carrier for a plurality of lamps nowable for posi 
tioning the lamps Successively, a lamp circuit 
having terminals for connecting the positioned 
lamp in the circuit, and means for moving the 
carrier on failure of the positioned lamp to posi 
tion another lamp, said iheans comprising an 
alternating current driving notor having a Shad 
ing coil connected in a closed circuit which in 
cludes an impedance connected in the lamp cir 
cuit in series with the positioned lamp, the im 
pedance being of such value that When normal 
current flows in the lamp circuit an E. M. F. of 
opposite phase from and of greater Value than 
the E. M. F. normally induced in the shading 
coil by the field of the motor is applied to the 
Shading coil but not of Sufficient value to pre 
vent normal Woltage being applied to the lamp, 
and indexing means for preventing backWard 
movement of the carrier. 

4. Lamp changing apparatus, comprising a 
carrier for a plurality of iamps nowable for posi 
tioning the lamps successively, a lamp circuit 
having terminals for connecting the positioned 
amp in the circuit, and means for moving the 
carrier on failure of the positioned lamp to posi 
tion another lamp, said means conprising an 
alternating current driving motor having a shad 
ing coil connected in a closed circuit which in 
cludes a reactance coil connected in the lamp 
circuit in Series With the positioned lamp, Where 
by When norinal current flows in the lamp circuit 
an E. M. F. of opposite phase from and of greater 
value than the E. M. F. normally induced in the 
shading coil by the field of the motor is applied 
to the shading coil, and indexing means for pre 
venting backward movement of the carrier. 

5. Lamp changing apparatus, comprising a 
carrier for a plurality of lamps movable for posi 
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tioning the lamps successively, a lamp circuit 
having terminals for connecting the positioned 
lamp in the circuit, and means for moving the 
carrier on failure of the positioned lamp to posi 
tion another lamp, Said means comprising an 
alternating current driving motor having a Shad 
ing coil connected in a closed circuit, a reactance 
coil connected in the shading coil circuit in Series 
with the shading coil and also connected in the 
lamp circuit in series with the positioned lamp, 
means for increasing the reactance of the re 
actance coil when current flows in the lamp cir 
cuit, and indexing means for preventing back 
Ward movement of the carrier. 

6. Lamp changing apparatus, comprising a 
carrier for a plurality of lamps nowable for po 
Sitioning the lamps successively, a lamp circuit 
having terminals for connecting the positioned 
lamp in the circuit, and means for moving the 
carrier on failure of the positioned lamp to posi 
tion another lamp, and means comprising an 
alternating current driving Inotor having a shad 
ing coil connected in a closed circuit, a reactance 
coil connected in the shading coil circuit in Se 
ries with the shading coil and also connected in 
the lamp circuit in series with the positioned 
lamp, means providing a magnetic circuit aSSO 
ciated With the reactance coil including a core 
member nowable within the coil and normally 
held yieldingly in position to leave an air gap in 
the magnetic circuit and movable by magnetic 
action to close said air gap when the lamp circuit 
current flows through the reactance coil, where 
by the reactance of the reactance coil is increased 
when current flows in the lamp circuit, and in 
dexing means for preventing backWard movement 
of the carrier. 

JOHN R. MACKAY. 


