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[5 7] ABSTRACT 

An intervalometer uses a rotary switch mounted to base 
through shafts which maintain concentricity. An o?’set 
stepping mechanism drives the switch under control of a drive 
energizing circuit having interrupter contacts on the switch. A 
load energizing circuit includes additional contacts on the 
switch for sequentially energizing a plurality of independent 
loads, while shunting all nonenergized loads. Separate switch 
sections separate the drive energizing circuit from the load 
energizing circuit. When the switch is in a home position, it 
must be manually rotated to another position before auto 
matic sequential stepping can occur. 

5 Claims, 6 Drawing Figures 
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STEPPIN G ASSEMBLY AND CIRCUIT 
This patent application is a division of U. S. application Ser. 

No. 826,894, ?led May 22, 1969 now U. S. Pat. No. 
3,582,579, issued June l, 1971. 

This invention relates to an assembly and circuit for timing 
intervals, and more particularly to an improved stepping as 
semblyand circuit therefore. 

' Intervalometers are devices which provide a series of timed 
electrical pulses, often ‘coupled to separate loads. When 
limited mounting height is available, it has been known to use 
an intervalometer in which a rotary switch and a stepping , 
motor are each. mounted to a base, on offset axes. A link 
traversing the axes converts movement of the stepping motor 
into a reciprocating motion whichstepwise- drives the rotary 
switch through its positions. At each position, connection. is 
made through ‘electrical contacts to the loads associated 
therewith. lnterrupter contacts carried by the switch control a 
self-completing circuit for‘energizing the stepping motor in 
order to cause the switch to'automatically step through all of 
its positions. Many such assembliesof the above nature are 
known, an example of which is shown ina patent to Giese, Jr. 
et al. US. Pat. No. 3,405,376. 

Prior rotary stepping assemblies and circuits of the nature 
described above have several disadvantages which greatly 
limit their use. The loads which are to be energized by inter 
valometers are often explosive devices,.in which it is absolute 
ly essential that accidental energization of the loads be 
precluded, both when connecting the loads to the switching 
assembly and during energization ofother loads. Prior circuits 
have notprecluded accidental load energization, which could 
occur by accidental electrical actuation of the .triggering cir 
cuit while personnel are connecting the loads to the circuit. 
Applicants’ circuit overcomes this problem by precluding 
electrical actuation until manual actuation of the switch ena 
bles the electrical circuit. 
Another type of accidental load energization which prior 

circuits have allowed occurs when electrical noise or the like 
is coupled to the loads, resulting in false triggering. Other 
types of failure occur when a load is defective and short cir— 
cuits the self~stepping drive circuit. In such. an instance, the 
stepping circuit is rendered ineffective, and the remaining 
loads are not energized. It would be desirable that any defec 
tive load should be bypassed by the switching assembly and 
circuit, allowing further loads to be energized. The applicants’ 
circuit and assembly overcome all of the above disadvantages. 
The mechanical construction of prior stepping assemblies 

has also been unsatisfactory with respect to maintaining con 
centricity and long life of operation. When plural switch sec 
tions arerequired, the resulting stack height requires that the 
concentricity of the rotary switch assembly be maintained 
within close tolerances. Typical prior switching assemblies 
using screws inserted through the stack and threaded into a 
base plate do not have the stability necessary to maintain the 
desired degree of concentricity. Prior rotor bearings have also 
required an unnecessarily large amount of space and have 
been costly. Theseand other disadvantages of prior rotary 
stepping assemblies have been overcome by the improved 
stepping assembly also disclosed herein. 
One object of this invention is the provision of an improved 

stepping assembly and circuit therefore. 
> Another object of this invention is the provision of an im 
proved stepping assembly and circuit for sequentially energiz 
ing one load at a time, while maintaining-a shorted connection 
across all nonenergized loads. One feature of the circuit is that 
it includes means for bypassing defective loads and means for 
preventing accidental electrical actuation by ?rst requiring 
mechanical actuation of the stepping assembly. 

Still another object of this invention is the provision of a ro 
tary stepping assembly having improved concentrically for 
multiple switch sections. Some features of the improved 
switching assembly include improved bearing means, an in 
tegral pointer vfor indicating switch position and allowing 
manual actuation, and other improved design. 
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2 
Further features and advantages of the invention will be ap 

parent from the ' following specification, and from the 
drawings, in which: 

FIG. 1 is an exploded perspective view of the stepping as 
sembly; 

FIG. 2 is a top plan view of the assembly of FIG. 1.; 
FIG. 3 is a side plan view, partly in section, taken along lines 

3-3 of FIG. 2;v 
FIG. 4 is a fragmentary sectional view taken along lines 4 

4 of FIG. 3; 
FIG. 5 is an upward looking plan view of the bottom face of 

the upper switch section, taken along lines 5-5 of FIG. I; and 
FIG. 6 is a schematic diagram of the circuit for the switching 

assembly. 
While an illustrative embodiment of the invention is shown 

in the drawings and will be described in detail herein, the in 
vention is susceptible of embodiment in many different forms 
and it should be understood that the present disclosure is to be 
considered as an exempli?cation of the principles of the in 
vention and is not intended to limit the invention to the em 
bodiment illustrated. The scope of the invention will be 
pointed out in the appended claims. 
Turning to FIGS. l-3, the improved stepping assembly is il 

lustrated in detail. The assembly includes a stepping motor, 
suchas a reciprocal driving assembly 10 which when ener 
gized rotates a plate member 11 about a longitudinal shaft axis 
13. The motion in plate 11 is used to stepwise move a driven 
rotary switching assembly 15, illustrated in exploded view in 
FIG. 1. Switching assembly 15 rotates about a longitudinally 
extending rotor shaft 17 which is generally parallel with 
respect to the motor shaft 13. When minimum stack height is 
desired, the axes of motor shaft 13 and rotor shaft 17 may be 
offset, as illustrated in the drawings. Both motor assembly 10 
and switching assembly 15 are mounted to a base assembly 20 
of improved construction, as will appear. If stack height is no 
problem, the switching assembly may be axially aligned with 
the motor assembly and connected through a common shaft, 
while still retaining the advantages of the circuit and many of 
the advantages of the improved construction disclosed herein. 
When the assemblies are offset, as illustrated, an actuator 

link22 spans the distance generally between the driving and 
driven assemblies, and is spaced from the axes of motor shaft 
13 and rotor shaft 17. Driving assembly 10 moves plate 11 
along a limited arcuate path during a power stroke, when as 
sembly 10 is energized. This movement causes link actuator 
22 to be longitudinally displaced generally to the right in the 
drawings, causing stepwise rotation of switching assembly 15. 
As will appear, switching movement opens the energizing cir 
cuit for driving assembly 10.‘ A spring 23 thereafter returns the 
link 22 to its rest position, after which the stepping cycle of 
operation is repeated by a self-completing energizing circuit, 
to be described later. 

Driving assembly 10 may be any conventional assembly for 
producing a limited distance movement or a step type move 
ment. The details of driving assembly 10 form no part of the 
present invention, and will only‘ brie?y be described with 
reference to one type of mechanism suitable for the purpose, 
namely, a rotary solenoid. The solenoid is ?xedly mounted to 
the base 20 by a screw 24, FIG. 3. When a solenoid coil 25, 
FIG. 3, is energized, the rotary solenoid pulls plate I1 
downwardly toward the coil 25. A plurality of inclined sur 
faces or races 27 are disposed on plate 11. Each race 27 in 
cludes a ball 28 trapped between the race and the surface of 
the solenoid. Upon actuation, the ball and race combination 
transforms the downward pull of the solenoid into a combined 
rotary and slight axial movement of plate 11. 
Link 22 is pivotally connected to plate 11 by a stud and lock 

ring 29 which passes through an aperture in link 22 and is 
threaded into plate 11. The link 22 is longitudinally movably 
mounted to plate 20 by a guide plate 31 riveted to plate 20. 
Guide 31 includes an aperture through which the slide 33 of 
link 22 extends. The guide surface de?ning the aperture forms 
a bearing for slide 33. 
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When coil 25 is energized, plate 11 rotates counter 
clockwise, causing slide 33 to be longitudinally moved 
generally to the right in both FIGS. 1 and 2. Spring return 23, 
trapped between an outer end portion 35 of slide 33 and the 
guide 31, is compressed upon energization of the rotary sole 
noid. As will appear, the stepwise movement of the switching 
assembly 15 deenergizes solenoid coil 25. Compressed spring 
23 now expands and returns slide 33 to its rest position, 
thereby completing one cycle of movement. 

Switching assembly 15 consists of a ?rst switch section 37 
and a second switch section 39. The pair of sections 37 and 39 
respectively control the energization of the load and the ener 
gization of the stepping motor 10. Each switch section 37 and 
39 includes a stator which is ?xed with respect to base 20, and 
a rotor affixed to rotor shaft 17 and which moves with respect 
to base 20. 

Switch section 37 includes an insulated stator wafer 40 
which mounts a plurality of electrical contacts, only a few of 
which are illustrated in FIG. 1. Certain of these contacts 
(labeled 42) are associated with the loads, with each contact 
42 corresponding to a different load. An electrical contact 43, 
FIG. 2 (and FIGS. 5 and 6), not associated with any load, is 
used to form a home position for the rotary switch. As will ap 
pear, wafer 40 includes other contacts, some of which are 
located on the bottom side of the wafer. 
For making connection to the ?xed stator electrical con 

tacts, a rotor 45, movable with respect to stator wafer 40, in 
cludes a rotor wafer 47 with an integral indicator 48 protrud 
ing upwardly therefrom. The bottom side of wafer 47 has a 
slot into which the rotor shaft 17 extends, see FIG. 3, for ?x 
edly mounting rotor wafer 47 with respect to the rotor shaft 
17. Rotor wafer 47 is ?xedly connected to electrical contacts 
aligned for various circuit connection with the stator contacts 
at each stepwise rotational position of the rotary switch. The 
exact con?guration of the rotary electrical contacts will be 
described later. 

Switch section 39 includes an insulated stator wafer 50 
mounting a pair of stator electrical contacts 52 and 53. A 
rotor wafer 55 is located within a central aperture in wafer 50, 
and has rotor contacts aligned for various circuit connection 
with the stator contacts. The rotor shaft 17 is press-?t within 
an aperture in wafer 55, for rotational movement of the rotor 
contacts, the details of which are described later. The cross 
section of rotor shaft 17 is noncircular and corresponds to the 
shape of the aperture in rotor wafer 55, and with the shape of 
the slot within rotor aperture 47, for causing both rotor wafers 
47 and 55 to rotate with rotor shaft 17. 
The switching assembly 15 includes means for converting 

the generally reciprocating motion of plate 11 and link 22 into 
corresponding stepwise rotation of rotor shaft 17. A ratchet 
plate 60, af?xed to the lower portion of rotor shaft 17, has a 
plurality of teeth 61 struck upwardly from the plane of the 
ratchet plate. The teeth 61 are axially inclined and spaced 
about the periphery of the ratchet 60. Slide 33 of link 22 car 
ries a downwardly disposed pawl 63 which is located adjacent 
a pair of the ratchet teeth 61. As the slide 33 is moved to the 
right as illustrated in the drawings, pawl 63 pushes against one 
of the upwardly extending teeth 61, rotating the ratchet 60 
counterclockwise about rotor axis 17. 

In order to detent the stepwise rotor motion, ratchet 60 in 
cludes a plurality of apertures 65 disposed on the upper face 
of the ratchet plate. A leaf spring 67, located immediately 
above ratchet 60, has a pair of detents 68 struck downwardly 
for engagement in a pair of corresponding apertures 65 in the 
ratchet plate. As the rotor solenoid is energized, the move 
ment of slide 33 and hence pawl 63 is transmitted through one 
of teeth 61 to the ratchet plate 60, causing the detents 68 to be 
forced upwardly out of their corresponding apertures 65. At 
the end of the power stroke, the detents 68 are urged 
downwardly into the next pair of apertures 65, thereby detent 
ing'the rotary switch to the next switch position. Thereafter, 
spring 22 urges slide 33 to the left, causing the pawl 63 to ride 
up and over the next tooth 61 and snap into place behind the 
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4 
tooth, for subsequent pushing motion against the tooth upon 
the occurrence of the next power stroke. 
During each cycle of stepwise rotation, an interrupter as 

sembly 70 is actuated and changes the state of an electrical 
switch in order to control energization of the rotary solenoid. 
interrupter assembly 70, see especially FIG. 4, is mounted on 
an insulated stator plate 71 which carries a ?xed electrical 
contact 73, a movable spring contact 74, and a further ?xed 
contact 75. The contacts 73, 74 and 75 form a single-pole, 
double-throw switch, with spring contact 74 normally resting 
against contact 73. Upon activation, spring contact 74 is ?rst 
urged out of engagement with contact 73, and then into en 
gagement with contact 75. 

For actuating the switch, a part of the spring contact 74 is 
bent into an outwardly extending, generally V-shaped 
shoulder 80, which is disposed radially inward with respect to 
rotor shaft 17. Shoulder 80 is engaged by a cam assembly 85, 
FIG. 1, located on the same switch plane as interrupter as 
sembly 70. Movement of cam assembly 85 is controlled by an 
upwardly extending ?nger 83 from slide 33. The cam assembly 
includes an extending head 86 located adjacent shoulder 80 of 
spring contact 74, as seen best in FIG. 4. The cam 85 also in 
cludes a pair of legs 88 and 89 which extend radially outward 
and bridge ?nger 83 of slide 33. 

For rotatably mounting cam 85 to the switch assembly, a 
plate 90, disposed below the cam, including an upwardly ex 
tending extruded wall 91 having a diameter slightly smaller 
than the diameter of a circular aperture in cam 85, de?ned by 
a surrounding wall 93. Extruded wall 91 forms a bearing for 
wall 93. To reduce friction, a plurality of balls 95 are press-?t 
into apertures extending through cam 85, for sliding move 
ment over the upper face of plate 90. A cam spring 96 biases 
balls 95 against the upper face of plate 90. 
The operation of the interrupter assembly may be seen best 

with respect to FIG. 4. When slide 33 in is in its rest position, 
?nger 83 rests against shoulder 88, causing the head 86 of cam 
assembly 85 to be spaced from shoulder 80 of spring contact 
74. As slide 33 is moved to the right, by reason of actuation of 
the rotary solenoid, rotor shaft 17 begins to turn due to the ac 
tion of the pawl and ratchet mechanism previously explained. 
However, the cam assembly is still at rest because the space 
between shoulders 88 and 89 is greater than the width of 
?nger 83. 
Near the end of the power stroke of slide 33, ?nger 83 en. 

gages shoulder 89 and subsequent movement of slide 33 is 
transmitted through ?nger 83 against shoulder 89 to cause 
rotation of the cam assembly. This causes head 86 to be 
rotated against shoulder 80, lifting the spring contact 74 out of 
engagement with contact 73 and into engagement with con 
tact 75. As will appear, opening of contacts 73, 74 removes 
power from the rotary solenoid, allowing spring 23 to return 
slide 33 to its rest position. Near the end of this return stroke, 
?nger 83 again contacts shoulder 88, moving cam assembly 85 
in a clockwise direction and moving head 86 out of engage 
ment with shoulder 80. The spring biasing of contact 74 
causes the contact to move out of engagement with contact 75 
and into engagement with contact 73, returning the inter 
rupter assembly to its rest state. 

In order to stack the switching assembly 15 into a single 
unit, and maintain all parts concentric with respect to rotor 
shaft 17, an improved mounting structure is utilized. Base 20 
includes a pair of elongated shafts 100 and 100' which are per 
manently af?xed to base 100, as by riveting, and extend up 
wardly therefrom. For clarity, only shaft 100 and the parts of 
the rotor assembly coacting therewith will be described in 
detail, it being understood that the same disclosure applies to 
shaft 100'. Elements for shaft 100’ which correspond to 
similar elements for shaft 100 are identi?ed by the same 
reference number followed by a prime (’). While two mount 
ing shafts have been illustrated, additional shafts may be pro 
vided for switching assembly 15, if desired. 

Shaft 100 includes a portion of reduced diameter, starting a 
short distance above plate 20 and extending upwardly 
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therefrom for the remaining distance. A transverse shoulder 
surface 102, which joins the reduced diameter portion with 
the lower shaft ‘portion, forms one of the mounting or clamp 
ing‘surfaces for the stator portion of switching assembly 15. 
The upstanding shaft terminates at its upper end in a guide 
surface 103 such as a screw. This surface is adapted to guide 
and ‘engage a fastening means, such as a spanner nut 105 
which is threaded over the screw. The bottom plane surface 
106, FIG. 3, of spanner nut 105 abuts and forms the upper 
mounting surface for the stator portion of switching assembly 
15. 

Various stator portions of the switching assembly 15 have 
aligned apertures which de?ne a pair of hollow channels 
through which shafts 100 and 100’ extend. The nuts 105 and 
105' are screwed down to clamp the stator sections in a 
predetermined order against the base 20. Of course, the par 
ticular order of the stator sections is generally immaterial, and 
groups of coacting sections may be placed at different stack 
heights, as desired. 

' As seen best in FIG. 1, the clamped stator sections have 
either apertures or bifurcated ?ngers which completely or par 
tially surround shafts 100 and 100'. Apertures are used for 
one end of spring 67, stator 71, plate 90, wafer 50 and wafer 
40, and bifurcated fingers are used for the opposite end of 
spring 67, and spring 90. A spacer 110 is located between 
plate 91 and wafer 50, and a spacer 112 is located between 
wafer 50 and wafer 40, to provide clearance between the cor 
responding switch sections. 

After all of the switch sectionsare stacked in the desired 
order, spanner nuts 105 and 105' are threaded onto screws 
103 and 103', respectively, clamping the stator portions of the 
switch between shoulder 102 and the bottom surface 106 of 
the spanner nuts 105. In the present embodiment, the lower 
surface of plate 71 rather than the lower surface of spring 67 
forms the stator abutment with shoulder 102, because the 
aperture and bifurcated ?ngers of the spring 67 are of greater 
diameter than the enlarged portion of the shafts. Spring action 
retains spring 67 clamped between the plate 71 and ratchet 
60 
Therotor portion of switching assembly 15 is journalled 

within base 20, thereby being rotatable with respect to the 
clamped stator assembly. The end of rotor shaft 17 adjacent 
plate 20 has a circular cross-section, and is enlarged with 
respect to the remaining portion of the shaft, as seen best in 
FIG. 3. Enlarged portion 120 is journalled within the circular 
aperture of a boss 122 upstanding from base plate 20. The 
whole thickness of the boss plate serves as a bearing surface 
for the enlarged portion 120 of the rotor shaft 17, without 
requiring the rotor shaft to extend beyond the flat plane of the 
bottom surface of plate 20. As seen in FIG. 3, this construc~ 
tion allows a tolerance in which a portion of the rotor shaft 
may extend ‘beyond the bottom surface of the bearing, but in 
sufficiently far to extend beyond the flat plane de?ned by the 
lower surface of plate 20. The upper surface of the boss forms 
a bearing against which the ratchet plate 60 abuts for rota 
tional movement. 
The upper end of rotor shaft 17 is press-?t into the slot 

formed in ‘rotor wafer 47. As seen in FIGS. 2 and 3, wafer 47 
has an integrally formed indicator 48, which may be in the 
shape of an arrow, in order to visually indicate the position of 
the rotary switch. If desired, indicator 48 may extend through 
an aperture in a housing (not illustrated) for an intervalometer 
using the illustrated stepping assembly, in order to visually in 
dicate rotor switch position. A portion of the rotor wafer _47 
includes a screwdriver slot 125, for manually rotating the 
rotor assembly independent of the rotary solenoid. As will be 
explained, manual actuation is necessary before the stepping 
circuit allows automatic, self-completing electrical actuation 
of the rotary solenoid. 
The circuit for the switching assembly will now be described 

in detail, along with a detailed description of the switch sec 
tions 37 and 39. As seen in FIG. 6, a plurality of loads L-l 
through L~10 are to be individually, sequentially energized by 
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6 
the potential difference across a source 130 of DC voltage. 
The potential difference is available from a positive potential 
line 131 and a negative potential line which is connected to a 
source of reference potential or ground 132. While DC source 
130 has been illustrated as supplying a single DC voltage to 
line 131, it will be recognized that any number of DC voltages 
may be available therefrom, depending upon the requirements 
of different loads and/or the stepping motor coil 25. 

All loads L-l through L-10 have individual ?rst terminals 
135 connected in common to ground 132, and a second or 
energizing terminal 136 connected through individual lines to 
a corresponding stator load contact 42 on the upper face 37U 
of switch section 37. In addition to the ten stator contacts 42, 
a home position contact 43 and an additional activate contact 
140 are also mounted on the upper face 37U, providing a total 
of twelve equally spaced stator contacts. The home stator con 
tact 43 and the activate stator contact 140 are both coupled 
directly to ground 132. 

For connection to the stator contacts, the rotor on upper 
face 37U consists of a ?rst element or short ring segment 142, 
connected to only a single of the stator contacts at anyone 
time, and a second element or ring segment 144 which is com 
mon to all of the remaining stator contacts. Rings 142 and 
144, electrically insulated from each other, are mechanically 
affixed to the rotor wafer 47 and rotate with movement of the 
rotor shaft. 

The lower face 37L of switch section 37 also contains stator 
and rotor parts. The ring segment 142 on upper face 37U has a 
pair of contiguous electrical leads 142' which extends through 
the insulated rotor wafer 47 and electrically connect to a cir 
cular rotor ring 150 on face 37L. Ring 150 has an arcuate sec 
tion 151 of reduced radial diameter. A single stator contact 
153 has a length which continuously contacts rotor ring 150 
except when the segment 151 is located adjacent thereto. 
Contact 153 is directly connected to the normally open con 
tact 75 of interrupter switch assembly 70. It should be un 
derstood that the lower face 37L in FIG. 6 is being viewed 
from the top, with wafer 40 being broken away so that only the 
rotor ring 150, wafer 47 and stator contact 153 are illustrated. 
Therefore, as viewed in FIG. 6, as the rotor on the upper face 
37U is rotated counterclockwise, the rotor on the lower face 
37L is similarly rotated counterclockwise. 

Switch section 39 has a continuous rotor ring 157 which is 
mechanically connected for rotation with rotor wafer 55. Ring 
157 includes an arcuate section 158 of reduced radial diame 
ter, extending over an arc corresponding to one stator contact 
position. Stator contact 52 has a short radial length which con 
tinuously contacts ring 157 except when segment 158 is 
located adjacent thereto. Stator contact 53 has a long radial 
length which continuously contacts ring 157, including when 
segment 158 is located adjacent thereto. 

Switch section 39 forms a part of the circuit which generally 
controls energization of coil 25 for controlling the stepping 
movement of the switching assembly. This section is electri 
cally separate from the circuits associated with switch section 
37, which control energization of the loads L-l through L-I0, 
as will be explained. Stator contact 52 of switch section 39 is 
directly electrically connected to the normally closed contact 
73 of the interrupter switch 70. The spring contact 74 of the 
interrupter switch is electrically connected through a single 
pole, single~throw switch 166 to positive lead 131. A single 
pole, single-throw switch 161 shunts contacts 73 and 74. To 
complete the solenoid energizing circuit, stator contact 53 is 
connected to one side of coil 25, the other side of which is 
directly connected to ground 132. 

In operation, switch 166 is closed when the stepping as 
sembly and circuit are to be operative. Switch 161 when open 
allows an operator to select automatic, and when closed to 
select manual sequential actuation of the loads. The operation 
will ?rst be described for automatic operation, i.e., switch 161 
remains open at all times. 
When the switching assembly is in its home position, as illus 

trated, rotor segment 142 is electrically connected to home 
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contact 43. At this time, ground is shunted across terminals 
135 and 136 of all loads L-1 through L-10, by means of the 
direct connection from terminals 135 to ground 132, and by 
means of terminals 136 being connected to common ring 144, 
which is connected through stator contact 140 to ground 132. 
The rotor segment 142 is also grounded by home contact 43 

which is directly connected to ground 132. This grounds ring 
150 via leads 142'; however, this has no immediate effect 
because segment 151 is adjacent and hence spaced from con 
tact 153. Electrical actuation of the switching assembly is not 
possible at the home switch position, because no source of 
power can be connected to coil 25. Even if switch 166 is 
closed, the power connection through contacts 73, 74 to sta 
tor contact 52 has no effect because segment 158 is located 
adjacent and hence spaced from stator contact 52. 
The home position described above represents a safety con 

dition in which accidental electrical actuation of the stepping 
assembly and/or energization of the loads is precluded. Per 
sonnel can safely connect loads, such as explosives, into the 
circuit at this time without the possibility of accidental electri 
cal actuation, even by stray electrical ?eld pick-up, because 
the loads are all shorted across ground. To activate the elec 
tric circuit for subsequent operation, it is necessary to 
manually rotate the rotor out of its detented home position 
and to the next detented or activate position, at which seg 
ment 142 contacts activate contact 140. In the activate posi 
tion, home contact 43 contacts common ring 144, thus main 
taining ground across all loads. Also, contact 153 remains 
disconnected from ring 150 because a portion of segment 151 
is still located adjacent thereto. 
Manual rotation to the second or activate switch position 

causes ring 157 on section 39 to rotate adjacent and connect 
with contact 52, thereby connecting coil 25 to normally closed 
contact 73 of interrupter switch assembly 70. When electric 
power is applied to the system by closing of switch 166, auto 
matic self-completing energization of the circuit is initiated. 
More particularly, positive potential from line 131 is con 
nected to coil 25, energizing the rotary solenoid. The resulting 
power stroke stepwise rotates the rotor shaft one position and 
causes ring segment 142 on face 37U to rotate adjacent stator 
contact 42 associated with load L-l. Also, ring 150 on face 
37L is rotated in contact with stator contact 153, connecting 
ring segment 142 via leads 142', ring 150 and stator contact 
153 to normally open contact 75 of the interrupter switch 70. 
All other loads L-2 through L-l0 are maintained shunted 
across ground, because common ring 144 is connected to 
ground 132 via both home contact 143 and activate contact 
140. 
At the end of the power stroke, cam assembly 85 is rotated, 

as previously described, causing head 86 to mechanically abut 
shoulder 80. This lifts spring contact 74 off of contact 73, 
disconnecting power to coil 25, thereby deenergizing the ro 
tary solenoid. Before the return stroke begins, however, the 
inertia of the system causes the rotor and hence cam 85 to 
continue to rotate, causing spring contact 74 to abut contact 
75 and connect positive voltage via contact 153, ring 150, 
leads 142', ring segment 142 and contact 42 to terminal 136 
of load L-l, electrically energizing the load. The load remains 
energized until the end of the return stroke, when cam as 
sembly 85 is again rotated back to its initial position, causing 
spring 73 to return to contact 73. 
When spring contact 74 again abuts contact 74, the above 

described cycle of operation is repeated. That is, coil 25 is 
energized, rotating the rotor shaft and causing interruption of 
power to coil 25 and subsequent energization of load L-2, 
after which the cycle is repeated for the next load. Each of the 
loads L—l through L-10 is thereby energized for a prescribed 
period of time, controlled by various mechanical dimensions 
of the switching assembly, including the length of the 
reciprocating path for link 22, FlG. 1, and the dimensions of 
cam 85. 

After the last load L-l0 has been energized, the switching 
assembly rotates ring segment 142 adjacent home contact 43. 
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8 
Just prior to home contact 43 grounding segment 142, stator 
contact 153 is disconnected from ring 150 as segment 151 is 
rotated adjacent thereto. At the same time, segment 158 of 
switch section 39 is rotated adjacent contact 52, thereby 
disconnecting contact 73 from connection with coil 25. Thus, 
the home switch con?guration prevents the DC source 130 
from again energizing coil 25 as spring contact 74 returns to 
its normally closed position against contact 73, precluding 
further electrical actuation of the circuit. 
The above described circuit and switching assembly has 

many advantages. The circuit maintains all loads shunted 
across ground except for the single load which is being ener 
gized. This prevents stray electrical signals or the like from ac 
cidentally being coupled to a different load than the one which 
is to be energized. The home position of the switching 
mechanism and circuit requires manual actuation before elec 
trical actuation is possible, thereby providing a safety factor 
for personnel who must connect loads to the circuit. 
Another advantage results from switch segments 37 and 39 

being electrically separate from each other. In prior circuits 
for intervalometers of this type, a defective load, i.e., shorted, 
would result in disabling of the self-completing stepping cir 
cuit. In the present circuit, should a load be defective, the 
remaining loads are not thereby affected. DC source 130 
desirably includes sufficient internal resistance means to 
prevent harm when a defective load presents a direct short to 
ground 132. Each time spring contact 74 returns against con 
tact 73, positive line 131 is connected to coil 25, irrespective 
of whether or not the prior load presented a short to ground 
132. This allows the stepping assembly to bypass the defective 
load. Many other advantages will also be apparent to those 
skilled in the art. ' 

lf manual rather than automatic self-stepping is desired, 
switch 161 is initially closed. When switch 166 is thereafter 
closed, power is connected as previously described to coil 25, 
causing a stepwise movement of the switch. However, move 
ment of contact 74 off of contact 73 and against contact 75 no 
longer discontinues energization of coil 25, due to the shunt 
ing action of switch 161. A load is energized in the same 
manner as previously described, however, upon return of con 
tact 74 against contact 73, another‘stepping cycle is not in 
itiated because coil 25 has remained energized at all times. As 
contact 74 abuts contact 73, one cycle of operation is 
completed, with coil 25 still energized. 
To initiate the next stepping cycle, the switch 166 is opened 

and then again closed, causing another power stroke to occur. 
Switch 166 may be of the momentary make type, in which the 
depression of a push button closes the switch for a short 
period of time sufficient for contact 74 to abut contact 75 and > 
energize a load. For the purpose of automatic operation, 
switch 166 should also have a locked closed position, so that 
power may be connected to the circuit for the whole cycle of 
self-stepping energization of all loads. Thus, switches 161 and 
166 allow selection of either automatic self-stepping of 
manual stepping of the switching assembly. 
We claim: ' 

1. A stepping assembly and circuit for sequentially energiz 
ing a plurality of separate loads each having at least first and 
second terminals, comprising: 

a stepping motor assembly actuable to move a member 
along a path; 

a source of electric power having reference means and 
potential means with a potential difference therebetween 
for energizing said plurality of loads; 

switching means including a plurality of contacts each as 
sociated with one of said loads, rotor means including a 
?rst element sequentially connectable with each of said 
contacts and a common element connectable with the 
remaining contacts not connected to said first element; 

means individually connecting each of said plurality of con 
tacts to the second terminal of the load associated 
therewith; 
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link means connecting said stepping motor assembly 
member to said rotor means for step movement of said 
rotor means upon actuation of said stepping motor as 
sembly; 

means for periodically actuating said stepping motor as 
sembly to stepwise move said rotor means; 

means connecting said common element to said reference 
means; and 

means connecting said ?rst element to said potential means 
for energizing only one of said plurality of loads for each 
step movement of said rotor means, whereby the 
nonenergized loads remain coupled across said reference 
means. 

2. The stepping assembly and circuit of claim 1 wherein said 
switching means includes interrupter means actuable by step 
movement of the rotor means for changing the electrical state 
of a switch, - 

said reciprocal drive assembly includes a coil energizable by 
said potential di?‘erence for actuating said reciprocal 
drive assembly to move said member along said path, and 

said periodically actuating means includes means connect 
ing said coil in series with said switch and across said 
reference means and said potential means for energizing 
said coil for each stepwise movement of said rotor means. 

3. The stepping assembly and circuit of claim 2 wherein said 
switching means includes a home contact in addition to said 
plurality of contacts each associated with one of said loads, 
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10 
said rotor means connecting said ?rst element to said home 
contact when said switching means is stepwise at a home posi 
tion, and 

said coil connecting means includes means effective when 
said switching means is at said home position for sub 
stituting the connection to said potential means with a 
connection to said reference means, whereby both said 
coil and said plurality of loads are coupled across said 
reference means when said switching means is at said 
home position. ‘ 

4. The stepping assembly and circuit of claim 3 wherein said 
rotor means includes manually movable means for stepwise 
moving said switching means from said home position to 
another position to allow said circuit to thereafter control 
stepping of said switching means, whereby said switching 
means requires manual actuation before said circuit automati 
cally sequentially energizes said plurality of loads. 

5. The stepping assembly and circuit of claim 2 wherein said 
rotor means includes a first rotor section having said first ele— 
ment and said common element mounted thereon and a 
second rotor section having a third element electrically inde 
pendent of said first element and said common element, said 
switching means further includes contact means connectable 
with said third element, and 

said coil connecting means includes said contact means and 
said third element in series with said coil and said switch. 

it! * * * ‘I 


