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[5 7] ABSTRACT 
Automatic sequence control apparatus for a sprinkling 
system having a main electrically activatable valve 
ahead of a number of individual electrically activat 
able valves controlling ?ow to groups of sprinklers. 
Adjustable timer pins on a 24 hour timing disc deter 
mine the sprinkling times and durations. The timer 
pins engage a trip lever oscillatably journaled about 
the shaft of a rotary switch which is rotatable continu 
ously in one direction through a series of stable detent 
positions equally angularly disposed throughout a full 

360° turn of the shaft. A pawl carried by the trip lever 
engages a ratchet wheel on the shaft. The number of 
teeth on the ratchet wheel is an exact multiple of the 
number of detent positions for the shaft, and the oscil 
lation amplitude of the trip lever is sufficient to rotate 
the shaft from one detent position to the next each 
time a timing pin oscillates the trip lever. The rotary 
switch has two contact decks, each having an output 
contact for each group of sprinklers. The output 
contacts are identically arranged in each deck and the 
angular spacing between adjacent output contacts is 
precisely the same as the angular spacing between 
shaft detent positions. The shaft has a pair of wiper 
contact ‘members each with one or more wiper 
contacts arcuately spaced about the shaft and sequen 
tially engageable with the output contacts in their re 
spective decks. The output contacts in one deck are 
respectively connected to the individual electrically 
activatable valves to energize and’ deenergize them in 
a sequence and for a duration determined by the tim 
ing pins. The output contacts in the second deck are 

‘all connected to the main electrically activatable valve 
and the wiper contact or contacts in that second deck 
‘are relatively wide enabling them to engage one out 
put contact before disengaging a preceding one to 
thereby keep the main electrically activatable valve 
energized during the entire sprinkling cycle. The ro 
tary switch is manually indexed by rotating an index 
knob on the end of the shaft to override the pawl and 
ratchet mechanism. Five- and eleven-station controls 
are illustrated. The basic parameters of 23 different 
embodiments of the invention are listed, and the pa 
rameters are interrelated according to the following 
formula: 

S = (N + l)(360/D) 

‘where 
S = the arcuate spacing of the wiper contacts about 

the shaft in each deck, in degrees 
N = the number of output contacts in each deck 
D = the number of detent positions of the shaft in a 

full turn. 

15 Claims, 12 Drawing Figures 
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AUTOMATIC SEQUENCE CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

The ?eld of invention includes automatically timed 
‘control apparatus for use in sequentially energizing and 
deenergizing electrically activatable components such 
as valves for automatic sprinkler systems and the like. 
Timing control apparatus for sequentially activating 

components such as solenoid-operated sprinkler valves 
in the system disclosed here, washing and rinsing and 
drying operations in dishwashing and laundering equip 
ment, automatic mixers, and the like, conventionally 
employ a relay-actuated stepping switch to deenergize 
one function and energize the next at selected times de 
termined by timing elements on a constant speed mo 
tor-driven disc. If the apparatus is on a daily cycle, as 
for example a lawn where groups of‘ sprinklers are 
turned on and off, one group at a time, every night, the 
disc rotates once in 24 hours. Timing pins or clips are 
positioned about the periphery of the disc and these se 
quentially close and open a switch which applies an 
electrical-impulse to a coil or solenoid in the stepping 
switch. 
Each time a conventional stepper coil is impulsed, it 

drives a pawl-like plunger or armature to advance a 
ratchet wheel which is part of the stepping switch. This 
opens one set of contacts and closes another set to de 
energize one electrically activatable component and 
energize another. The plunger or armature is biased, as 
by a spring, so that when the stepper coil disengages at 
the end of the electrical impulse, it returns to cocked 
position, ready to advance the ratchet wheel in re 
sponse to the next impulse. 

In the conventional stepping switch used in this kind 
of apparatus, the ratchet wheel rotates forward during 
an operating cycle and then backward to reset. It does 
not rotate continuously in the same direction as it goes 
through repeated cycles. The ratchet wheel is generally 
rotatably biased by a torsion spring in the direction op 
posite that which it is rotated by the stepper coil and a 
pawl normally holds it against backward rotation by the 
spring. At the end of the operating cycle, a reset coil 
lifts the pawl, releases the ratchet wheel, and enables 
the torsion spring to rotate it back against a stop to its 
starting position ready for the next cycle. 
Because of the relatively slow movement ofa 24 hour 

timing disc, the switch energizing the stepper coil is 
held closed for longer than necessary to produce the 
impulse needed to‘ advance the stepper switch. To 
avoid large, expensive, continous-duty stepper coils, 
small intermittent-duty coils or solenoids may be used 
with means for limiting current to it. One example is 
described in applicant's co-pending application Ser. 
No. 169,924 filed Aug. 9, I971 on “Automatic Control 
Apparatus With Thermistor Protected Stepper Coil" 
where a positive thermal coefficient thermistor is 
placed in series with the stepper coil. Because attempts 
to use smaller stepper coils have required current limit 
ing controls, this has simply resulted in trading off one 
problem for another. Ifa smaller coil is used, something 
has to be added to protect it. 
Many ~attempts have been made to produce electri 

cally activated stepping switches for sequence controls 
but none has been entirely satisfactory from the stand 
point of low ?rst cost and reliability. The requirement 
of stepper and reset coils and all the associated me 
chanical parts and control circuitry makes a complex, 
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2 
expensive assembly which requires considerable care in 
manufacture to make it operate reliably, and the cost 
is too high for wide use in home and garden sprinkling 
systems. 

It has long been recognized by those in this art that 
an automaic sequencing system would preferably not 
use any electrically activatable stepping switch at all, 
but prior to the present invention, no such system has 
been developed. 

BRIEF SUMMARY OF THE INVENTION 

Broadly the object of this invention is to provide ap 
paratus for automatically controlling the sequence and 
duration of a plurality of electrically activatable com 
ponents, one example being opening and closing elec 
trically activatable valves which control groups of 
sprinklers, in predetermined time sequence, each for a 
predetermined duration. 
A primary object is to provide in such apparatus a 

unidirectional rotary switch which is mechanically op 
erated by a timing disc through a trip level and a pawl 
and ratchet mechanism, thereby eliminating com 
pletely the need for an electrically activatable stepping 
switch previously used in conventional sequence con 
trol apparatus. 7 

Another object is to provide such apparatus having 
a multi‘deck rotary switch in which one deck has a 
wiper contact sequentially engageable with output 
contacts connected respectively to individual electri 
cally activatable components, and a second substan 
tially similar deck with output contacts all connected to 
a main electrically activatable component, and in 
which incremental advance of the rotary switch 
through successive rotated positions by a timing mem 
ber successively energizes and deenergizes the individ 
ual components through an operating cycle, while 
maintaining the main component energized for the en 
tire duration of that operating cycle. 
Another object is to provide such apparatus which 

can be manually indexed to a desired portion of a se 
quencing cycle by merely rotating an index knob with 
out repeatedly depressing levers or buttons. 
A speci?c object is to provide an automatic sprinkler 

sequence control apparatus having a two-deck rotary 
switch with a shaft incrementally rotated through pawl 
and ratchet mechanism by a timing member, the first 
deck of the rotary switch having a wiper member with 
one or more relatively narrow contacts each of which 
is sequentially engageable with output contacts con 
nected respectively to individual sprinkler solenoid 
control valves, the rotary valve having a second deck 
similar to the ?rst deck except that the wiper contacts 
are relatively wider and the output contacts are all con 
nected to a main sprinkler solenoid valve controlling 
flow through the individual valves, thereby maintaining 
the main valve open during an entire operating cycle 
while the individual valves open and close in response 
to incremental advance of the rotary switch. 
Other objects and advantages will be apparent from 

the following description in connection with the draw 
ings in which: 
FIG. 1 is a schematic view of an automatic lawn 

sprinkler control system illustrating the present inven 
tion with some parts fragmentarily shown and a me 
chanically actuated rotary switch shown in greatly en 
larged, exploded perspective; 
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FIG. 1A is a fragmentary cross section of FIG. 1 
taken along line 1A—1A; , ‘ 
FIG. 2 is a side ‘view, partly in vertical cross section, 

of the rotary switch shown in FIG. 1, in assembled con 
dition; 
FIG. 2A is a fragmentary cross sectional view of FIG. 

2 taken along line 2A-2A; 
FIG. 3 is a cross-sectional view of FIG. 2 taken along 

line 3-3; ‘ 

FIG. 4 is a fragmentary enlarged cross-sectional view 
of FIG. 3 taken along line 4-4; 7 
FIGS. 5-9 are views of the mechanism shown in 

FIG. 3 in different portions of an operating cycle; and ' 
FIG. 10 is a view similar to FIG. 3 of a modi?ed form 

of the invention. , 

Like parts are designated by like reference charac 
ters throughout the ?gures. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now in detail to the drawings, a piping sys 
tem is illustrated as it would be provided for watering 
a lawn, golf course, or agricultural ?eld using an auto 
matic sequence control apparatus employing the prin 
ciplesof the present invention. A main supply conduit 
24 is connected with a water source P under pressure. 
A main electrically activatable valve MV controls the 
flow of water from the conduit 24. This valve is of the 
normally closed type and opens when energized or acti 
vated as will be described. ' 

Alternatively, supply conduit 24 may ‘be connected 
to an unpressurized or low pressure source such as a 
well or standpipe. In such case an electrically activat-_ 
able pump may be substituted for the valve MV. How 
ever, whether the main electrically activatable compo 
nent MV is a valve or~a pump, it is referred ‘to herein 
as a main electrically activatable component and it 
controls the flow of water through conduits 28, 29, 31 
and 32 to sprinkling conduits 33, 34, 36, 37 and 38. Be 

a tween each of these sprinklingconduits and main valve 
MV, there is an individual electrically activatable com 
ponent in the form of a solenoid valve. Five of these in 
dividual solenoid valves are shown, being designated 
V1, V2, V3, V4 and V5. These individual valves con 
trol flow into groups of sprinklers‘designated S1, S2, 
S3, S4 and S5, respectively. Each group of sprinklers 
may comprise any number of sprinklers, only one of 
which is shown as representative to each group in the 
present case. The main valve MV and each individual 
valve Vl-V5 has a solenoid actuator 39 which holds 
the valve open as long as it is energized and enables it 
to close when deenergized. 
A multi-deck rotary switch means is generally desig 

nated 41. It has a shaft 42 rotatably journaled in a sup 
port frame which includes a journal bushing 43 having 
external threads 44. The bushing 43 extends through an 
opening 46 in a panel 47 which is fragmentarily shown 
in FIG. 2. Lock nuts 48, 49 are screwed onto the 
threads 44 on opposite sides of the panel 47 and hold 
the switch ?rmly in- place. The shaft 42 has a C-ring 51 
recessed in a groove 52. The C-ring is seated on the end 
of the bushing 43 and may either rotate with the shaft 
or may be stationary on the bushing while the shaft ro 
tates within it. ‘ 

The rotary switch 41 has a detent deck 53 and first 
and second contact decks 54 and 56, respectively. 
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4 
The detent deck consists of a stationary plate 57 and 

a rotatable blade 58. The inner end portion of the shaft 
42 has a ?at 59 on each side. This is engaged within a 
rectangular opening 61 at the center of the blade to 
hold them against relative rotational movement. The 
blade 58 is staked tightly to the shaft 42 by indentations 
62 (FIG. 2) which upset portions 63 of the shaft into 
engagement with the underside of the blade. The blade 
has two diammetrically spaced through~holes 64, each 
with‘a detent ball 66 loosely held therein and pressed 
upward by an elongated leaf spring member 67 held 
against the underside of the blade by rivets 68. The de 
tent plate 57 is formed with a plurality of dimples hav 
ing downwardly concave detent recesses 69 for engag 
ing the detent balls 68 as shown in FIG. IA. In the em 
bodiment shown, there are precisely 24 detent recesses 
69 evenly arcuately spaced exactly 15° apart in a circu 
lar track around the shaft 42. Thus, the detent means 
acting between the shaft 42 and the frame 40 sequen 
tially retains the shaft in a plurality of evenly arcuately 
spaced stable detent positions, in this case the arcuate 
spacing being 15°. As will be described, other embodi 
ments may employ different total numbers of these de 
tent positions and different arcuate spacings between 
adjacent detent positions, but in all cases they will be 
evenly arcuately spaced about the shaft. 
The ?rst or upper contact deck 54 comprises an 

outer stationary plate 71 with a circular opening 72 
(FIG. 4), and an inner, circular plate 73 with a central 
rectangular opening 74 engaged with the ?atted inner 
end portion of the shaft 42. Both the plates 71 and 73 
are made of material having good electrical insulating 
characteristics and good mechanical strength such as 
an electrical grade laminated phenol formaldehyde 
plastic sheet. As shown in FIG. 4, the inner rotatable 
plate 73 has, along its outer periphery, an annular 
?ange 76 staked in place and held by tines 77x extend 
ing through the plate 73. The ?ange 76 underlies the 
plate 71 and with the wiper contact means to be de 
scribed keeps the plate 73 coplanar with the place 71 
while enabling it to rotate freely within the opening 72. 
Wiper contact means generally designated 77 consist 

of an annular wiper ring 78 held ?rmly in place by tines 
79 staked into the plate 73. The outer portion of ring 
78 overhangs and engages the top surface of the plate 
71 to help retain the plate 73 coplanar with the plate 
71. In the embodiment illustrated, there are four wiper 
contacts 81 comprising integral tabs extending radially 
from the wiper ring 78 and evenly arcuately spaced 
about the shaft 42, at 90° intervals. The wiper ring and 
wiper contacts, of course, will be electrically conduc 
tive, preferably metal. 
Deck 54 has ?ve output contacts, C1, C2, C3, C4 and 

C5 sequentially engageable, one at a time, by the wiper 
contacts 81. These contacts are arranged in precisely 
15° increments about the shaft 42, the same as the de 
tent recesses 69, and as will be described, each is con 
nectible to a particular one of the individual solenoid 
valves Vl-VS. The output contacts C1-C5 are circum 
ferentially positioned to match the detent positions of 
the wiper contact means so that when any of the wiper 
contacts 81 is engaged with one of the output contacts, 
the wiper contact means 77 is in one of its 24 stable de 
tent positions. Furthermore, the five output contacts 
are all spaced 15° apart so any of the wiper contacts 81 
successively engages all of the output contacts C1-C5 
as the wiper contact means is moved through succes' 
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sive detent positions. In addition to the output contacts 
just described, stationary plate 71 has a longer contact 
82 engaging the main annulus of the wiper ring 78 at 
all times. As will be described, this is a common 
contact, bringing one side of an electrical power source 
direct to the wiper contact means. 
The second, lower contact deck 56 is shown as iden 

tical in all respects with the above described deck 54 
except for one important inventive feature, namely that 
the wiper contacts 81a are wider (circumferentially) 
than contacts 81. Because of this identity between 
parts, the parts in deck 56 will be identified by the same 
reference indicia followed by the letter For exam 
ple, the ?ve output contacts corresponding to C1, C2, 
C3, C4 and C5 are identified Cla, C2a, C311, C4a and 
C5a. 
The circumferential width of the wiper contacts 81 in 

deck 54 is such that the wiper contact 81 disengages 
from each of the output contacts before engaging the 
next. As will be seen, this enables each individual valve 
V1-V5 to close before the next is opened, avoiding 
concurrent operation of two groups of sprinklers when 
the system is in straight automatic mode. 
As will also be seen when the circuit connections are 

described, the second deck 56 controls operation of the 
main valve MV. By making the wiper contacts 81a 
wider as shown, they will span the distance between ad 
jacent contacts and engage one output contact before 
disengaging an adjacent preceding one. This keeps the 
main valve MV open for the entire sprinkling cycle, 
opening concurrently with individual valve V1 and 
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closing concurrently with closing of individual valve - 
V5. This avoids starting and stopping of ?ow through 
the main valve MV during change-over from one group 
of sprinklers to another. Among other advantages, this 
minimizes destructive water hammer when the water 

flow stops. 
The rotary switch 41 is assembled by a pair of bolts 

83 and 84 extending through openings 86 in plates 57, 
71 and 71a. The bolts are held by nuts 87 and washers 
88 and the parts are held in proper spaced relation by 
spacer bushings 89. 
The mechanism for actuating the rotary switch to 

cause the first and second wiper contact means 77 and 
77a successively to engage corresponding pairs of first 
and second output contacts C1-C5 and C1a-C5a will 
now be described. 
A ratchet wheel 91 is mounted on and rotatable with 

the shaft 42 by a set screw 92. At the outer end of the 
shaft, a manual advance knob 93 is fastened by a pin 
94. A trip lever 96 is positioned between the knob and 
ratchet wheel and is oscillatably journaled for back and 
forth swinging movement about the shaft. A pawl 97 is 
pivoted on a pin 98 at one end of the trip lever. As 
shown in FIGS. 1 and 2A, the pawl is urged counter 
clockwise about the pin 98 and the trip lever is urged 
clockwise about the shaft against a stop 99 by a tension 
spring 101 which is fastened between pin 102 on the 
pawl and a fixed pin 103 fastened to the frame. Note 
in FIG. 2A that the line of action of the spring 101 is 
to the right of the pin 98. 
There are precisely 24 teeth 104 on the ratchet wheel 

91, corresponding to the 24 detent positions 69 of the 
shaft so that one back and'forth oscillation of the trip 
lever engages one of the teeth 104 and advances the 
shaft 15° from one detent position to the next. Alterna 
tively, the ratchet wheel'may have 48 teeth in which 
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6 
case the pawl will advance it two teeth per oscillation 
of the trip lever; or the ratchet wheel may have 72 teeth 
in which case the pawl will advance it three teeth at a 
time; etc. The general rule is that the number of teeth 
on the ratchet wheel is an even multiple of the number 
of detent positions of the shaft. 
By manually rotating the knob 93 in a counterclock 

wise direction, the shaft 42 will override the pawl and 
ratchet mechanism enabling the wiper contact means 
77 and 77a to be manually indexed quickly and easily 
to set the rotary switch in the proper portion of the con 
trol cycle. 
Timing means which oscillate the trip lever 96 at se 

lected times to determine the operating time and dura 
tion for each of the individual valves V1-V5 will now 
be described. 
A timing disc 106 is rotated once in 24 hours by 

motor 107 through speed reducing gearing illustrated 
by the pinion 108 and gear 109. The motor drives the 
pinion through shaft 111 and the gear drives the timing 
disc through a shaft 112. It will be understood that this 
is merely a schematic representation of any suitable ar 
rangement for driving the timing disc 106 at constant 
speed which, depending upon the application, rotates 
the timing disc completely during some suitable time 
period. 7 

About the periphery of the timing disc, there is a se 
ries of evenly arcuately spaced openings 113 for the se 
lective placement of timing pins P1, P2, P3, P4, P5 and 
P6. As one specific example, the timing holes 113 may 
be spaced ?fteen minutes apart and the timing pins 
P1-P6 may be placed in suitable holes to turn the sprin 
klers S1-S5 on and off late at night when loss of water 
by evaporation is minimized. 

In practical application of this invention, the compo 
nents described above, except for the piping valves and 
sprinklers, will be housed in a control case (not shown) 
at a control station or some protected, accessible loca 
tion. In addition, the housing will contain a source of 
electrical power, here shown as a l 10 volt/24 volt step 
down transformer 114; and indicator lamp 116; station 
mode selector switches K1, K2, K3, K4 and K5 for se 
lecting “automatic”, “manual” and “off" positions or 
modes for each of the individual sprinkler control 
valves Vl-VS; and a main switch KM. 
A common output terminal TC is connected to one 

input terminal of each solenoid valve MV and V1-V5 
through conductors 117, 118, 119, 121, 122, 123 and 
124. 
A main output terminal TV is connected through 

conductor 126 to another input terminal of main valve 
MV. 
Output terminals T1, T2, T3, T4 and T5 are con 

nected respectively to another input terminal of each 
individual solenoid valve Vl-VS through conductors 
127, 128, 129, 131 and 132. 
Two main power input terminals L1 and L2 are con 

nected to an external 1 10 volt alternating current 
power source. 
Main switch KM and mode selector switches Kl-KS 

are preferably slide switches having a slide button with 
right and left closed positions and a center open posi 
tion. More speci?cally, these are illustrated as double 
pole, double throw switches. Each is illustrated with a 
pair of movable contacts 1 and 2, right-hand stationary 
contacts 3 and 4, and left-hand stationary contacts 5 

g and 6. 
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In the embodiment illustrated, the timing motor 107 
is powered by the 110 volt inputs Isl-L2. L1 is con 
nected directly to timing motor 107, and to the primary 
of transformer 114, through conductors 133 and 134, ‘ 
respectively. Main switch KM is in the “on" position 
for automatic or manual operation when movable 
contacts 1 and 2 engage contacts 5 and 6. Main switch 
KM is in “rain" position when contacts 1 and 2 engage 
contacts 3 and 4. In the “on" position L2 connects 
through conductor 136 and fuse 137 to the primary of 
transformer 114, and through conductor 138 to the 
timing motor 107. In the rain position, L2 is connected 
through conductor 139 and fuse 137 to the transformer 
and again through conductor 138 to the timing motor. 
When main switch KM is in the on position, one 

power output terminal 141 of the transformer 114 sec 
ondary is connected through conductor 142, contact 5, 
and output terminal TC to one input terminal of each 
of the valves MV and V1-V5; and power output termi 
nal 141 is also connected to one side of indicator lamp 
116 through conductor 143. The other power output 
terminal 144 of transformer 114 is connected in com 
mon through conductors 146, 147 and 148 to all of the 
contacts 5 and 6 of switches Kl-KS and to the wiper 
contact means 77 and 77a through common output 
contacts 82 and 82a. In the individual switches K1-K5 
each contact 1 is connected to a corresponding output 
terminal T1-T5 through conductors 149, 151,152, 153 
and 154, respectively. All of the movable contacts 2 are 
connected through a common conductor 156 and con 
ductors 157 and 158 to the lamp 116 and main output 
terminal TV. The stationary contacts 3 are connected 
to the first deck output contacts C1-C5 through con 
ductors 159, 161, 162, 163 and 164, respectively. Sta- 
tionary contacts 4 are connected to the second deck 
output contacts C1a—C5a through conductors 166, 
I67, 168, 169 and 161, respectively. 
An important feature of the present invention is that 

the rotary switch rotates in one direction only and 
never reverses direction to reset as in the case with con 
ventional relay actuated stepping switches commonly 
used in_ sequencing apparatus. 
Before describing other embodiments including the 

eleven-sprinkler embodiment partly shown in FIG. 10, 
use and operation of the system shown in FIGS. 1-9 
will be described for both manual and automatic 
modes. 
Assume the following positions of the components at 

the beginning of the operating cycle: 
a. Main switch KM is in on position with movable 
contacts 1 and 2 engaging contacts 5 and 6, respec 
tively; 

b. All selector switches K1-K5 are in their “auto 
matic” positions, with movable contacts 1 and 2 of ' 
each engaging contacts 3 and 4, respectively; 

0. Timing pins P1-P6 are in 2:00 A.M., 2:15 A.M., 
2:30 A.M., 2:45 A.M., 3:00 AM. and 3:l5 A.M. 
positions, respectively, around the periphery of 
timing disc 106 which is positioned so the next pin 
to engage trip lever 96 will be P1; 

d. The shaft 42 is indexed to the “of " position shown 
in FIG. 5 where two of the four wiper contacts 81 
an 15° away, clockwise and counterclockwise, re 
spectively, from the output contacts C1 and C5. As 
stated, the shaft 42 may be advanced manually, 
counterclockwise, by turning knob 93 to index the 
wiper contacts to this particular position. 

8 
The four wiper contacts 81 in the ?rst deck 54 are at 

90° arcuately spaced positions. It will be understood 
that the corresponding wiper contacts 81a in the sec 
ond deck 56 will be in exactly corresponding positions 

5 below wiper contacts 81. With the components in the 
positions assumed in “a” through "d" above, the timing 
motor 107 will be energized from L1 to L2 through 
conductors 133, 138, 139 and 136, and contacts 6 and 
2. This rotates the timing disc 106. Pin P1 engages trip 
lever 96 and oscillates it about the axis of shaft 42. Pawl 
97 and ratchet wheel 91 rotate counterclockwise. De 
tent balls 66 are moved out of one diametrically op 
posed pair of detent recesses 69 (FIG. 1A) toward an 
adjacent pair of recesses 69. Intermediate the two adja 
cent detent recesses, the balls move across overcenter 
high points 172 (FIG. 1A). Slightly beyond there, the 
upward pressure of the leaf spring member 67 against 
the balls, and the sloping surface 137 into the next de 
tent recess causes the shaft and wiper contact assem 
blies to move ahead to the next detent position by snap 
action. In other words, just beyond the high point 172 
there is an overcenter action which tends to snap the 
shaft forward to the next stable detent position in which 
the balls 66 are seated in corresponding recesses 69. As 
will be described, for some of these detent positions the 
wiper contacts 81 and 81a will be engaged with output 
contacts C1-C5 and Cla-C5a to energize the sprinkler 
control valves. Following the snap action movement 
described, the pin P1 continues to move against the 
hook end of the trip lever 96. When it passes that end, 
the spring 101 pulls the trip lever back, clockwise, 
against stop 99 to a starting or cocked position ready 
to advance the ratchet wheel one more tooth when the 
trip lever is again moved by the next timing pin. 
As described above, timing pin P1 rotatably ad 

vanced shaft 42 one detent position, that is 15°, from 
the off position of FIG. 5 to the FIG. 6 position. One 
of the wiper contacts 81 engages output contact CI. 
Similarly, one of the wiper contacts 81a engages output 
contact Cla. This energizes and opens main valve MV 
and individual valve V1 directing flow through sprin 
kler group S1 by activating the circuit as follows. 
One power input terminal of each of main valve MV 

and individual valve V1 is connected to output terminal 
141 of transformer 114 through conductors 117, 119 
and 118, common outputterminal TC, contacts 5 and 
1 of main switch KM, and conductor 142. The other 
power input terminal of main valve MV is connected to 
the other output terminal 144 of transformer 114 
through conductor 126, output terminal TV, conductor 
156, contacts 2 and 4 of switch K1, conductor 166, out 
put contact Cla, wiper ring 78a and common contact 
82a in the second contact deck, and conductors 147 
and 146. And the other power input terminal of indi 
vidual valve V1 is connected to the other power input 
terminal 144 of transformer 114 through conductor 
127, output terminal Tl, conductor 149, contacts 1 
and 3 of switch K1, conductor 159, output contact C1 
and wiper ring 78 and common contact 82 in the first 
contact deck, and conductors 148 and 146. 
At the same time, the indicator lamp 116 is lighted. 

One side is connected to transformer output terminal 
141 through conductor 143. The other side is con 
nected to the other transformer output terminal 144 
through conductors 157 and 156, contacts 2 and 4 of 
switch K1, conductor 166, output contact Cla and 
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wiper ring 78a and common contact 82a in the second 
contact deck, and conductors 148 and 146. 
Thus, summarizing the above, as timing pin P1 moves 

trip lever 96 at 2:00 A.M. in the example given, main 
valve MV and individual valve V1 open simulta 
neously, directing water to the group of sprinklers S1. 
Lamp 116 lights to show that sprinkling is in progress. 
At 2:15, 2:30, 2:45, 3:00 and 3:15, respectively, tim 

ing pins P2, P3, P4, P5 and P6 engage the trip lever 96 
and successively index the rotary switch to the FIG. 7, 
FIG. 3, FIG. 8, FIG. 9 positions, and ?nally to a new off 
position identical to FIG. 5 except that the wiper rings 
81 and 81a have been rotated 90° counterclockwise. In 
other words, wiper contacts 81 (and corresponding 
wiper contacts 81a) are again at the A and B positions 
indicated in FIG. 5. This successive automatic indexing 
of the shaft and wiper contact means 77 and 77a re 
sultts in the following specific activation sequence for 
the individual valves Vl-VS at 15 minute intervals: 
Deenergizes valve V1 and energizes valve V2 at 2:15 
A.M. ‘ 

Deenergizes valve V2 and energizes valve V3 at 2:30 
A.M. 

Deenergizes valve V3 and energizes valve V4 at 2:45 
A.M. ' 

Deenergizes valve V4 and energizes valve V5 at 3:00 
A.M. 

and finally simultaneously deenergizes valves V5 and 
MV at 3:15 A.M. 

By moving any mode selector switch Kl through K5 
to “manual” position, that is, by engaging movable 
contacts 1 and 2 with contacts 5 and 6, respectively, 
the corresponding valve V1 through V5 will be acti 
vated simultaneously with the main valve Mv, and lamp 
116 will be lighted. For example, by moving switch Klv 
to manual position, the main valve MV is connected to 
the output terminal 144 of transformer 114 through 
conductors 126, 158 and 156, contacts 2 and 6 of 
switch K1, and conductor 146. 
By placing main switch KM in “rain” position, that 

is, engaging contacts 3 and 4, the timing motor 107 will 
continue to drive disc 106 and keep it properly timed, . 
but none of the sprinkler valves will be energized. 
As explained above, the ?rst deck wiper contacts 81 

are relatively narrow and disengage each output 
contact C1-C5 before engaging the next, while the sec 
ond deck wiper contacts 81a are relatively wider and 
disengaged one output contact only after engaging the 
next. This results in an operating cycle in which each 
sprinkler group Sl-SS is shut off at least momentarily 
before water is directed to the next group, while valve 
MV stays open for the entire operating cycle beginning 
with the opening of valve V1 until the closing of valve 
V5. 
During each operating cycle, operating at 2:00 A.M. 

and ending at 3:15 A.M. in the example given, with the 
timer pin settings shown, the shaft 42 rotates the wiper 
rings 90° per cycle, from the off position shown in FIG. 
5 to a next position which is just the same except that‘ 
each wiper contact means is rotated 90° counterclock 
wise. In each operating cycle the active wiper contact 
81 (and 81a) moves counterclockwise 90° from posi 
tion A to position B. 
As illustrated in FIG. 5, the five output contacts 

C1-C5 span an arc of 60° enabling the wiper contacts 
81 to ?ank the end contacts C1 and C5, 15° away from 
either, in the off position. Likewise, the live output 

10 
contacts C1a-C5a span the same 60° arc and two wiper 
contacts 81a flank end contacts Cla and C5a 15° away 
from either. There are four such positions, of course, 
one for each of the wiper contacts when in position A. 

5 Thus, with one operating cycle per rotation of the 24 
hour timing disc 106, it takes 4 days for the shaft 42 to 
rotate the wiper rings one full turn. By using each wiper 
contact 81, and 81a, only one-fourth of the time, and 
with a single off position as shown in FIG. 5 between 
operating cycles, the wiper rings can rotate continu 
ously in the same direction without reversal for reset. 
At the end of each sprinkling cycle, at 3: l 5 A.M. in the 
example given, the wiper ring asembly stops with one 
of the four wiper contacts 81 in position A, only 15", 
one detent position, away from the restart position for 
a new cycle shown in FIG. 6. 

FIG. 10 shows how the wiper contact assembly of 
FIG. 3 may be modified for use with an eleven 
sprinkler system. Eleven wiper contacts C101 through 
C111, in the first deck, are spaced 15° apart, making a 
total span of 150°. The wiper ring 178 has in this case 
only two wiper contacts 181 spaced 180° apart. The 
second deck is not shown, because it would be identical 
except that the wiper contacts would be somewhat 
wider for th purpose described in connection with 
wiper contacts 81a, namely, to keep the main valve 
open during the entire sprinkling cycle. The eleven 
sprinkler wiper arrangement of FIG. 10 has two off po 
sitions in which the contacts 181 are in positions AA 
and BB, each being 15°, one detent position, away from 
an end output contact C 101 or C111. Thus, each wiper 
assembly would rotate 180° per operating cycle, taking 
two days to rotate a full turn. 
An eleven-sprinkler system controlled by a rotary 

switch as shown in FIG. 10 would be exactly the same 
as the ?ve-sprinkler embodiment in FIG. 5 except, of 
course, there would be more individual valves, sprin 
klers and manual/automatic mode selector switches. 
The invention may be applied to systems having 

other numbers of sprinklers and electrically activatable 
components other than the five- and eleven-sprinkler 
embodiments speci?cally described. In each case, and 
referring to examples of components in FIG. 1, the 
wiper contacts 81/8 la, and the detent positions corre 
sponding to detent recesses 69, must be equally arcu 
ately spaced about the axis of the shaft 42. The number 
of teeth in the ratchet wheel 91 must be an even multi 
ple of the number of detent positions. The output 
contacts CI-CS/Cla-CSa must be arcuately spaced 
apart in amounts corresponding to the arcuate spacing 
between adjacent detent positions; in other words, if 
there are 24 detent positions, 15° apart, the output 
contacts must be 15° apart. And the number of active 
output contacts Cl-CS/Cla-CSa must equal the num 
ber of individual sprinkler valves Vl-VS. 
Within the criteria stated in the paragraph above, the 

interrelation of basic parameters for an automatic se 
quence control apparatus according to the present in 
vention may be expressed by the following formula: 

'= (N -l- l) (360/D) 
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where 
S = the arcuate spacing of the wiper contacts about 

the shaft in each deck, in degrees, 
N = the number of active output contacts in each 
deck, and 
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D =. the number of detent positions of the shaft 
evenly arcuately spaced in a full turn. 

Using the above formula, the basic parameters for 
some examples of sprinkler systems having from 2 to 23 

12 
and having a plurality of first angularly spaced 
wiper contacts sequentially engageable, one at at 
time, with said output contacts on rotation of 
said shaft, succeeding adjacent engaged positions 

sprinklers are listed as follows: 5 of said wiper contact means with said output 

N D S No. of Evenly Angular Spacing 
No. of Sprinklers No, of Evenly Spacing in Arcuately Between Adjacent 
& No. of Active Arcuatcly Spaced Degrees Spaced Wiper Detent Positions 
Output Contacts Detent Positions Between Contacts (Same As Between 
in Eact Rotary Wipcr Adjacent Output 
Switch Deck Contacts Contacts). In 

Degrees 

2 1s 60 6 20.0 
3 24 60 6 15.0 
4 30 60- 6 12.0 
5 30 72 5 12.0 
5 24 90 4 15.0 
6 27 90 4 13.3 
7 24 120 3 15.0 
8 27 120 3 13.3 
9 30 120 3 12.0 
10 22 I80 2 16.3 
11 24 I80 2 15.0 
12 26 I80 2 I3.8 
13 28 180 2 12.8 
14 30 180 2 12.0 
15 32 I80 2 11.3 
16 34 180 2 10.6 
17 36 I80 2 10.0 
18 38 180 2 9.5 
19 40 180 2 9.0 
20 42 180 2 8.6 
21 44 180 2 8.2 
22 46 I80 2 7.11 
23 24 360 1 15.0 

[n the last example above, the single wiper contact is contacts coinciding with a succession of adjacent 
sapced 360° with respect to itself, thus demonstrating detent positions of said shaft; 
that the formula applies even to a single wiper contact 35 means for actuating said rotary switch including 
in each deck. a trip lever oscillatably supported for swinging 
While five- and eleven-sprinkler embodiments have movement about said shaft and biased in one di 

been specifically disclosed and the basic parameters for' rection against a stop, and 
other systems using from two to twenty-three sprinklers a pawl carried by said lever engageable with teeth 
have been ‘listed, it will be'understood that various 40 on a ratchet wheel on said shaft to incrementally 
modifications and applications may be made within the rotatably advance said shaft and wiper contact 
spirit and scope of the invention which should be lim- means between succeeding adjacent detent posi 
ited only by the appended claims. For example, it tions in response to repeated oscillations of said 
should be clearly understood that the invention may be 45 trip lever through a predetermined are, 
applied to sprinkling systems having individual valves the number of teeth on said ratchet wheel being a 
Vl-VS with no main valve MV, in which case the in- whole multiple of the number of said detent posi 
vention could be practised using a single wiper contact tions; 
deck 54. timing means including 

I claim: 50 a timing member and means for rotating said tim 
l. in an automatic sprinkler sequence control appa- ing member at constant speed past said trip lever, 

ratus for controlling the operating sequence ofa plural- a plurality of timing elements carried by said timing 
ity of individual electrically activatable sprinkler com- member sequentially engageable with said trip 
ponents, the improvement comprising: lever, each said timing element being effective 
a rotary switch including 55 when moved past said lever to oscillate said lever 

a shaft rotatably journaled in a support frame for through said predetermined arc to rotatably ad 
unlimited rotation in one direction, detent means vance said shaft and wiper contact means from 
acting between said shaft and support frame for one of said detent positions to a next adjacent de 
holding said shaft in a series of stable detent posi- tent position; and 
tions which are equally angularly spaced 60 an electrical power source connected between said 
throughtout a full 360° turn of said shaft, wiper contact means and a common output termi 

a ?rst contact deck having a plurality of first output nal for said individual electrically activatable com 
contacts supported in a portion of a circular path ponents; 
about said shaft connected respectively through whereby sequential actuation of said trip lever by 
a plurality of?rst connecting means to a plurality 65 said timing elements advances said wiper contact' 
of individual output terminals for said individual 
electrically activatable components, 

a first wiper contact means carried by said shaft 

means to connect said power source successively 
between said individual output terminals and said 
common terminal to thereby activate and deacti 
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vate the individual electrically activatable compo 
nents in predetermined sequence determined by 
the positions of said timing elements on said timing 
member. 

2. In an automatic sprinkler sequence control appa 
ratus according to claim 1 in which the relationship be 
tween said wiper contact means, output contacts, and 
detent positions of the shaft is 

S=(N+ l) (360/D) 

where v 

S = the arcuate spacing of the wiper contacts on the 
wiper contact means about the shaft, in degrees, 

N = the total number of output contacts connected 
to said individual output terminals, and 

D = the total number of said detent positions of said 
shaft in a full 360° turn. 

3. In an automatic sprinkler sequence control appa 
ratus according to claim 1 in which said wiper contact 
means has a plurality of said wiper contacts equally ar 
cuately spaced about said shaft. 

4. In an automatic sprinkler sequence control appa 
ratus according to claim 1 having 

a second contact deck having a plurality of second 
output contacts identical in number and position in 
the deck of said plurality of ?rst output contacts 
supported in a portion of a circular path about said 
shaft connected respectively through a plurality of 
second connecting means to a first common-con 
ductor leading to a main output terminal for a main 
electrically activatable component connected be 
tween said main output terminal and said common 
output terminal; 

a second wiper contact means carried by said shaft 
having a plurality of second wiper contacts identi 
cal in number and orientation on said shaft to said 
?rst wiper contacts sequentially engageable, one at 
a time, with said second output contacts on rota 
tion of said shaft, succeeding adjacent engaged po 
sitions ofsaid ?rst and second wiper contact means 
with corresponding ?rst and second output 
contacts being coincident with one another; 

said electrical power source also being connected be 
tween said second wiper contact means and said 
common output terminal; 

whereby said main electrically activatable compo 
nent is energized by said power source through said 
second wiper contact means simultaneously with 
energization of any of said individual electrically 
activatable components through said ?rst wiper 
contact means. 

5. In an automatic sprinkler sequence control appa 
ratus according to claim 4 in which 

said first wiper contact means is engageable with only 
one of the ?rst output contacts at a time enabling 
it to disengage a first output contact before engag 
ing a succeeding adjacent first output contact; and 

said second wiper contact means is simultaneously 
engageable with a pair of adjacent second output 
contacts enabling said second wiper means to en 
gage a second output contact before disengaging a 
preceding adjacent second output contact; 

whereby said main electrically activatable compo 
nent is energized continuously for the entire period 
between energization of the first and deenergiz 
ation of the last of said plurality of individual elec 
trically octivatable components. 
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6. In an automatic sprinkler sequence control appa 

ratus according to claim 5 in which said second wiper 
contact means has at least one wiper contact wider 
than the wiper contact of said first wiper contact 
means. 

7. In an automatic sprinkler sequence control appa 
ratus according to claim 4 in which each of the ?rst and 
second wiper contact means has a plurality of wiper 
contacts equally arcuately spaced about the shaft. 

8. In an automatic sprinkler sequence control appa 
ratus according to claim 4 including a separate mode 
selector switch for each of said first connecting means 
and a corresponding second connecting means, and a 
second common conductor connecting each switch di 
rect to said electrical power source, 
each said switch being actuatable between manual 
and automatic mode positions, 

each said switch being effective in the automatic 
mode position to 
a. connect the corresponding individual output ter 
minal to said electrical power source through the 
corresponding first connecting means and a cor 
responding one of said first output contacts when 
the latter is engaged by said first wiper contact 

means, 
b. connect said main output terminal to said elec 

trical power source through the corresponding 
second connecting means and a corresponding 
one of said second connecting means when the 
latter is engaged by said second wiper contact 
means, ‘ 

each said switch being effective in the manual mode 
position to connect said corresponding individual 
output terminal and said main output terminal di 
rect to said electrical power source through said 
second common conductor and thereby bypass 
said first and second connecting means and said 
wiper contact means and output contacts. 

9. In an automatic sprinkler sequence control appa 
ratus according to claim 1 including a separate mode 
selector switch for each of said first connecting means 
and a common conductor connecting each switch di 
rect to said electrical power source, each switch being 
actuatable between manual and automatic mode posi 
tions, each switch being effective in the automatic 
mode position to connect the corresponding individual 
output terminal to said electrical power source through 
a corresponding one of said output contacts when the 
latter is engaged by said wiper contact means, and each 
switch being effective in the manual mode position to 
connect said corresponding individual output terminal 
direct to said electrical power source through said com 
mon conductor and thereby bypass said first connect 
ing means and said wiper contact means and output 
contacts. 

10. ln an automatic sprinkler sequence control sys 
tem having: 

a plurality of sprinkler means each connected 
through conduit means to a source of water; 

an individual electrically activatable valve in said 
conduit means controlling ?ow to each sprinkler 
means; i 

the improvement comprising programming means 
having a rotary switch including 
a shaft rotatably journaled in a support frame for 

unlimited rotation in one direction, 
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detent means acting between said shaft and support 
frame for holding said shaft in a series of stable 
detent positions which are equally angularly 
spaced throughout a full 360° turn of said shaft, 

once contact deck having one plurality of output 
contacts supported in a portion of a circular path 
about said shaft connected respectively to said 
electrically activatable valves, 

one wiper contact means carried by said shaft and 
having a plurality of wiper contacts equally arcu 
ately spaced about said shaft, each being sequen 
tially engageable with said output contacts on ro 
tation of said shaft, succeeding adjacent engaged 
positions of said wiper contacts with said output 
contacts coinciding with a succession of adjacent 
detent positions of said shaft; 

means for actuating said rotary switch including 
a trip lever oscillatably supported for swinging 
movement about said shaft and biased in one di 
rection against a stop, and 

a pawl carried by said lever engageable with teeth ' 
on a ratchet wheel on said shaft to incrementally 
rotatably advance said shaft and wiper contact 
means between succeeding adjacent detent posi 
tions in response to repeated oscillations of said 
trip lever through a predetermined arc, 

the number of teeth on said ratchet wheel being a 
whole multiple of the number of said detent posi 
tions; 

timing means including 
a timing member and means for rotating said tim 

ing member at constant speed past said trip lever, 
a plurality of timing elements carried by said timing 
member sequentially engageable with said trip 
lever, each said timing element being effective 
when moved past said lever to oscillate said lever 
through said predetermined arc to rotatably ad 
vance said shaft and wiper contact means from 
one of said detent positions to a next adjacent 
detent position; 

an electrical power source connected between said 
wiper contact means and each of said individual 
electrically activatable valves; 

whereby sequential actuation of said trip lever by 
said timing elements advances said wiper contact 
means to connect said power source successively to 
said individual electrically activatable valves to 
thereby energize and deenergize said valves in pre 
determined sequence determined by the positions 
of said timing elements on said timing member. 

11. In an automatic sprinkler sequence control sys 
tem according to claim 10 having 

a main electrically activatable flow controlling com 
ponent in said conduit means controlling flow of 
water from said source to said valves; 

another contact deck having a plurality of output 
contacts supported in a portion of a circular path 
about said shaft and connected to said main electri 
cally activatable ?ow controlling component; 

said other contact deck having wiper contact means 
carried by said shaft and a plurality of wiper 
contacts identical in number and spacing about 
said shaft to said plurality of wiper contacts in said 
one contact deck and sequentially engageable, one 
at a time, with the output contacts in said other, 
deck on rotation of said shaft, 

said electrical power source also being connecting 
between the wiper contact means in said other 
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deck and said main electrically activatable flow 
controlling component; 

whereby said main electrically activatable ?ow con 
trolling component is energized by said power 
source through the wiper contact means in said 
second deck simultaneously with energization of 
any of said individual electrically activatable valves 
through the wiper contact means in said one deck. 

12. In an automatic sprinkler sequence control sys 
tem according to claim II in which 
each of said plurality of wiper contacts in said one 
deck are engageable one at a time with the output 
contacts in that deck enabling each wiper contact 
to disengage an output contact before engaging a 
succeeding adjacent output contact; and 

each of said plurality of wiper contacts in said other 
deck are simultaneously engageable with a pair or 
adjacent output contacts in that deck enabling 
each wiper contact to engage an output contact be 
fore disengaging a preceding adjacent output 
contact; 

whereby said main electrically activatable compo 
nent is energized for the entire period between en 
ergization of the first and deenergization of the last 
of said valves. 

13. In an automatic sprinkler sequence control sys 
tem according to claim 12 in which the wiper contacts 

7 in said other deck are wider than the wiper contacts in 
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said one deck. 
14. In an automatic sprinkler sequence control sys 

tem according to claim 10 in which said shaft is rotat 
ably in said one direction to override said ratchet, and 
there is a manually operable knob on said shaft effec 
tive to rotatably index said shaft in said one direction 
to a selected position. 

15. An automatic sprinkler sequence control system 
comprising: 

a plurality of sprinkler means each connected 
through conduit means to a source of water; 

an individual electrically activatable valve in said 
conduit means controlling flow to each sprinkler 
means; 

a main electrically activatable flow controlling com 
ponent in said conduit means controlling ?ow of 
water from said source to said valves; 

rotary switch means including 
a support frame, 
a rotary shaft rotatably journaled in said support 
frame, 

detent means acting between said shaft and frame 
for sequentially retaining said shaft in a plurality 
of evenly arcuately spaced stable detent 
positions. 

separate first and second contact decks at axially 
spaced locations along said shaft, each deck hav 
ing a series of output contacts corresponding in 
number to said plurality of valves supported in a 
portion of a circular path about said shaft, 

separate first and second wiper contact means car 
ried at axially spaced locations on said shaft each 
having at least one wiper contact sequentially en 
gageable on rotation of said shaft with corre 
sponding output contacts in said first and second 
decks respectively, succeeding engaged positions 
of said wiper contact means on .said output 
contacts coinciding with some succeeding detent 
positions of said shaft, 
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said wiper contact of said ?rst wiper contact means 
being engageable with only one of the corre 
sponding output contacts at a time enabling it to 
disengage an output contact before engaging an 
adjacent succeeding one, a 

said wiper contact of said second wiper contact 
means being simultaneously engageable with a 
pair of adjacent ones of the corresponding output 
contacts enabling it to engage an output contact 
before disengaging an adjacent preceding one; 

means for actuating said rotary switch means to ro 
tate said shaft to cause said ?rst and second wiper 
contact means successively to engage the corre 
sponding output contacts including a trip lever 
journaled for forward and backward swinging 
movement through a predetermined arc about said 
shaft, means biasing said trip lever in a backward 
swinging direction, stop means limiting such back 
ward swinging movement, and a pawl carried by 
said lever engageable with a ratchet wheel on said 
shaft effective to incrementally rotatably advance 
said shaft and said ?rst and second wiper contact 
means in response to repeated forward and back 
ward swinging movement of said‘trip lever, the 
number of teeth on said ratchet wheel being a 
whole multiple of the number of said detent posi 
tions; and timing means including 
a timing disc and means for rotating said disc at 
constant speed past said trip lever, 

a plurality of timing elements carried by said timing 
disc sequentially engageable with said trip lever, 
each said timing element being effective when so 
engaged to swing said trip lever through saidgpreJ 
determined arc to rotatably advance said shaft 
and said first and second wiper contact means 
from one of said detent positions tothe next; 

the relationship between output contacts, detent 
means, ratchet teeth, and ?rst and second wiper 
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contacts being ' 

S= (N + l) (360/D) 

where 
S = the arcuate spacing of said wiper contacts in 
each wiper contact means, about the shaft. in de 
grees 

N = the total number of said output contacts in 
each deck 

D = the total number of said detent positions of 
said shaft in a full 360° turn; 

an electrical power source having one power output 
terminal connected in common to one power input 
terminal of said main electrically activatable flow 
controlling component and to one power input ter 
minal of each of said electrically activatable vavles, 
said electrical power source having another power 
output terminal connected in common to both of 
saidfirst and second wiper contact means; and 

conductor means connecting the output contacts in 
the ?rst contact deck to another power input termi 
nal of each of said electrically activatable valves, 
and connecting all of the output contacts in the 
second contact to another power input terminal of 
said main electrically activatable ?ow controlling 
component; 

whereby sequential actuation of said trip lever by 
said timing elements causes said ratchet to simulta 
neously rotatably advance said first and second 
wiper contact means, thereby successively activat 
ing and deactivating said valves individually and in 
sequence through said ?rst wiper contact means, 
and maintaining said main ?ow controlling compo 
nent activated for the entire sprinkling period be 
tween actuations of the trip lever by the first and 
last timing elements in said plurality of timing ele 
ments. 

* * * * * 
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