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57) ABSTRACT 
A timer includes a disc-type of cam having circular 
cam tracks thereon for coaction with switches, all car 
ried by the housing. A motor is mounted on the hous 
ing and has an eccentric that acts through a drive 
pawl, a stop pawl or preferably two stop pawls 
precluding reverse cam rotation, there being a series 
of peripheral teeth on the cam on which the pawls act, 
the teeth having a variable pitch produced by their 
being of non-uniform angular size. 

20 Claims, 4 Drawing Figures 
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1. 

SEQUENTIAL TIMER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention deals with a sequential timer wherein 

a main timing cam is moved incrementally at a creep 
rate. 

2. Prior Art 
Various types of timer constructions have been 

previously employed to control, by way of example, 
domestic automatic washing machines. These 
machines have various types of programs that must be 
controlled by a sequence timer. For example, a squirrel 
cage type induction motor is driven in one direction 
during washing, is then shut off and allowed to coast to 
a standstill, and is then driven in an opposite direction 
for effecting spin-drying. The control of such a 
sequence has entailed the use of a plurality of steps or 
time-increments on a timer to ensure that the proper 
sequence is carried out. It is typical for such a motor to 
coast to a halt in about five seconds, thereby leaving 
approximately 55seconds of idle time before the next 
indexing of the timer takes place. 
Another example of customary practice in the prior 

art is that some functions must have a shorter duration 
than that provided by one step. For instance, if the 
timer indexes once every minute, that index 
mechanism can hardly be used to control spray rinses 
that last but a few seconds each. Thus, it has been com 
mon to provide a sub-interval switching mechanism 
under the control of one of the timer tracks to provide 
such auxiliary control. 

In some programs, there is a need to actuate several 
switches more or less at the same time, but their 
sequence must be carefully determined, in order to 
prevent various kinds of malfunction of control. The 
example given above is but one, and there are others, 
and these all have in the past been handled by timer 
program designers by using more than one interval. 
When a timer interval is used relatively briefly to en 
sure proper sequence of control, a non-technical user 
such as a housewife has often been fooled into thinking 
that a wash cycle has been completed, that the machine 
has failed or quit for some reason, with various result 
ing consequences. 
Another example where proper switch sequence is 

needed is where a lid lock is used on a washer which 
must be unlocked before a second switch shuts off 
timer power for a deep rinse pause, or else the tub 
would be inaccessible during such pause. Yet the line 
control switch must open before a motor interrupter 
switch closes in order to prevent momentary power 
being applied to the main motor and thus causing a 
chugging action. 

In a typical commercial timer program, there are 60 
uniform teeth of 6 degrees each, or 72 uniform teeth of 
5° each. A program of 45 teeth is ordinarily not prac 
ticable in this field as more control points are needed. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, we have 

eliminated the need for a sub-interval switch, we have 
eliminated the long control pauses where nothing takes 
place, and we have enabled three or four functions to 
be controlled in a predetermined sequence within one 
program step, and have done so in an economical 
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2 
manner while using the advantageous features of the 
sequential timer shown in U.S. Pat. No. 3,436,975 is 
sued to the same assignee as is this invention. We have 
achieved the results described by utilizing cam teeth of 
non-uniform angular size, some teeth being larger than 
average and some teeth being correspondingly smaller 
in average without reducing the number of teeth. The 
larger teeth, when coupled with a creep-step timer, 
provide adequate time and space for having a number 
of functions controlled within the angular movement 
associated with the advancement of one of the larger 
teeth. At the same time, non-critical functions have 
been associated with those teeth that are cor 
respondingly smaller. 

Accordingly, it is an object of the present invention 
to provide a sequential timer wherein the motor drives 
the main timing cam in a step-by-step manner where 
the magnitude of those steps vary, doing so at a creep 
rate for each step. 
A further object of the present invention is to pro 

vide a sequential timer wherein a plurality of switches 
may be successively controlled within the interval as 
sociated with one step or tooth. A still further object of 
the present invention is to provide a sequential timer 
wherein sub-interval control functions can be handled 
by the main timing cam without use of any separate 
sub-interval switch means. 
A further object of the present invention is to pro 

vide a sequential timer which can be used to shut off a 
washing machine motor, to permit such motor to coast 
to a halt, to reverse the switch phasing thereof and to 
start it in a reverse direction, doing so all within the in 
terval afforded by one timer tooth or step. 
A still further object of the present invention is to 

provide a sequential timer which enables more events 
to take place per step and which can shorten any un 
needed gaps between events. 
Many other advantages, features and additional ob 

O jects of the present invention will become manifest to 
those versed in the art upon making reference to the 
detailed description and the accompanying sheets of 
drawings in which preferred structural embodiments 
incorporating the principles of the present invention 
are shown by way of illustrative example. 

ON THE DRAWINGS: 

FIG. 1 is a side elevational view of a sequential timer, 
with parts removed for clarity of illustration, and pro 
vided in accordance with the principles of the present 
invention; - 

FIG. 2 is a fragmentary enlarged diagrammatic view 
of a portion of the timer of FIG. 1; and 

FIGS. 3 and 4 are enlarged views of other timing 
cams that can be employed in the timer of FIG, 1. 

AS SHOWN ON THE DRAWINGS: 
The principles of the invention are particularly useful 

when embodied in a sequential timer of the creep 
stepping type such as illustrated in FIG. 1, generally in 
dicated by the numeral 10. The timer 10 includes a 
housing 11 within which is disposed a main timing cam 

5 12, the cam 12 being rotatably supported by the hous 
ing 11. The cam 12 is provided with various tracks 
(FIG. 2) which jointly comprise a program for con 
trolling a plurality of switches that form parts of elec 
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tric circuits to be controlled by the timer 10. Thus, by 
the angular position of the timing cam, the various cir 
cuits are regulated. 
A motor 13 is secured to the housing and has a 

rotatable output member 14 driven by the motor 13, 
the output member 14 having a drive portion 15 eccen 
tric to the rotational axis of the output member 14. A 
drive pawl 16 is carried on the eccentric drive portion 
is for being continuously reciprocated thereby. The 
drive pawl 16 is biased about the axis of the drive por 
tion 15 by a spring 17 to urge it into engagement with 
the timing cam 12. A stoppawl 18 has a pair of ears 19 
disposed in recesses in the housing 11 whereby the stop 
pawl 18 is movably supported, a spring 20 biasing the 
stop pawl 18 for movement about its support and into 
engagement with the timing cam 12. A second stop 
pawl 21 is pivotally supported at 22 by the housing 11 
and has an integral spring portion 23 assisted by a 
further spring 24 which biases the stop pawl 21 into en 
gagement with the timing cam 12. 
The timing cam 12, as well as those illustrated in 

FIGS. 3 and 4 have 60 teeth, and the output member 14 
typically makes 1 revolution per minute, whereby in 
this example, it would take 1 hour to obtain a complete 
revolution of the timing cam 12. As a practical matter, 
the cycle may be different in duration and more than 
one program may appear on the timing cam 12. How 
ever, the values are used to illustrate the principles and 
not in a limiting sense. As there are 60 teeth on the cam 
12, the average or mean tooth size corresponds to 6 
SZC. 

In accordance with the present invention, certain of 
the teeth are made larger. When the motor 13 
reciprocates the drive pawl 16, the total travel of the 
drive pawl 16 measured at the teeth of the timing cam 
12 corresponds to about 9 of timer can periphery. 
Thus, the largest tooth that can be accommodated must 
be less than the travel of the drive pawl 16. With a 9 
travel on the drive pawl, an 8 maximum tooth size is 
thus preferred. Certain 8 teeth have been so 
designated. 

In order to preserve the total number of teeth at 60, 
for each 8' tooth, it is necessary to compensate by mak 
ing other teeth smaller. As the travel of the drive pawl 
16 is 9 in this example, it would not do to have ad 
jacent teeth as small as 4, because then the drive pawl 
would pick up two teeth instead of one. Thus, for ran 
dom tooth locations, it is preferred that each of the 
teeth of reduced size be greater than half of the travel. 
As the travel is here 9, half of the travel is 4%, and 
thus the smallest tooth has been made 5. Thus, no two 
teeth can be picked up at once. Certain of the teeth 
have been designated as being 5 teeth. Thus, as the 
drive pawl 16 is reciprocated, successive uniform 
reciprocations of it effect incremental angular move 
ments of the timing cam 12 which are of non-uniform 
angular size. 
The distance between the driving end 25 of the drive 

pawl 16 and the tooth abutting end face 26 of the stop 
pawl 18, measured in degrees, is an integral number of 
6 teeth. However, when non-uniform teeth are used, 
this relationship may not exist, and it could be possible 
for the timing cam 12 to move in a direction opposite to 
the arrow during the time that it is not driven. The stop 
pawl 21 is therefore provided at another location, 

4 
similarly spaced an integral number of uniform teeth 
away so that ordinarily one or the other could be ex 
pected to engage. Yet, there are times when some tooth 
arrangements might prevent certainty of intended func 
tion, and therefore the tooth abutting end face 27 of 
the stop pawl 21 is notched as at 28 so as to provide two 
abutting end face portions which can engage with the 
drive face portions of the various teeth. 

Further, the drive face portion of all of the 8 teeth is 
also notched, and some of the 6 teeth are cor 
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respondingly notched. Further, the notch on some of 
the 8 teeth is twice as large. The notches mentioned 
are provided for two purposes. One of these purposes is 
to simulate an integral number of 6 teeth between the 
drive pawl and one or both of the stop pawls. Each 
notch on a 6' tooth and each of the 2 notches on the 8 
teeth are provided for that purpose. Where an 8 tooth 
is provided with a 1 notch, such notch is there to pro 
vide clearance to enable the pawls to swing past, but 
can also be used for compensation purposes. 

If one takes the total possible angular movement of 
the timer cam 12 for a particular cycle, and divides that 
by the number of teeth that are available for use in that 
cycle, one obtains the number of degrees per tooth that 
are available where the teeth are of uniform or average 
size. For that number of teeth, using the foregoing ex 
amples, if one tooth is made larger, then one or more 
teeth must be made smaller than the uniform size so 
that the total amount of degrees larger are equal to the 
total amount of degrees smaller. Thus, according to this 
invention, there are one or more teeth that are larger 
than the uniform tooth size used for that cycle. 

Having obtained a larger space by use of the larger 
tooth, than it becomes possible to provide non-random 
sequencing of three or four switches to control three or 
four items or groups of items. This resultis illustrated in 
FIG. 2. Here, an 8 tooth is shown as having three cam 
tracks 30, 31, 32 terminating within its included angle 
and respectively associated with switches 33, 34 and 
35. The timer can 12 has advanced so that the cam 
track 30 has closed the switch 33 after about 2 of 
movement. About 2 later, the track 31 will close the 
switch 35. Thus, there is approximately a 7-second 
spacing of all of the actuations with respect to each 
other and with respect to the ends of travel of that step. 
The following tooth may be either a 5 or 6 tooth and 
has a non-critical function to control. Thus, a cam 
track 36 can control a switch 37 during the following 
step. According to this teaching, a short cam track can 
be used to turn one switch both on and off in the same 
step or off and on in the same step, such as a spray rinse 
switch, a relay holding circuit or the like. The large 
tooth thus adds time to the interval that the creep step 
is taking. Yet, with switches such as 33, 34 and 35, set 
to be actuated in sequence, entire full increments of 
stepping can be eliminated from that previously done. 
For instance, the motor of a wash machine can be 
stopped at the end of its agitation period, the motor 
polarity can be reversed in the timer, and the motor can 
be restarted, all within one step. In the example given, 
it is customary to dimension the cam tracks 30-32 
within one-quarter of a degree of annular movement. 

It is preferable that the 5' teeth be immediately ad 
jacent to an 8 tooth so that the customary dial (not 
shown) associated with the control knob will not 
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become non-linear. Therefore, dials will remain in 
terchangeable. 
Various timer cams may be provided, and FIGS. 3 

and 4 illustrate other arrangements. Both the timer cam 
12 and the timer cam 40 shown in FIG. 3 have their 
various non-uniform teeth arranged in a plurality of 
groups, while the timer cam 41 in FIG. 4 has all its non 
uniform teeth disposed in two adjacent quadrants, 
those shown in phantom being all uniform. When it is 
necessary to space two 8 teeth close to each other, 
they are ordinarily separated by one 5 tooth, and the 
other compensating 5 tooth is placed as close as prac 
ticable, between a pair of 6 teeth. 
The examples of tooth pattern shown or described 

are exemplary as there is no set pattern that must be 
followed. The important principle to keep in mind is 
that any two consecutive teeth must have a combined 
effective size which exceeds the effective travel of the 
drive pawl 16. Where circumstances permit, non-ran 
dom tooth arrangements can then be utilized. For in 
stance, with the aforesaid 9 effective travel of the drive 
pawl, an 8° tooth must be flaked on both sides by teeth 
between 2 and 8 in size. If compensation is not 
needed to maintain the number of steps or teeth, or if 
overcompensation is permissible for increasing the 
number of teeth, many patterns can be employed. If a 
2 or 3 tooth is used, no switch 37 is employed 
therewith and it merely marks time. A4 tooth can be 
used to control switch means, but preferably not more 
than one switch 37. The use of a 4 tooth as compensa 
tion for an 8 tooth also simplifies the geometry of stop 
pawl location where 6 is the mean tooth size. The teeth 
mentioned herein have sizes which are identified by an 
integral number of teeth which comprise a factor of 
360. This has been done for simplicity of explanation, 
but fractional intermediate sizes may also be employed. 
However, the selected examples illustrate to the reader 
how to tailor his own tooth arrangements using the 
principles set forth herein. 
Although various minor modifications might be sug 

gested by those versed in the art, it should be un 
derstood that we wish to embody within the scope of 
the patent warranted hereon all such embodiments as 
reasonably and properly come within the scope of our 
contribution to the art. 
We claim as our invention: 
1. A sequential timer for controlling a number of 

electric circuits in accordance with a predetermined 
program, comprising: 

a. a housing; 
b. a timing cam rotatably supported by said housing, 

said cam being adapted to control the circuits in 
response to its angular position; 

c. a motor secured to said housing: 
d. a rotatable output member driven by said motor 
and having a drive portion thereon eccentric to the 
rotational axis of said output member; 

e. a drive pawl pivotally carried on said eccentric 
drive portion for being continuously reciprocated 
thereby, and biased about the axis of said drive 
portion; 

f. a stop pawl movably supported on said housing and 
biased for movement about its support; and 

g a series of circularly arranged teeth drivably 
secured to said timing cam and against which said 
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6 
pawls are biased for respectively rotating said tim 
ing cam in one direction and for precluding rota 
tion thereof in the opposite direction, some of said 
teeth being of non-uniform angular size so that 
successive uniform reciprocations of said drive 
pawl effectincremental angular movements of said 
timing cam of non-uniform angular size. 

2. A sequential timer according to claim 1, including 
a second stop pawl movably supported on said housing 
and biased for engagement with successive ones of said 
teeth, said second stop pawl being disposed to preclude 
timing cam rotation in said opposite direction when the 
first named stop pawl is out of blocking engagement 
with said teeth. 

3. A sequential timer according to claim 1, in which 
said stop pawl has a tooth-abutting end face which is 
notched so as to define two end face portions spaced 
from each other. 

4. A sequential timer according to claim 2, in which 
one of said stop pawls has a tooth-abutting end face 
which is notched so as to define two end face portions 
spaced from each other. 

5. A sequential timer according to claim 1, in which 
at least one of said teeth has a drive face which is 
notched so as to define two drive face portions spaced 
from each other. 

6. A sequential timer according to claim 1, in which 
the angular size of one of said teeth exceeds the mean 
tooth size by an amount that is compensated for by 
other of said teeth being correspondingly smaller. 

7. A sequential timer according to claim 1, in which 
the angular size of the largest of said teeth is less than 
twice the angular size of the smallest of said teeth. 

8. A sequential timer according to claim 1, including 
a plurality of switches successively actuated by a plu 
rality of cam tracks on said cam at spaced time inter 
vals in a predetermined succession during the driving of 
the largest of said teeth by said drive pawl during one of 
its reciprocations. 

9. A sequential timer according to claim 1, in which 
all said non-uniform angular size teeth are arranged in 
two adjacent quadrants. 

10. A sequential timer according to claim 1, in which 
said non-uniform angular size teeth are arranged in a 
plurality of groups spaced from each other by teeth of 
uniform angular size. 

11. A sequential timer according to claim 1, in which 
the angular size of the largest of said teeth is slightly 
less than the distance said drive pawl reciprocates, and 
in which the angular size of the smallest of said teeth is 
slightly greater than one-half the distance said drive 
pawl reciprocates. 

12. A sequential timer according to claim 1, includ 
ing a plurality of can track steps on said cam at spaced 
angles for directly producing a plurality of switch ac 
tuations in a predetermined succession at spaced time 
intervals during the driving of the angularly largest of 
said teeth by said drive pawl during the drive portion of 
one of its reciprocations. 

13. A sequential timer according to claim 1, in which 
the angular size of two adjacent teeth are unequal, the 
combined size of said two teeth exceeding the effective 
travel of said drive pawl. 

14. A sequential timer according to claim 1, in which 
one of said teeth has an angular size larger than one 
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half the effective travel of said drive pawl, and smaller 
than the effective travel of said drive pawl, and a pair of 
adjacent teeth directly adjacent to said one tooth, each 
having a size when combined with the size of said one 
tooth exceeding said effective travel, said one tooth 
being larger than the average angular size size of said 
teeth. 

15. A sequential timer according to claim 1, in which 
one of said teeth which is larger than average in angular 
size is flanked by a pair of teeth which are smaller than 
average in angular size, said one and said pair of teeth 
taken together being the angular size of three average 
teeth. 

16. A sequential timer according to claim 1, in which 
two of said teeth which are larger than average in angu 
lar size are separated by only one smaller-than-average 
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8 
angular size tooth, there being a further smaller-than 
average angular size tooth disposed elsewhere between 
a pair of average angular size teeth. 

17. A sequential timer according to claim 5, in which 
said one tooth is larger than average in angular size. 

18. A sequential timer according to claim 5, in which 
said one tooth is average in angular size. 

19. A sequential timer according to claim 17, in 
which at least two of said larger than average angular 
size teeth have notched drive faces, the notch of one 
being substantially twice the size of the notch of the 
other. 

20. A sequential timer according to claim 8 in which 
said plurality of switches are at least three in number. 

k sk xk sk 
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Col. 3, after line 31 insert of cam rotation. Most of the timing 
cam teeth in this embodiment are of a six-degree 

Col. 3, line 37 change "timer can' to timer came. 

Col. 4, line 42 change 'timer can" to - timer cam-. 

Col. 4, line 45 after 'switch' insert - 34 and about two degrees later, 

the cam track 32 will close the switch 
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