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MOTON TRANSMITTING MECHANISM 

Bryan Brassell, Santa Rosa, N. Mex. 
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(C. 4-25) 20 Claims. 

This invention relates to improvements in mo 
tion transmitting mechanisms. While the in 
Vention is applicable for Service in Various arts 
and under Various conditions, the present en 
bodiment is designed more particularly for serv 
ice in the pumping field, and especially under 
conditions where the pumping mechanism is 
of the reciprocating type (especially double-act 
ing pumps) such as are employed in operations 
for raising fluids from Wells. 
Pumping mechanisms of this type are generally 

operated by suitable power mechanisms opera 
tive to reciprocate a vertically-extending pump 
rod, which may be of considerable or great length 
and which carries the structure for segregating 
and lifting the fluid; in single-acting pumps the 
down stroke of the rod is utilized to load the 
pump, with the up-stroke serving to raise the 
load; with double-acting pumps the structure is 
arranged to provide the loading and raising ac 
tivities with each stroke of the rod; the general 
distinction between the types is provided by the 
pump structure per se, both types utilizing a 
pump rod which reciprocates in opposite direc 
tions from a suitable power source. The present 
invention deals more particularly with the re 
ciprocation of the pump rod, so that the invention 
is operative with either type. 
Many different types of mechanism have been 

employed for inparting reciprocations to the 
pump rod, but there has always been present cer. 
tain limitations as to speed of operation, etc., 
due to the fact that power mechanisms generally 
operate continuously in the same direction, while 
the reciprocating rod must move through a cycle 
of two strokes in which the direction of nove 
ment of One Stroke is opposite the direction used 
for the other stroke. Hence, in the Zones. Where 
the change is made from one stroke to the other, 
there is presented an instant where the rod must 
conne to rest from its movement in one direction 
and then begin the stroke in the opposite direc 
tion; with a continuously-operating power source 
this instant in which reversal takes place is 
generally infinitesimal, becomingless as the speed 
increases; in other Words, during the reversal in 
stroke it is necessary to pass from the condition 
of approach inertia of motion to a momentary 
condition of inertia of rest, followed by the in 
ertia of motion in the opposite direction, this con 
dition being provided in the pump rod as well as 
in the pumping structure carried thereby. If 
the speed of approach is material, the Sudden rest 
requirement. Will tend to produce a shock-this 
tendency increases as the speed increases, since 
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the time Within which the change can be made 
decreases as the Speed increases. 
A favorite type of power Source has been one in 

which a rotating crank pin has been connected 
With the rod, directly or indirectly, by a crank 
arm, thus Setting up the conditions of translating 
rotary motion into reciprocatory notion. In 
such installations, tile Zenith and nadir points 
of the orbital path of the crank pin provide the 
reversal Zones for the strokes of reciprocation of 
the pump rod. Such arrangement has permitted 
operating speeds to be obtained, due to the fact 
that while the crank-pin moves through its orbit 
at constant speed, the crank arm movement is 
equivalent to a movement along a vertical diam 
eter of Such Orbit, With the Zenith and nadir 
pointS presenting the three inertia stages, as the 
crank-pin approaches the point, passes through 
it, and then recedes from it. In such arrange 
ment, the highest speed of the pump rod is when 
the crank-pin is passing the opposite ends of a 
horizontal diameter of the orbit, the speed de 
creasing as the pin moves toward the succeeding 
point of the orbit on the vertical diameter, the 
Speed decreasing rapidly during the approach 
to such end zone of reciprocation. Hence, the 
Speed of the crank pin can be such as will enable 
the rod to pass through the reversal zone with 
out shock; efforts have been made to increase 
the Speed by providing shock absorbers or the 
like, but these are not entirely satisfactory, and 
the commercial activities have generally pro 
vided operations relying upon speeds which did 
not produce shocks. 
In two earlier applications for patent, I have 

provided structures designed to permit the use 
of increased speeds. The first of these, now 
U. S. Patent No. 2,273,173, issued February 17, 
1942, utilizing such crank pin travel through its 
orbital path as the power source, interposes a 
control unit intermediate the crank-pin power 
Source and the pump' rod-the crank arm is con 
nected to the unit and the latter to the pump 
rod-with the unit effective to change somewhat 
the Speed relationships produced by the travel of 
the crank pin. For instance, during travel 
through an intermediate zone between the Zenith 
and nadir points, the control unit causes the 
pump rod to travel in substantial unison (a 1:1 
relation) With the crank-pin developed speeds 
of the pump rod; in the Zenith and nadir zones, 
however, this relation is changed so as to set up a 
reduced speed relation (a 2:1 relation, for in 
stance). The translation from rotary to recip 
rocating motion takes place between the crank 



pin and a reciprocating member of the unit, With 
Such member having Synchronous relation. With 
the crank-pin movements throughout the cycle, 
the unit then controlling the relative speeds be 
tween such member and the reciprocating pump 
rod. 
In other Words, during rotation of the crank 

pin through its orbit, the travel of the recipro 
cating member will have its timing and speeds 
in accord With the characteristics found in mech 
anisms for translating rotary motion into recip 
rocating motion, and While the pump rod is in 
constant operative connection with and derives 
its motion from the reciprocating member 
thus providing for similar timing conditions 
the introduction of the control unit be 
tween the reciprocating member and the pump 
rod sets up possibilities of speed variations. For 
instance, in that portion of the stroke during 
Which the control unit provides the 1:1 rela 
tionship, the speeds of the reciprocating mem 
ber and the pump rod will be similar; where a 
different relationship (the 2:1 ratio, for instance) 
is present, the Speed of the pump rod will gen 
erally be less than that of the reciprocating mem 
ber, the control unit operating to valry the speed 
relation of the pump rod so as to pass from the 
reduced speed gradually to the equal speed con 
dition. 
As a result, the assemblage can have the speed 

of the pump rod-Within the end zones of recip 
rocation-equal to the safe speeds employed in 
the general practice, although the crank-arm 
Speed is materially raised, since the speed of the 
pump rod in the critical end zones remains within : 
safe limits. Hence, Within the zone of the 1:1 
ratio, the pump rod will travel at the higher speed, 
thus increasing the speed of the pump without 
affecting the safety within the end zones of recip 
rocation. 
The Second of the applications, filed July 16, 

1941, Serial No. 402,652, was developed to meet 
conditions arising through such increase of speed. 
In pumping mechanism there is more or less 
resistance to the advance of the pumping element 
due to attempts to reduce, as far as possible, leak 
age past the pump; this resistance value may vary 
due to various causes. If the pump structure is 
located remote with respect to the power source, 
the pump rod is of considerable length, and must 
generally depend upon itself to maintain its nor 
mal conditions. If the speed of the power source 
sets up an advancing Speed greater than that 
normally permitted by such resistance, it becomes 
apparent that during the down Ward stroke the 
Opposite ends of the pump rod could be subject 
to opposing pressures exerted toward each other; 
When these become of Such value as to overcome 
the normal resistance to change in the pump rod, 
the latter tends to spring or to buckle. If this 
condition does not become dissipated before the 
end of the stroke is reached, the latter change is 
made with a sprung or buckled pump rod, as a 
result of which the initial action of the return 
stroke is to first eliminate the Spring or buckle 
of the pump rod before the rod actually begins 
movement of the pumping element, thus setting 
up a delay in starting the return stroke of the 
pumping element. 

Hence, the real problems in utilizing increased 
speeds are not limited to the difficulties. Within the 
end zones-the possibility of shocks, etc.-but 
also to the possibility of setting up the Sprung 
or buckled condition of the pump rod. It might 
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3,320,259 
number of supporting bearings throughout the 
length of the rod, a difficult and expensive pro 
cedure, or by making the rod of heavier mate 
rial, thus increasing Weight, etc.; in either case, 
the change Would tend to force the pumping ele 
ment into movement at undesired speeds and 
materially increase wear of the pumping element. 
This is undesirable, and for this reason provides 
an important cause for the relatively low speed 
operation that is normally employed with instal 
lations of this type. Since the increased speed 
of the earlier structure could develop these Condi 
tions the problem was one requiring solution. 
While the temporary sprung or bluckled 

condition of the pump rod would be disadvan 
tageous in delaying the beginning of its return 
Stroke, it would provide no permanent damage to 
the pump rod structure itself, simply affecting 
the operation, due to the fact that the delay in 
beginning the return stroke would set up the need 
for beginning the return movement of the pump 
ing element from its condition of rest at a higher 
speed of the drive member and thus tend to in 
crease the possibility of shock, a condition which 
could be met by varying the speed ratio between 
the drive member and the rod through the con 
trol unit. The real difficulty would be in the fact 
that, in operation, there could be no certainty as 
to the amount of the resistance or to the rapidity: 
with which the rod could return to normal condi 
tions; hence, in practice, the length of the delay 
could vary materially as between successive 
strokes, for instance; material valriations in either 
of these could affect the operation of the pumping 
system due to lack of uniformity in timing, etc. 
The difficulties Were Solved by deliberately 

fashioning an artificial delay in the return stroke 
of the driven member Without affecting the nor 
mal operation of the drive member, with the time 
length of delay made sufficient to include the 
maximum period which could be expected to 
occur in practice, and then fashioning the con 
trol faces in Such manner as to provide the proper 
speed ratio between drive and driven members at 
the instant of pick-up of the load. With this 
solution, the pick-up of the load Would occur at 
exactly the same point in the orbit of travel of 
the crankpin, with the pick-up provided under 
Conditions of the pump rod being under rest in 
ertia conditions in all cases-thus ensuring that 
the same operating conditions Would be present. 
With each Stroke. One of the results of the Solu 
tion Was the fact that it. Would permit a change 
in the practice of the early development, in that 
it would be unnecessary to vary the relative speeds 
of drive and driven members during the period 
of approach to the Zenith and nadir points, the 
Omission of this variation permitting the ap 
proach of the driven member to be at the 1:1 
ratio that had been limited to the intermediate 
ZOne; the length of the stroke of the driven mem 
ber Would thus be correspondingly increased be 
yond that of the earlier form, With the crank 
Shaft operating at the desired increased speed 
but without developing shock conditions in the 
end Zones, since the delay would permit the driven 
member to approach at higher speed and at the 
Same time ensure dissipation of any sprung or 
buckled condition which may have developed. 
With these successive developments clearly in 

dicating the possibility of increasing operating 
Speeds of pumping mechanisms of the reciprocat 
ing type without loss of efficiency through ability 
to control the conditions within the end zones 
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of reciprocation, as well as the possibilities of 
Springing or buckling of the pump rod, the pres 
ent invention was developed with a view to fur 
ther increasing the efficiency and Speed condi 
tions. While the earlier inventions had demon 
strated that higher speeds could be utilized with 
out developing the shock conditions in the end 
ZOnes, and thus increase the number of strokes 
per unit of time, the fact that springing or buck 
ling of the pump rod could ensure under increas 
ing speeds, made it evident that although the 
Spring or buckle could be safely dealt with through 
the artificial delay conditions introduced in the 
second application, there would tend to be a limit 
to the maximum speed possible, due to the fact 
that there would be a limit to the amount of 
buckle permitted. If not too severe, the pump 
rod Would naturally dissipate the buckle, if given 
time, but under very severe buckling the rod 
would become permanently strained or even dam 
aged, and thus affect and possibly destroy the 
efficiency of the pumping mechanism. 

Hence, any attempt to increase the Speed con 
ditions would face a number of problems requir 
ing solution, due to the fact that the maximum 
speed limitation would be set by the conditions 
of buckling. The problems were basically solved 
by considering the characteristics of the power 
source-the crank-pin rotating in an orbital path. 
In translating the travel of the rotating crank 
pin into reciprocating motion, the maximum 
speed of the reciprocating member is at the hori 
zontal diameter of the orbital path (assuming the 
reciprocation to be vertical), With the Variations 
in speed relatively small within a Zone of which 
Such diameter is the Centre, With the ZOne ex 
tending for a distance of approximately 20° be 
yond such diameter before material variations 
develop, these rapidly increasing until the end 
of the stroke at which time the direction of motion 
changes; these variation developments Would tend 
to permit the buckling to dissipate, and had been 
relied upon in the operation of the prior art; 
with the maximum speed limit at the horizontal 
diameter limited by buckling possibilities, it was 
evident that any material Speed gains possible 
must be made within the portions of the stroke 
lying beyond this central zone-a condition which 
would tend to eliminate the dissipating possi 
bility referred to. 
The solution came through use of certain of the 

teachings presented through the earlier develop 
ments. Amongst these was the interposition of a 
control unit intermediate the power source and 
the pump rod, with the unit driven from the 
source in speed synchronism with the latter, while 
the unit. Would drive and control the movements 
of the pump rod; the development of an arti 
ficial delay period in beginning the return stroke 
of the driven member to permit, dissipation of 
buckling, etc., an action which would permit the 
approach to the end-zone of the stroke to be at 
higher speed-plus the ability to provide uni 
formity in timing of the load pick-up during a 
succession of strokes. 
In other words, it seened possible to increase 

the speed of approach to the end-zone of recip 
rocation, provided the maximum speed limit Was 
not exceeded at any point and thereby meet 
buckling conditions, and provided the Speed in 
the end zone of reciprocation of the pump rod and 
unit, were reduced to zero speed concurrently With 
the arrival of the unit at the end of its stroke, 
with the bucking dissipation provided by the de 
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could be met it seemed possible to provide a con 
stant speed characteristic to the power source 
and its drive, and thereby bring the portions be 
yond the central Zone IGOre nearly to the Speed 
of such central Zone, and thus decrease the 
length of time required to complete the Stroke 
and make possible an increase in the number of 
strokes per unit of time without increasing the 
maximum speed limit set by buckling. These 
were fundamental conditions of the problem re 
quiring Solution if the problem Were to be Solved. 
Attempts had been made in the prior art to 

substitute a motor-driven screw assembly for the 
rotating crank-shaft type of power source, but 
with few exceptions these made no impress on 
the art for various reasons; under Special condi 
tions, some of the remainder were utilized-as 
where the power source was located close to the 
pump so that the pump rod was short and could 
eliminate buckling through increase of Weight, 
etc., but the general commercial development has 
been along the lines of the rotating crank-shaft 
type especially where the operations are of the 
deep well type. In developing the present inven 
tion a Substitution of power source such as this 
Was utilized, with the developed structure ar 
ranged to meet the fundamental conditions re 
ferred to; this involved the solving of a number 
of subordinate problems, as evidenced by the 
detailed disclosure below. 
This invention therefore has for one of its 

objects the production of a motion transmitting 
mechanism designed to produce and control the 
operations of a reciprocating element-the pump 
l'od of a pumping mechanism being illustrative 
Of Such element-in Such manner that the ap 
proach to the end zone of reciprocation of the 
element is under Speed-reducing conditions to 
prevent shock during change in direction of the 
Stroke; the Succeeding load pick-up is under 
Speed-accelerating conditions, with the re 
mainder of the stroke having uniform speed con 
ditions to thereby pick up the load with a mini 
mum liability of shock and to then bring the ele 
ment to the normal operating speed set by a 
power Source which is operative to drive the ele 
ment at a constant Speed throughout the length 
of the stroke; and with a time-interval of definite 
length intermediate the end of stroke reciproca 
tion and the beginning of the load pick-up, to 
permit dissipation of kinetic energy, and to 
ensure constancy in length of the stroke of the 
driven element during a succession of strokes. 
A further object is the provision of a power 

Source, a reciprocating element active as a source 
of power for a Work-performing agency, and an 
intermediate control unit operatively connected 
With the Source and With the element, and opera 
tive to drive the element from the source in ac 
cordance. With the above-indicated cycie, during 
a Succession of reciprocating cycles of the ele 
Inent. 
A furtheir object is the provision of a power 

Source, a control unit, and a reciprocating ele 
ment co-related in operation to permit the power 
Source to operate at constant and uniform speed 
during and through a stroke of the reciprocating 
Cycle, Operatively connect the unit and element 
to be active concurrently, and to operatively con 
nect the unit with the power source for drive 
relation therebetween during predetermined 
periods and at uniform speed to produce a stroke 
of the reciprocation cycle of the element, and to 
then render such connection inactive for a pre 

lay in the load pick-up. If these conditions. 75 determined period preliminary to beginning the 



4. 
suceeding stroke of the reciprocating cycle, with 
the unit active to provide a variable speed rela 
tion between the unit and element during the 
beginning and ending of a stroke and a Speed 
unison relation between unit and element during 
the remainder of the stroke. 
A further object is the provision of an assen 

blage of power Source of the constant Speed type, 
control unit, and reciprocating element With the 
element driven by the power Source solely 
through the unit and With the unit operatively 
connected with the power Source to be driven 
thereby at uniform speed throughout the length 
of a stroke of the reciprocating cycle of the ele 
ment, and With the unit operatively connected 
with the element for drive relation therebetween, 
said unit including control faces and a leverage 
assembly operative to vary the speed relationship 
between unit and element during advance of the 
element from one end of the stroke to the other 
and with the speed relation variations active to 
present a 1:1. Speed ratio Within a major portion 
of the length of the stroke and a variable relation 
Within the end-zones of the stroke to provide a 
Speed-reduction condition of the element, during 
the approach to a stroke end and a speed-in 
creasing condition of the element at the begin 
ning of the Succeeding stroke. 
A further object is the provision of an assem 

blage of a power source of the uniform speed 
type, a control unit, and a reciprocating element, 
with the element driven by the power source sole 
ly through the unit, and with the unit operatively 
connected With the power source to be driven 
thereby at uniform speed, the unit being opera 
tively connected with the element to drive the 
latter throughout the length of a stroke of the 
reciprocating cycle of the element, the unit being 
rendered momentarily inactive with the power 
Source within the end zones of reciprocation of 
the element and bodily shiftable relative to both 
power source and element, during Such momen 
tary inactivity with the shift ineffective to change 
the position of the element during such inactive 
period. 

In other words, the underlying object of the in 
vention is to translate the action of a recipro 
catory drive structure which advances through 
its Stroke at a constant speed, into reciprocatory 
movement of the driven member (the pump rod, 
for instance) having the advance through its 
stroke controlled in a manner to simulate to some 
extent the actions produced through the opera 
tions of a power source of the crank-shaft type, 
doing this without affecting the constancy of 
speed of the drive member, and without affecting 
efficiency, to thereby obtain increased advantages 
as to the time-length of a stroke. For instance, 
Since the approach and the load pick-up zones 
Would presumably be of similar length in all 
stroke lengths, it Would be possible to obtain in 
creased efficiency through increase in the length 
of the stroke, since the stroke-length increase 
would be found entirely in the speed-unison Zone, 
thus increasing the speed percentage of the 
stroke; with the crank-pin type, the percentage 
remains the Same regardless of the length of the 
stroke. Other advantageous effects are set up 
as presently described. 
To these and other ends, therefore, the nature 

of Which Will be more particularly set forth as the 
invention is hereinafter described, said invention 
consists in the improved constructions and com 
binations of parts hereinafter more particularly 
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2,320,259. 
panying drawings, and more particularly pointed 
out in the appended claims. 

In the accompanying drawings, in which simi 
lar reference characters indicate similar parts in 
each of the ViewS 

Figure 1 is a diagrammatic view of an assem 
blage of power source, control unit, and recip 
rocating element, designed to accomplish these 
resultS. 

Fig. 2 is a detail diagrammatic view of portions 
of the control unit showing a modified arrange 
ment. 

Fig. 3 is a side elevation showing the arrange. 
ment employed as the power source. 

Fig. 4 is a face view of the same. 
Fig. 5 is a longitudinal sectional view of one 

of the end portions of the power source. 
Fig. 6 is a similar view of the opposite end por 

tion of Such Source. 
Figs. 7 and 8 are detail sectional views taken 

on lines 7-7 and 8-8, respectively, of Fig. 3. 
While the present invention is adapted for 

Service in other fields, it has been designed espe 
cially for use in connection with pumping mech 
anisms-Single-acting or double-acting-and 
especially those of the deep-well type. Due to the 
fact that this latter service presents the greater 
difficulties in use of all such fields, the present 
disclosure is made on the basis of such pumping 
Service to thereby illustrate the applicability 
of the invention to meet all conditions within its 
field of Service; obviously, the invention will op 
erate With equal efficiency in less onerous fields 
and Such service is contemplated herein. 
The problems involved in deep-well pumping 

Service are many; Some of them are indicated 
above-others will now be referred to. For in 
stance, if leakage in the pumping action is to be 
avoided, the pumping unit (which reciprocates) 
must necessarily peripherally fit the tubing with 
in Which it operates, thus setting up a frictional 
Component-the valve structure is remote from 
the periphery; the liquid content tends to act as 
a lubricant during the lifting stroke, but on the 
Opposite stroke this is more or less absent, with 
the result that there is a resistance tendency 
present and which tends to increase under in 
creasing Speed conditions. Again, the movable 
structure of the pumping mechanism-involving 
the pumping unit and the pump rod-provide 
a Weight factor which, in vertical reciprocation, 
acts to oppose the power during upward move 
ment, and to aid the power during downward 
movement; this npt only affects power conditions 
but is especially active in the end zones of re 
ciprocation (the instant during which the direc 
tion of Stroke changes), since, at the lower end, 
the Weight increases the inertia, to be stopped at 
the end of the down stroke, while at the upper 
end the weight aids in slowing down the ap 
proach; hence, the greater the weight of the 
pump rod, the greater are the effects produced. 
These conditions pertain to the pumping struc 

ture per se, and indicate a few of the problems 
presented when fashioning a mechanical operat 
ing mechanism for operating the pumping struc 
ture, and explains somewhat of the reasons why 
the general arrangement of power sources are 
of the type illustrated by a wind-wheel 
drive-a, rotating crank-pin operatively connect 
ed With the pump rod; in translating the rotary 
into reciprocating motion, the speed of the power 
Source remains Constant, but the translation sets 
up a maximum Speed of the pump rod at the 

described and set forth, illustrated in the accom - 75 horizontal diameter position of the crank pin and 
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decreases to zero speed at the Zenith and nadir 
positions of crank-pin travel; as a result, the 
Speed during the approach to either extreme is 
reduced at an increasing rate by the power source 
itself, and the pick-up of the load takes place 
undergradually increasing speed conditions. But 
the Speed of rotation of the crank pin is neces 
sarily limited by the need for changing the direc 
tion of stroke instantly; if the speed of approach 
is too high the active inertia will tend to continue 
and thus set up a condition of shock to the pump 
ing mechanism-hence the speed needs to be kept 
within a limit such that the change in stroke 
direction can be made without shock. Efforts 
have been made to increase the Speed by the use 
of shock absorbers, but these have not proven 
satisfactory. 
AS previously pointed out, it was this problem 

of increasing the speed of the crank-pin travel 
thus increasing the number of strokes of the 
pumping mechanism per unit of time-that led 
to the evolutionary development described above 
in connection with the two earlier inventions. It 
Was found that the speed of crank-pin travel 
could be increased, but it brought with it the 
tendency of the pump rod to buckle or spring; if 
the rod were made heavier to prevent this, the 
Weight would be increased, and, in addition, the 
pumping element Would be subjected to excessive 
Wear Since it would be forced to advance at such 
speeds as would increase the friction resistance 
effect, thus affecting the efficiency. 
Through the use of the second of the two callie 

inventions referred to it was possible to increase 
the speed of crank-pin travel without loss of ef 
ficiency, but this, in turn, presented a limiting 
factor So far as increase in number of strokes 
per unit of time-the maximum speed of advance 
of the pump rod could not be increased to an 
extent Such as would cause the pump rod to be 
permanently strained by buckling, unless by sacri 
ficing efficiency by decreasing the frictional re 
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Sistance of the pumping structure; or by in- . 
creasing Weight to decrease buckling, and there 
by rapidly increase wear. In other words, the 
conditions Surrounding pumping operations were 
such as to indicate a definite speed limit possi 
bility, even under the advantageous conditions 
Set up by a power Source of the crank-pin travel 
type of converting rotary into reciprocating mo 
tion, with its ability to vary the speed of advance 
of the pump rod by power source operation. 
While previous efforts have been made to in 

crease the speed of reciprocation of the pump rod 
by the use of a constant speed motor operatively 
connected to the pump rod by a mechanism 
utilizing the positive drive conditions of a screw 
thread connection, thus providing constant speed 
in the advance of the pump rod, the difficulties 
pointed out as having their source in the pumping 
structure, were generally not eliminated by such 
earlier structures; in fact, the probleins de 
veloped by the change in power source were 
actually increased, due to the fact that the 
change had eliminated the advantages of the 
Crank-pin Source to set up a variable speed condi 
tion of the pump rod during approach to and 
which reached Zero speed in the end Zone of re 
Ciprocation. This is apparent by considering a 
few of the many difficulties set up: 
With the change in power source referred to, 

the pump rod travels in Synchronism with the 
motor, and at the speed determined by the pitch 

45 

S 
thus at constant speed, the time required to 
traverse the length of the stroke can be decreased 
as compared with the time required by the crank 
pin Source; but this fact adds to the problems, 
due to the fact that since the pump operation is 
by reciprocation of the pumping structure, the 
end-zones of reciprocation become effective 
through the fact that within each end zone 
the pump rod must come to rest and then start 
in the opposite direction. If the rod reaches the 
point of change at the maximum speed of ad 
vance, it is evident that the sudden stoppage and 
Succeeding leversal Will provide Severe shock con 
ditions; even if the change is made, for instance, 
by an unclutching action, the conditions would 
not materially change, since the inertia of motion 
Set up during advance of the rod are present, 
and although the thread feed may end, the 
inertia, will tend to continue active, resulting 
either in shock or an overrunning effect with re 
Spect to the stroke, in which case the length of 
the stroke is not maintained uniform; again, the 
Succeeding pick-up would be had under conditions 
of having the power source attempt to start the 
rod in the reverse direction at the maximum 
Speed of advance of the pump rod and thus 
provide a severe shock; by attempting to instantly 
change from rest to maximum speed of advance 
of the pump rod; if there is no delay present in 
the period of change, the two shocks merge into 
one with largely increased power-if there is 
material delay between disconnecting and restor 
ing the connections, each shock remains as an in 
dividual and provides two momentarily spaced 
shocks at each extreme of reciprocation. If 
the change is made by unclutching and then by 
re-clutching, the conditions are not changed, 
unless a slippage of clutch condition be con 
sidered, and if this condition be made a part of 
the normal regimen the clutch structure will be 
quickly worn out. 
From this it is apparent that while the change 

in the type of power Source Will permit Constant 
advancing speed of the pump rod as Compared 
with the variable speed advance of the rod hav 
ing a power source of the crank-pin type, the 
change will practically compel the use of a pump 
rod speed materially less than that provided by 

50 
the crank-pin type, in Order to avoid the pres 
ence of the shock conditions referred to: if the 
speed of approach to the point of stroke re 

- versal must be kept down to that taught by the 
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crank-pin type in order to avoid development 
of shock, it is evident that the Speed of the con 
stant-speed power source will need to be that Set 
by this limit, since the speed of the rod is in 
constant synchronism with that of the motor. In 
other words, the conditions of shock will deter 
mine the maximum speed permitted the power 
source, and it is probable that because of these 
conditions the change could prove disadvan 
tageous as compared with the crank-shaft type 
operation, due to the fact that the maximum 
speed would depend upon the conditions in the 
end zone of reciprocation. As is apparent the 
necessary slow Speed requirements are Within the 
pumping structure portion of such assembly, in 
cluding the pump rod, and can be obtained with 
out affecting speed of the motor through the 
thread pitch formation; by increasing the num 
ber threads per unit of distance, the pump rod 
will travel a less distance per unit of time, al 
though the motor and thread speed of rotation 

of the threads-Since the pump rod advance is 75 may remain high. 
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As indicated above, the solution of the prob 

lem of Securing increased speed Was found in 
the use of a control unit between the power 
source and the pump rod, and which would re 
tain the permissible and safe speed of approach 
to the end zone by creating an artificial speed 
reduction chracteristic Superposed upon that 
provided by the power source operation, and 
provide the pick-up under similar conditions. 
When the Speed increase set up the Sprung Or 
buckled condition-the length of the pump rod 
would not permit of the large number of bear 
ings which would be necessary to prevent buck 
ling, and the excessive Weight Would prevent 
any attempt to avoid buckling by heavier pump 
rod stock-the control unit was retained but 
changed to provide for the artificial delay at the 
end of the stroke. 
The solution to the problems set up by the sub 

stitution of the constant-speed motor referred 
to, is to be found in the use of a particular form 
of power source assemblage separate from the 
pump rod and operatively connected thereto 
through a control unit, with the latter operative 
to translate the reciprocatory drive set up in the 
power source and operating at constant Speed 
throughout the stroke, to reciprocatory move 
ments of the pump rod and in which the latter 
movements develop from Zero speed to speed uni 
son with the drive and return to Zero speed dur 
ing approach to the end Zone, the movements 
between these extremes being by progressive de 
velopment of differential in speed relations be 
tween the drive and the pump rod, thus Some 
what simulating the action of the Crank-pin 
source. As a result, the approach to the end ZOne 
of reciprocation is at a reducing speed of the ele 
ment, and the succeeding pick-up of the load is 
at an increasing speed-thus providing for elim 
ination of shock conditions-and with a delay 
between the opposite strokes of the drive serv 
ing to permit dissipation of any buckling effects 
which may have developed. 
With this solution the maximum speed limit 

is not set by the shock conditions, as before, but 
by the pump-rod itself-springing or buckling 
of the pump rod due to the higher speed is per 
missible, but the speed employed is insufficient to 
cause the springing or buckling to permanently 
strain or damage the pump rod, the delay period 
permitting the rod to return to normal conditions 
naturally. In other words, the control unit arti 
ficially applies characteristics of the crank-pin 
type of operation to a power source of the con 
stant speed type, and additionally increases the 
distance traversed by the pump rod under maxi 
mum speed conditions, thus shortening the time 
length of a cycle of reciprocation of the rod, and 
thereby increasing the number of Such cycles per 
unit of time. 
The control unit completely separates the 

power source from the pump-rod-structurally 
and operatively-while making possible the driv 
ing of the pump rod by the power Source; as a 
result, it is possible to translate the constant 
speed characteristics of the power source into a 
controlled variable speed characteristic of the 
pump rod and thus simulate to some extent the 
operative conditions of the crank pin type of 
power source, but with a more accurate produc 
tion of speed variations particularly adapted for 
meeting the particular conditions within the end 
zones of reciprocation-made possible by the 
shaping of the control faces of the control unit. 
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2,320,359 
tional and important characteristic briefly re 
ferred to at this point and described in detail 
hereinafter: 
The power source unit is in the form of a 

thread and nut assemblage-motor driven-in 
which the rotation of the thread and nut rela 
tive to each other provides the reciprocating 
motion and action; the thread element is of the 
single thread type, and the arrangement is such 
that the thread and nut assemblies are brought 
into activity with the motor drive in alterna 
tion-during thread drive Operation the nut is 
held from rotation, and vice versa; the change 
in status of thread and nut is provided by a trip 
ping mechanism which produces the effect of 
concurrently shifting the thread assembly into 
power contact and shifting the nut assembly out 
of contact with the power source and into posi 
tion of restraint against rotation-these rela 
tions are maintained during a stroke length at 
the end of which the tripping mechanism shifts 
the two assemblies to reverse the conditions for 
the succeeding stroke; the motor is active only 
to rotate the thread or nut dependent upon 
which is engaged. The effect is that of causing 
the thread to screw into the nut by thread rota 
tion to produce one stroke drive, the shift then 
causing the nut to screw on the thread by rotat 
ing the nut to produce the succeeding stroke; in 
either case, the nut is caused to advance bodily 
in the direction of the thread axis, first in one 
direction and then in the opposite direction, thus 
producing the reciprocating action. 
The control unit is in the form of a leverage 

assembly which includes a pair of articulated 
leWerS, one of Which has One end operatively con 
nected with the nut assembly of the power source 
and its other end carrying a tracking roller, the 
Second lever having one end operatively con 
nected to the upper end of the pump rod with the 
Opposite end connected to the first lever within a 
mid-Zone position in the length of the latter. 
The tracking roller co-operates with either of a 
pair of control faces forming a second element 
of the control unit; as is apparent, when power 
is applied to the power end of the first lever, the 
latter can swing about the pivotal connection 
with the second lever until the tracking roll 
contacts a face, whereupon the roller becomes 
the fulcrum; the continued advance of the 
power end then causes the first lever to force 
advance of the second lever and pump rod set 
ting up the conditions of a leverage system of 
the second order. By providing a curved con 
tour to the control face within the approach Zone 
of an extreme of reciprocation, the tracking 
roller will permit swinging of the first lever on its 
mid-Zone pivot as permitted by the shift of the 
tracking roller and thus affect the drive action 
of the second lever on the pump rod; the same 
conditions are present with the control face for 
the succeeding stroke-the load pick-up zone is 
formed to provide such variations in position of 
the tracking roller. In this way the simulation 
of the crank-pin power source cycle is provided; 
the approach curvature, for instance, is such that 
as the power end of the first lever advances, the 
roller shift in position slows up the advance of 
the second lever and the pump rod until advance 
becomes Zero. It is obvious that if the control 
face then continues in a direction such that 
roller shift Will cause only a swing of the first 
lever or its equivalent, that further advance of 
the power end of the first lever will be unable to 

But the combination makes possible an addi- 75 advance the pump rod further-the additional 
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shift Will thus set up the conditions of a no 
ratio zone of the control face, since there is then 
notangible ratio between the speeds of the drive 
and driven elements. The control face has this 
arrangement. 
By this arrangement it can be understood that 

Should there be overrunning or other effects set 
up in the thread and nut Zone, the condition will 
not be carried into pump rod operations, so that 
the end of the approach to an extreme of recipro 
cation of the pump rod will leave the upper end 
of the rod in the same position in successive 
cycles. Should overrunning in the end zone take 
place, it does not affect the pick-up action since 
the Succeeding reversal in power drive by the 
tripping mechanism will first cause the leverage 
to re-track the overrun zone, followed by the 
pick-up action; hence, the stroke of the upper 
end of the pump rod will be constant in length. 

However, the possible presence of sprung or 
buckled conditions in the pump rod may vary the 
stroke of the pumping structure from that of the 
l!pper end of the pump rod; while the curvature 
of the control face in the approach zone will rap 
idly reduce the advancing speed of the pump rod 
in this zone and thus permit of dissipation of 
buckling while traversing this zone, it is possible 
that complete dissipation might not take place 
by the time the upper end of the pump rod 
reaches the end of its stroke; in such case the 
a.dditional dissipation will take place during the 
Succeeding delay period. In either case, the 
stroke of the pumping structure will always be 
Constant in length, since any shortening in length 
Set up by buckling is restored to normal by dis 
sipation of the buckle. In other words, the con 
trol face, plus the delay period, will insure uni 
formity of stroke length of the pump rod even in 
presence of overrunning in the thread Zone, 
The control unit is formed with individual con 

trol faces for each of the opposite strokes of the 
reciprocating cycle, and, similarly to the action 
in the approach zone referred to above, the zone 
presenting the beginning of the succeeding stroke 
is arranged to simulate the conditions of the 
crank-pin type of power source, in that provision 
is mage for a gradual acceleration of speed from 
Zero to the maximum speed status. This is pro 
Vided by the curvature of the control face in this 
Zone, following somewhat the characteristics of 
the similar zone of the second application, above 
identified. However, the curvature employed 
differs somewhat from that of such companion 
application, due to the fact that the latter has 
the crank-pin type of power source-with the 
latter normally presenting such accelerating 
characteristic, while the present invention ulti 
lizes a constant speed form of power source; 
while the companion application also provides 
for a delay characteristic and thus provides the 
pick-up under Speed conditions, the change in 
type of power Source provides a material differ 
ence in drive Speed conditions at the instant of 
pick-up, and therefore the curvature of the pres 
ent invention presents a much greater ratio rela 
tion between the pump rod speed and that of the 
power source at the beginning of the stroke 
it may reach, for instance, a ratio of 20:1, de 
pending upon the normal Speed of the power 
Source as represented by the travel of the nut 
axially of the thread zone. While clutch slip 
page would permit a pick-up action Without un 
due shock, it is preferred to meet the conditions 
by the form of this zone of the control face in 
order to retain slippage needs to a minimum, 
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7 
since material slippage can lead to rapid wear of 
the clutching surfaces-especially where the trip 
nechanism has a fixed stroke-thus increasing 
the Slippage condition and rendering the assem 
blage uncertain in action; in the present inven 
tion the stroke length of the tripping mechanism 
is automatically variable, thus retaining the 
clutching faces active in presence of wear-the 
control face can thus increase the life of the 
clutch by retaining Wear to the minimum. 
An aSSemblage such as this is illustrated dia 

grammatically in Figures 1 and 2, in which Ain 
dicates the power source and B the control unit, 
C indicating the pump rod extending downward 
through the usual tubing c to the pumping struc 
ture, not shown. The details of the power source 
are not shown in these views, the latter simply 
showing a drive element-a, Sprocket wheel a, for 
instance-having a drive connection with a motor 
M; a projection d', which is carried by the nut 
unit, and which moves longitudinally of the pow 
er Source by the motor operation, is shown con 
nected with a carrier D through a connection d; 
the carrier D is of desired length and is adapted 
to travel lengthwise of a suitable frame structure 
E which is preferably axially alined with the tube 
C, the frame structure having a pair of opposed 
parallel faces e co-operating with carrier D, 
the latter carrying suitable roller bearings to 
provide free travel of the carrier. 
The upper end of the pump rod is carried by 

a carrier F, of similar type to carrier ID but lo 
cated therebelow and also designed to traverse 
the faces or walls e. The faces e thus provide a 
track along which the carriers D and F can travel 
in a fixed path, the carrier D travelling under the 
action of connection d as the projection a trav 
erses its path in the power source. Carrier F is 
driven from carrier D through a leverage assen 
blage of the control unit and which will now be 
described. 
G indicates a level of suitable length, contour 

and arrangement, and which has its upper end 
Secured pivotally to carrier D-the pivotal axis 
is preferably alined with the axis of the pivotal 
connection of connector d with carrier D; the 
Opposite end of lever G carries a tracking roller 
g. A lever H extends from the carrier F to an 
intermediate point on lever G, the connections 
being pivotal at both ends of lever H, with the 
connection with carrier F preferably having the 
axis of pivoting allined with the axis of the con 
nection of the pump rod C with carrier F. 

J and K represent a pair of control faces 
carried by a Suitable structural assembly not 
shown. These faces are preferably-but not nec 
essarily-substantial duplicates, but arranged 
in reverse relation: each face controls one of the 
Strokes of the pump red, face J controlling the 
down Stroke and face is the up-stroke; with the 
faces generally similar in contour in the direc 
tion of Stroke advance, the two strokes Will have 
Similar Speed and timing characteristics-a re 
Sult especially useful where the pumping struc 
ture is of the double-acting type. 

Each control face includes a zone (i, k.) which 
extends in parallelism with the path of travel of 
carriers D and F, this zone being intermediate 
two Zones of suitable curvature, the zones i, kc', 
being at the approach end of the stroke, while 
Zones i, k2, are at the pick-up or stroke-begin 
Ining end of the stroke; zones i' and c2 are at the 
Same end of the control unit assembly and are 
in direct opposition, as indicated. The contour 
of these two Zones of a face will be arranged to 
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meet the particular conditions of the installation, 
but it is preferred that zones i2, k2, be of greater 
angular length than the angular length of Zones 
i’, (c, since it is desired that the rate of speed 
acceleration on the pick-up be lower than the 
rate of speed reduction provided during the ap 
proach. 
To indicate the operation of the asserably as 

thus far described, it is apparent that when 
power is applied to carrier D to advance it in 
the desired direction, pressure will also be ap 
plied to the upper end of lever G; if roller g is 
Out of contact with a Zone of the control face at 
Such time, the advance of the carrier will tend 
to move lever G about axis I, since no resistance 
would be present, against such pivotal movement 
of this lever, while carrier F would have the 
resistance set up by the pump structure; at 
Such time the leverage would be acting as a lever 
of the first Crder. However, the instant roller 
g contacts the face that is active during the 
stroke, the conditions change, since roller g 
then prevents rotation of lever G on axis h; 
hence, lever G then begins bodily movement in 
the direction of advance of the stroke, thus ad 
Vancing axis fa. Where the contact of roller g 
is with Zone i, for instance, both ends of lever 
G Will travel in exactly parallel paths, forcing 
axis h to travel in a path parallel thereto; since 
lever H is mounted on axis h, and the opposite 
end of leber H is connected to carrier F at axis 
h'-With carrier F travelling in a constant linear 
path-it can be understood that during such 
period carrier F is being driven from carrier D 
through the leverage assembly, and at the same 
Speed of advance as carrier D. This speed ratio 
Will be present in all portions of the face con 
tour which extend in parallelism with the path 
of travel of the carriers D and F. 
When, however, the control face Contour 

Varies from this parallelism the conditions 
change. For instance, assume the roller reaches 
ZOne i' which presents a curvature. As the be 
ginning of the curvature is reached, the roller Will 
no longer contact the face unless lever G is 
rocked to again bring the roller into contact With 
the face; during the rocking period carrier D 
would continue its advance, but carrier F would 
not advance until the roller again contacted 
the face, so that during the rocking period carrier 
D would advance relative to carrier F; hence 
during this period there would be relative move 
ment between the power source and the pump 
rod. Such explanation, however, is theoretical 
only, since, in fact, the continued advance of 
carrier D provides a constant power on the up 
per end of lever G, and when roller g reaches the 
Curve d' the power source causes the roller to 
hunt the face through the pseudo rocking action, 
during which period the length of movement of 
carrier F becomes less than that of carrier D, the 
continuous curve producing this development 
throughout the length of the zone, with the dif 
ferential in Speed between the carriers con 
stantly increasing through the decreasing speed 
of carrier F until the point is reached when 
carrier F will no longer be driven by the advance 
of carrier D, thus providing the end of the pump 
rod stroke. 
A generally similar action takes place in con 

nection. With Zone i2, but under different condi 
tions and with different results. While Zone i' 
is located SO that the parts are at maximum speed 
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i2 is the reverse-here carrier F is at zero speed 
and the differential in speed is substantially 
maximum as between carriers D and F, So that 
the initial advance of Carlier D through an in 
crement of distance will provide but a slight ad 
vance of carrier F. As carrier id continues to 
advance, the curvature of the Zone forces the 
roller to shift inward during the advance, thus 
causing lever G to theoretically rock in the op 
posite directio; froin that described above, with 
the result that axis P. is not only moved during 
the rocking, but moves with increasing speed, 
Setting up conditions of a levelage of the Second 
Order. With the continuous cuivature of the 
Zone face, the action accumulates until the face 
of zone i2 merges into that of zone i; during 
this period the differential in speed between car 
Jriel's D and F decreases from maximum to zero, 
due to the acceleration of the speed of carrier F 
With respect to the constant speed of carrier D. 

Obviously, the curvatures of the several zones 
will be arranged to meet the characteristics of 
the particular installation. It has been found, 
however, that the rate of change in the speed 
differentials between the carriers can be materi 
ally higher in connaction with Zone i' than with 
Zone i2 (and the corresponding zones of face K), 
So that in arranging the contours, this general 
relation would be preserved. 
Thus far in the description of the faces refer 

ence has been had only to zones found within. 
the actual length of stroke of the pump rod. For 
Several reaSons, Some of which have been referred 
to above, and one of which is inherent in the 
pOWei Source, as presently explained, it is de 
Sirable that provision be made for movement of 
Carlier D after cairier F has reached the end of 
its stroke and without affecting the position of 
Carrier F. This is provided by placing as the 
end Zones of the two faces, a short face i3, c3, 
extending at Such angle that roller g will present 
no resistance to the rocking action of lever G 
On continued advance of carrier D-the advance 
of the carrier will simply cause lever H to move 
On its axis j', so that lever G can continue to 
move but without providing any pressure on 
carrier F. This added face is needed only with 
respect to tie approach zone of the end of a 
Stroke, but inasmuch as this distance must be 
retraced at the beginning of the succeeding 
Stroke, the opposing face k3 is provided; this 
added Zone is present at both ends of each face. 
Figure 2 presents a modification designed to 

meet the conditions of very high speeds or of 
very heavy loads. The approach zone j', ic', re 
mains as before, as do the added zones, but zones 
d2, k2, are modified by presenting a short en 
trance Zone, indicated at k5, as the entrance into 
Zone k2. The curvature of zone c5 is such as to 
set up an initial high ratio of speed differential 
between the carriers (it may reach 20: 1) to thus 
increase the power value of carrier D to begin 
the pick-up, the ratio decreasing rapidly until the 
normal ratio conditions of zone c2 are reached, 
after which the action is as before. It is appar 
ent that regardless of the extent to which roller g 
Will have passed into the throat between faces 
i3 and k3, the succeeding activity of carrier D 
in the Opposite direction will shift roller g into 
position with the opposite face without affecting 
the position of carrier F, until the roller begins 
to traverse Zone k5 to begin movement of Cat 
rier F as is apparent, this movement of carrier 

at the entrance to the Zone, the entrance to zone 75 D in advance of carrier F will also rock lever G 
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on axis h and shift roller g from contact with 
face i3 into contact with face k3, these faces be 
ing Spaced a greater distance than the diameter 
of rollerg to permit free movement of the roller 
into and out of this no-ratio zone. 

: Briefly, therefore, the action within either end 
ZOne of reciprocation is as follows: Using the 
lower end Zone to illustrate, the two carriers will 
travel at the 1: 1 speed ratio while rollerg tra 
Verses Zone i. As the roller passes on to the 
curvature of Zone d', the Speed of advance of car 
rier D remains as before, but the speed of -ad 
Vance of carrier F is reduced -at a progressive 
rate until it reaches zero speed as the end of Zone 
i' is reached. AS presently explained, the power 
Source is formed with a tripping mechanism 
which is assumed to break the drive connection 
from the motor to the thread element at this 
instant and by a bodily advance of the thread 
and nut for a distance Sufficient to establish 
drive relation with the nut assembly-a, move 
ment in the same direction as before and which 
may, in practice, amount for example to a dis 
tance of one-fourth inch; this additional move 
ment is independent of the motor drive and is 
produced by the tripping mechanism, and takes 
place when carrier F has reached its zero speed 
position. Since this additional movement 'in 
cludes that of the nut unit, carrier D is advanced 
this additional distance as a part of the normal : 
operation. 
During this additional movement of carrier D, 

lever G moves roller g into the no-ratio zone i3 
a slight distance without affecting the position 
of carrier F. When the tripping operation is 
completed, the nuit assembly becomes - operative 
With the motor drive to advance the nut in the 
opposite direction, thus reversing the stroke of 
carrier D. This advance of carrier D in the top 
posite direction draws on lever G-with the lever 
H swinging on axis h" as long as rolerg is with 
in the no-ratio zone-and the rocking of lever 'G 
swings the roller into contact with face k3 and 
moves the roller over this face, without affecting 
carrier F, until the roller reaches the beginning of 
zone k2-or Zone k5 in Fig. 2-whereupon the 
leverage becomes stable and the movement of 
carrier D becomes active to advance carrier F 
from its zero Speed position and at a progressive 
ly-increasing rate from Zero speed until zone k 
is reached by the roller, whereupon the two "car 
iriers Will travel at equal Speeds. 
The difficulties of extreme accuracy in the tim 

ing of the tripping mechanism is apparent; how 
ever, as long as the tripping does not take place 
prior to rollerg reaching the end of zone d', any 
tripping delay simply causes rollerg to continue 
to move along the no-ratio zone i3 without affect 
ing carrier F until the tripping is completed; 
should tripping take place in advance of roller 
g reaching the end of Zone d', carrier F would 
not have reached the end of its stroke-the-pow 
er of the tripping mechanism is not sufficient to 
enable the tripping mechanism to complete the 
Stroke which would be required under such con 
ditions. Hence, any delay in tripping is ineffec 
tive to change the operation other than to slight 
ly increase the time value of the delay between 
strokes of the pump rod, due to the need for addi 
tional travel of rollerg to reach the beginning of 
zone k2 (Or k5); overrunning of the power source 
from other causes Would have a similar effect. 
The control face arrangement is generally 

similar to that disclosed in the companion appli 
cation, Serial No. 402,652, in which the power 
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source is of the crank-pin type; the earlier con 
trol face distinguishes from the present control 
face through the fact that Zones j, k, extend 
through the approach Zone (thus omitting pres 
eit Zones j k'); Zones d2, k2, are of less extent 
than the present form, and Zones i3, k3, are 
omitted. These distinctions are made possible 
through the fact that with the crank pin type the 
normal cycle of the type provides a speed de 
crease toward and into the approach Zone and 
a Speed increase characteristic during the de 
velopment of the return stroke, the control faces 
acting to augment these values. In the present 
type the power source is of constant and uni 
form. Speed characteristic, and hence the control 
face must additionally provide the speed varia 
tions which are produced under the normal cycle 
of the crank-pin type. 
As is apparent, carrier D controls the speed 

and general timing while carrier F controls the 
length of stroke of the pump rod, the leverage 
which connects the two carriers serving to apply 
Speed and timing characteristics to carrier F as 
controlled by the control faces; hence, the latter 
are of essential value in the operation of the as 
semblage. In addition, however, one additional 
factor is present-pumping structures, per 'se 
have a definite stroke length, and with the pump 
casing permanently positioned the beginning 
and ending of the stroke. must be uniformly the 
Same in Successive strokes, Since the ending of 
one stroke provides the point where the succeed 
iing-stroke begins; if successive strokes be of un 
equal length, the shorter stroke Would not -ad 
vance the pump to the desired point and the suc 
ceeding longer stroke Would then carry the pump 
beyond the succeeding desired point, and thus 
cause a "creeping' effect of the pump which is 
undesirable. 

Hence, in arranging the . control faces, certain 
conditions must be considered, due to the above. 
As pointed out, the zones j, k, set up the 1:1 speed 
ratio during which both carriers travel equal 
distances at equal speeds; in zonesi', i2, k" and 
k2, however, the two carriers travel at differen 
tial Speeds and therefore for different distances, 
carrier F traversing the shorter distance. Obvi 
ously, therefore, to prevent the “creeping' ac 
tion referred to, the contours of the two faces.J. 
and K should be arranged so that the complete 
Stroke of carrier F should be of similar length in 
both strokes. This can be obtained by employ 
ing the same contour characteristics with both 
faces, so that the latter would be duplicates in 
the direction of advance of roller g; this, how 
ever, While preferred, is not compulsory, since 
it is apparent that variations are permissible pro 
Wided the resultant effect does not disturb the 
stroke length of carrier F; an increase in length 
of Zone ic, for instance, should be compehsated by 
increasing the curvature of zones ic' or k2, or 
both, to Shorten the stroke of carrier F through 
the Zone to an extent similar to the gain set up 
by the increase in zone k. 
The detailed structure of the control unit is not 

disclosed herein, since it may be of varied struc 
tural forms. Typical forms are disclosed in the 
two earlier disclosures above identified, and oth 
ers are more or less obvious, it being necessary to 
include the features above pointed out. And 
while the unit is shown as located at one side of 
the axis of reciprocation of the two carriers, it is 
apparent that, as with the earlier forms, the unit 
may be of the balanced type by locating a leverage 
assembly and control faces on the opposite side 
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of such axis with the parts arranged symmetrical 
to those shown and connected with carriers) and 
F. And it is obvious that the curvatures and 
ranges of Zone faces i', i2, k' and c2, are to be 
considered as illustrative, and that the detail 
values of these will be determined by the particu 
lar Service Which the pumping System is to pro 
Wide, 
The specific structure of the carriers D and F 

and the Way E are illustrative only of various ar 
rangements Which may be employed. Way E is 
designed to set up the characteristics of a path of 
travel for the carriers such as will provide for 
controlled reciprocation, the carriers having roller 
bearings adapted to contact faces e to ensure that 
the carriers travel in a true reciprocatory path, 
thus not only ensuring proper operation of the 
leverage assemblies, but assuring that the upper 
end of the pump rod will have a similar movement 
during its strokes-the lower end of the pump rod 
is controlled in similar manner by the pumping 
structure, not shown. The presumed length of 
the pump rod is such that it could not be con 
pletely equipped with roller bearings to prevent 
buckling-in fact, buckling is permissible With 
the present invention, as long as it does not pro 
duce a permanent strain to the rod. 
The dimensions of parts in Figs, 1 and 2 are 

illustrative only. It will be apparent that the 
length of way E will be sufficient to permit car 
riers D and F to travel throughout the full strokes 
of the power Source and of the pump rod; since 
carrier D travels at equal speed With projection 
a'--the latter travelling the full stroke of the 
power. Source-it is obvious that the length of the 
way E Will be sufficiently greater than the stroke 
of the power source as to permit the proper oper 
ation of the carrier F. Without interference be 
tween carriers. Likewise, the length of faces J 
and K will be sufficient to provide for the full 
length of travel of carrier D with the no-ratio 
zones at opposite ends of a face properly Spaced in 
accord. With the full stroke of carrier F; the dis 
tance between faces J and K will depend more or 
less upon the form and dimensions of the lever 
age assembly and the selected ratios of the Zones 
of the faces-the distance, however, is sufficiently 
greater than the diameter of roller g to ensure 
that the latter Will not contact both faces concur 
rently throughout the length of travel of the 
roller. 
The remaining views present the details of the 

power source, omitting the motor M shown in 
Fig. 1. The views show the positions of parts in 
one of the positions aSSumed during Operation, 
the remaining positions being apparent from the 
description. However, before presenting a detail 
description of the Specific arrangement shown, a 
brief explanation will be made of the underlying 
characteristics. 
The structure presents a power assemblage 

which is constantly driven; a thread aSSembly 
which is brought into operative relation with the 
power assembly when providing the stroke in one 
direction, and is held inactive against rotation 
during the stroke in the opposite direction; a nut 
assembly which is active with the power assembly 
when the thread assembly is inactive with the 
power assembly, and is itself inactive with the 
power assembly when the thread assembly is ac 
tive with the power assembly; and a tripping 
mechanism which operates the thread and nut 
asemblies to shift them between activity and in 
activity with the power assembly, and being made 
active in the end zones of reciprocation. 
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The thread assembly presents a thread zone of 

the single threadtype, with the nut assembly car 
rying a unit having a constant tooth engagement 
with the thread Zone and which travels length 
Wise of the thread axis to produce the opposite 
strokes of the cycle of reciprocation. In practice, 
the thread rotates while the nut remains held 
against rotation, thus causing the nut to be bodily 
advanced by the thread to produce the develop 
ment of one stroke of the cycle; at the end of the 
Stroke, activity of the tripping mechanism "con 
currently shifts the thread assembly bodily out of 
engagement With its power Source and into held 
position, and a portion of the nut assembly into 
engagement with its power source--the nut trav 
els with the thread assembly during the shift 
thereby causing the nut to rotate on the station 
alry thread and move the nut through the oppo 
site stroke, Whereupon the tripping mechanism 
again operates to restore the parts for the new 
Cycle of reciprocation. The arrangement is such 
that the length of shift movement is short 
about one-fourth inch, in practice; and since the 
nut has its longitudinal travel within the length 
of the thread Zone, the combined assemblage is 
not of excessive dimensions. 

Referring to Figures 3 and 4, which show the 
structure in side and face elevation, respectively, 
20 indicates a frame structure which carries the 
various parts; the housing is omitted since this 
acts simply to house the structure, provision being 
made for the passage of the shaft leading from 
gear at and for the passage and movement of the 
Connections d leading from projections a to car 
rier D. Either end of the structure can be located 
at the top, but for uniformity in disclosure, the 
parts are shown with the relationships indicated 
in Fig. 1, With gear a. at the top. 
Gear d is driven from motor M. (Fig. 1) and is 

carried by a tubular shaft 2, mounted for rota 
tion in one end of frame 20, a collar 22 serving 
to properly locate the shaft against endwise 
movement (Fig. 5). Shaft 2? extends downward 
for a Suitable distance and carries at its lower end 
the hub of a member 23 forming one of the mem 
bers of the driving clutch assembly for the thread 
asSembly; the hub of member 23 is pinned or oth 
erwise Secured to shaft 2 f, so that rotation of the 
shaft rotates the member. A second member 24 
forming one of the members of the driving clutch 
assembly for the nut assembly-is axially alined 
With but Spaced from member 23, and is opera 
tively connected with member 23, to rotate there 
With, by Suitable bridging connections 25 located 
external of the path of travel of the clutching 
faces of members 23 and 24, such clutching faces 
being located on the lower side of the members. 
The lower end of shaft 2 terminates in member 
23, member 24 having no shaft mounting, being 
rigidly conected to and supported by member 23 
by the connections 25. Between member 23 and 
collar 22, shaft 2 carries a succession of members 
including a roller bearing 26 positioned in the 
Vicinity of the upper end of the hub of member 
23, a collar secured on the shaft, together with 
suitable Spacers at opposite ends of the bearing, 
Serving to position the bearing. Bearing 26-as 
Well as other bearings presently described-are 
designed to anchor the structure to the housing, 
suitable brackets, not shown, surrounding the 
Outer member of the bearing and extending to 
the housing, the brackets being of any preferred 
SEure arranged to meet the particular instal 
at:10 

The structure thus described forms the power 
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assembly of the complete structure, and since 
the notor M is of the constant Speed type, shaft 
21 and members 23 and 24 will be constantlyro 
tated at the proper uniform speed determined by 
the speed of the motor and its connections with 
gear C. 
The thread assembly is formed of a number of 

elements co-related for operation, with a long rod 
27 as a primary member of the assembly. Rod 
27 extends nearly the entire length of the struc 
ture, its upper end extending within and loosely 
fitting the internal wall of shaft 2, while its 
lower end extends into a bushing 29 carried at 
the lower end of frame 20, the axes of shaft 2 
and of the rod being in alinement throughout the 
length of the structure. 
At a point spaced from the upper end of rod 

27 the latter carries a member 28 which forms the 
complemental clutch member to member 23, the 
hub of member 28 being secured to the rod, as by 
pinning, for instance; the clutch face of member 
28 faces upward to co-operate with the clutch 
face of member 23. Spaced from the lower end 
of rod 2 is a second member 30, pinned or other 
wise secured on the rod, this member, similar to 
member 28, being a clutch member, but designed 
to co-operate with a stationary clutch brake 
member 3 secured to and Supported by frame 20, 
members 3 and 3 forming a clutch assembly in 
which one of the members 3 is immovable, so 
that when the members are in engagement, the 
clutch acts as a brake to restrain rod 27 against 
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rotation. Members 28 and 30 are spaced apart 
a distance sufficiently less than the distance be 
tween members 23 and 3f, to ensure that there 
can be no concurrent activity of both clutches 
in practice this difference in distance is substan 
tially equal to the spacing between the mem 
bers of a clutch in inactive position is about one 
fourth inch. Hence, when member 28 is actively 
engaging member 23, rod 2 is completely free to 
rotate and will be driven from shaft 2 through 
member 23; when the rod is shifted longi 
tudinally to bring member 30 into engagement 
with member 3, the drive connection With men 
ber 23 Will be broken and the rod Will be braked 
against rotation through clutch contact of mem 
bers 30 and 3. 
Rod 2 carries, a single-thread thread ZOne 32, 

this zone beginning at a point a short distance 
below member 24 and extending lengthWise of 
the rod a distance such as to exceed to Some 
extent the length of either stroke of the recipro 
cating cycle; this will permit the stroke to be ob 
tained by travel of the nut wholly within the 
thread zone and tend to prevent disengagement 
of the nut from the thread in either extreme. 
The thread zone is preferably of a diameter 
greater than that of the remainder of the rod. 
Other characteristics of the rod Will be referred 
to presently. 
The nut assembly is also formed of a number 

of elements so arranged as to produce certain 
activities. One of these elements is a hollow 
sleeve 33 of a length somewhat greater than the 
length of either stroke of the reciprocating cycle 
and of the thread zone; it is of materially greater 
internal diameter than the thread Zone of the 
rod 27, overlies such Zone, and extends co-axial 
therewith with a material spacing between the 
threads and the internal wall of the sleeve. The 
upper end of the sleeve is provided with an an 
nular member 34, pinned to the sleeve, and form 
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complete a clutch relation between members. 24 
and 34 when the clutch faces are brought into 
engagement. As With the thread assembly, sleeve 
33 also carries a second member 35 adjacent to 
and Spaced from its lower end, member 35 being 
adapted to cooperate with a stationary member 
36-secured to and supported by frame 20-to 
provide a clutch brake, assembly for the sleeve. 
AS. With the thread assembly, the distance be 
tWeen members 34 and 35 is slightly less than 
that between members 24 and 36-approximately 
one-fourth inch, in practice-to ensure against 
concurrent action of the two clutch zones; the 
Spacing distance between the two members of 
each of the four clutch assemblies is made equal, 
since the tripping structure is preferably, but not 
necessarily, designed to provide equal lengths of 
movement of the thread and nut assemblies in 
moving between engagement with the power as 
Sembly and engagement with the brake. 
AS indicated in the drawings, when one of the 

assemblies is operatively engaged with the power 
assembly or unit, the other assembly is en 
gaging the Stationary clutching member, the as 
Sembly Operatively engaging the power being ro 
tated by the latter while the other assembly is 
braked against rotation; at the end of the stroke 
both assemblies are shifted concurrently to shift 
power activity to the previously-braked assembly, 
and to brake the previously-rotating assembly. 
With both braking stations at the same end, it 
is apparent that the concurrent shift is in reverse 
directions. In the drawings, the thread assem 
bly is shown as the actively-rotating assembly, 
the sleeve being shown as in its braked position. 

Sleeve 33 is shown as slotted longitudinally as 
at 33a on diametrically-opposite sides, the slots 
Overlying the thread Zone 32 and being of Sufi 
cient length to ensure accessibility of the entire 
length of thread zone through the slots in each 
position of the assemblies. The slots are de 
Signed to permit access of tooth or thread zones 
of the nut unit to the threads of the thread zone, 
the nut unit being carried by and being other 
Wise external of the sleeve. - 
The nut unit is an assemblage of a plurality of 

members as shown more particularly in Figs. 
5 and 9, and is the structure which travels bodily 
lengthwise of the sleeve during the stroke devel 
opment. The unit is formed of an annular casing 
31 which receives the nut segments, the casing 
including a flange 37a which forms a seat for 
an annular element 38 which is held in position 
by a nut 37b threaded to the outer end of the 
flange 3d, element 38 being otherwise free on 
the flange. Casing 37 is of two-part formation 
to permit ready assemblage and is formed with 
an annular recess which receives the segments 
which make up the active nut formation which 
co-operates with the thread zone 32. This nut 
formation may be constructed in various ways, a 
simple arrangement being illustrated in Fig. 9, 
in which half segments 39 of complemental con 
tours are shown as fitting the interior of the cas 
ing, each segment carrying an inwardly-extend 
ing tooth 39a of a length to extend through slot 
33a and into contacting engagement with thread 
Zone 32, the inner end face of the tooth being 
fashioned to ride within and coact with the 
threads of the thread zone. 
The nut unit is thus in threaded engagement 

with the thread zone, the opposing teeth 39a pro 
ing a complemental member to member 24 to 5 yiding a positive, operative threading relation 
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between the unit and the thread Zone. If, as 
shown, the thread assembly is being rotated, with 
the sleeve stationary, the unit will travel bodily 
downward on the sleeve; if the sleeve is being 
rotated and the thread assembly stationary, the 
unit. Will rotate With the sleeve and be caused 
to travel bodily upward on the sleeve. In other 
words, the nut unit-with the exception of ele 
ment 38-will partake of the status of the sleeve, 
as to rotation or non-rotation, but will move 
bodily relative and longitudinally of the sleeve; 
element 38, being free on its supporting flange, 
need not rotate with the sleeve, but being locked 
to casing 37 by nut 37b, travels with the unit 
longitudinally of the sleeve. 
Element 38 carries, at diametrically-opposite 

sides, a pair of structures which include the pro 
jections a '. Each structure, designated 40, may 
have any preferred contour such as will enable 
free travel longitudinally of the combined as 
semblage without interference with the frame, 
and has its outer end formed as a trunnion to 
receive one of the connections d which lead to 
carrier ID. In an inner zone of the structure 40 
is formed a reduced portion 4.0a-and which may 
have an external roller casing, if preferred 
which co-operates with a member 4f of the trip 
ping mechanism as presently explained. 
The nut unit, through element 38, thus not 

only becomes the active source of power for mov 
ing carrier D at the speed provided by the longi 
tudinal travel of the nut unit on the sleeve, but 
is active in control of the timing of the tripping 
mechanism, the latter developing its tripping 
action within the approach Zones by the travel : 
of the nut unit as it approaches the end of the 
stroke, the tripping mechanism, at a predeter 
mined point, subjecting both the thread and nut 
assemblies to the shifting action, to begin the 
movement of the nut unit in the opposite direc 
tion. As is apparent, the engagement of the 
tooth Zone of the nut unit with the threads of 
the thread zone will cause the nut unit to move 
bodily on and longitudinally of the sleeve when 
ever the thread assembly is shifted between its 
power-driven and braked positions. During this 
period of shift roller g is in the no-ratio zone of 
the control unit. With carrier F not Subject to the 
power applied from carrier D which is also ad 
vanced by the shift. Since the sleeve. is being 
moved in the opposite direction at this time, and 
not rotating, the nut unit and thread assembly 
move bodily as a unit; at all other times, the 
unit and thread assemblies move relative to each 
other. And inasmuch as carrier F is rendered 
inactive as a resistance during this shifting 
period through the action of the control unit, it 
is apparent that the power required to make this 
shift is comparatively Small, since the movable 
elements are carrier D, lever G, and the thread 
and nut assemblies, With the length of the move 
ment approximating one-fourth inch. 
The tripping mechanism, located in the lower 

end zone of the combined assemblage-mainly 
between members 36 and 3-is made up of a 
plurality of elements co-related in operation to 
provide a generally similar action within the 
end zones of reciprocation, and remaining idle 
during the remainder of the stroke. As the ap 
proach Zone is reached, with roller g active with 
zone i' or k', member 4 begins to develop move 
ments of elements of the mechanism to advance 
these into a definite relationship with each other 
and to an auxiliary element; in doing this power 
is being slowly developed-springs are shown as 
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illustrative of such power-until, at a predeter 
mined instant, and when the elements are prop 
erly related to each other and to the thread and 
nut assemblies, the power is suddenly made ac 
tive to rapidly shift the thread and nut assem 
blies to their respective opposite positions, thus 
shifting the power source drive from one assen 
bly to the other and changing the direction of 
the stroke; the length of the shift is Small-the 
one-fourth inch previously referred to. The shift 
moves the thread and nut bodily, as a unit, 
through this distance, and in the same direction 
as the nut had been travelling during the stroke, 
and because of this carrier D is also moved in 
the same direction, advancing the leverage sys 
tem with respect to the control face but without 
affecting the position of carrier F, as heretofore 
pointed out. The arrangement and timing is 
such that the sudden application of the spring 
power takes place as roller g reaches the exit 
end of Zone face d' or k' (or slightly beyond such 
exit end), so that this bodily shifting movement 
serves to advance roller g within the no-ratio 
zone of the control face, and thus without affect 
ing the position of carrier F; the spring power 
application does not take place prior to the pre 
determined period-thus avoiding any require 
ment of this power to also move carrier F, the 
pump rod and the pumping structure; should 
there be a delay in the tripping at such predeter 
mined moment, the only effect will be an over 
running characteristic in the travel of the nut 
beyond the point where the shift is to take place, 
and since roller g is within the no-ratio zone of 
the control face, the overrunning is ineffective 
to change the position of carrier F from its pre 
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determined position at the end of the stroke 
the only effect present is an increase in the length 
of time before carrier F begins its return stroke 
(the period referred to above as the “delay' pe 
riod during which any buckling effect present 
may be dissipated), the time increase being due 
to the fact that roller g will have travelled a 
greater distance within the no-ratio zone during 
the over-running and is required to retrace this 
distance by the travel of carrier D after the shift 
has been completed. . 

Referring to the detailed structure of the trip 
ping mechanism, 42, 42, indicates a pair of par 
allel arms mounted on a suitable pivot structure 
43 carried by a portion of frame 20-see Fig. 7; 
the pivot structure may be of any desired type, 
that shown presenting a bolt with spacing collars 
thereon. 
The inner ends of arms 42 are each mounted 

on trunnions 44, 44, carried by a member 45 
loosely mounted on a sleeve 46 itself loose on rod 
27 and having one end threaded within a con 
hector 48 that is threaded to the lower end of 
sleeve 33 (Fig. 6); member 45 is held against lon 
gitudinal movement on sleeve 66 by a collar 49 
pinned to such sleeve, suitable means, such as a 
spacer and roller bearing 50-interposed between 
member 45 and the end of connector 48-serving 
to fixedly position member 45 relative to sleeve 
33. Obviously, if arms 42 are concurrently 
rocked on pivot 43, member 45 will be shifted 
bodily on and in the direction of length of rod 27, 
the direction of shift depending upon the direc 
tion in which the arms are rocked; shift of mem 
ber 45 will obviously. shift sleeve 33 through the 
connections indicated. 
The outer ends of arms 42 are connected by a 

Suitable element 5, shown as made up of an 
elongated pin and Spacers, the end zones of the 
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pin being designed to support the Outer ends of 
a spring or springs 52, 52-one or more springs 
may be utilized at each end of the pin-the oppo 
site ends of the springs being carried by the Outer 
end Zones of a Second element 53, shown as made 
up of an elongated pin and spacers located on the 
opposite side of the plane of rod 27 from element 
5f, element 53 being carried by an end zone of 
each of a pair of arms 54 which are supported 
pivotally on trunnions 44, 44, and which arms 
extend beyond such trunnions. 

Element 53 also carries the lower end of mem 
ber 4, the upper end of which is carried by the 
reduced portion 4.0a of the structure 49. Mem 
ber 4 is provided with a slot 4 a within which 
reduced portion 49a rides, the length of the slot 
depending upon the length of the stroke of the 
pumping Structure or of reciprocation. Mem 
ber 4 is a portion of the timing control of the 
tripping mechanism, and the slot length is such 
that at the proper time in the approach zone, re 
duced portion 4.0a engages an end of the slot, 
after which the continued advance of the nut 
within the approach zone will also cause mem 
ber 4 to advance in the same direction, thereby 
drawing or pushing-depending upon the direc 
tion of advance-element 53, and thus Swing 
arms 54 about their pivots on trunnions 44. 
AS is apparent, the SWing of arms 54 and ele 

ment 53 through an arc, will cause springs 52 
to elongate and become of increased tension, the 
maximum value of which is reached when a line 
drawn from element 5 to element 53 also inter 
sects the axis of trunnions 44; this is the earlier 
portion of the tripping moment, at which time 
the springs are under maximum tension and 
greatest power. If the advance of the nut assem 
bly were to be then continued element 53 would 
continue to advance at the rate of approach and 
the power would be dissipated without effect. 
Hence, in order to utilize the maximum power an 
auxiliary mechanism.55 is utilized (Fig. 8), this 
consisting of a pair of lever arms. 55d., pivoted to 
a frame portion, with each arm carrying a large 
rotatable wheel 55 bat, its free end; this leverage 
assembly is spring-supported, as by a member 
carried intermediate the ends of the arms and 
Carrying a pin, and Spring structure 55c which 
tends to hold the rollers in raised position, a po 
sition which extends above the path of the arc of 
travel of element 53. Hence, as element 53 ad 
vances, its spacers contact the face of rollers 55c 
materially before arms 54 reach the maximum 
power position, and as the arms continue to ad 
vance, the spacers move over rollers 55b and des 
press arms 55a, against tension, this continuing 
until element 53 reaches the high point of the 
rollers at, which time the spring 55c is under max 
imum compression; the positions are such that 
this latter condition is had at the time springs 
52 are under maximum tension. . . . . 

Obviously, when element 53 passes the dead 
center position of rollers 55b, the power of both 
Spring sources becomes active to rapidly shift 
element. 53 to Cornplete its advance-due to the 
rotation of the rolley's and the curved surface of 
the latter, these combining to force the spacer 
element 53 to advance rapidly. And since this 
advance also shifts one end of springs 52 from 
one side to the other of the line through trun 
nions A, the SpringS 52 will rock arms 42 on pivot 
33 to shift the position of member 65 and thus 
shift sleeve.33 to its opposite position, and, inci 
dentally, shift the position of trunnions 44. It is 
apparent that while member it will begin to 75 
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Swing arms 54 before the active tripping point 
and moment is reached, such Swing is simply 
about trunnions 44 as a pivot and without effect 
in shifting the position of member 45; shift of 
the latter takes place only when the power of 
Springs 52 becomes active to rock arms 42 on 
their fixed pivot 43 when element 53 passes the 
dead center of its arc of movement. Hence, the 
preliminary development of the power and the 
positioning of the parts for action at the tripping 
moment is had without affecting the normal 
pumping action as controlled by the control unit 
during this approach period, member 45 retain 
ing its normal position until tripping actually 
takes place by the rapid shift of element 53 to its 
opposite position, thereby SWinging arms 42 to 
shift member 45. 
The mechanism thus far described indicates 

the manner in Which the travel of the nut is made 
active within the tripping mechanism to time the 
tripping action, together with the power means 
utilized to provide the tripping activity; in addi 
tion, the description includes the manner in 
which sleeve 33 is shifted by the tripping mecha 
nism. The latter also includes operative struc 
tures for concurrently shifting the thread assem 
bly, and these will now be described: 

56 indicates a member loosely mounted on rod 
27 in the vicinity of clutch member 30 in the low 
er end zone of the rod; the member is held 
against longitudinal movement on the rod by a 
collar 57 pinned to the Shaft, a Spacer and roller 
bearing 58 between the member 56 and member 
30 locating member 56 as held against such longi 
tudinal novement on rod 2. Member 56 carries 
a pair of trunnions 53, 59, diametrically opposite 
one another, these carrying a pair of parallel 
arms 6 mounted on an element 6 Supported by 
a part of frame 26; element 6 may be in the 
form of a pin and spacers, arranged to locate the 
pin about midway between the ends of arms 68. 
The opposite end of arms 69 is each operatively 
connected with a trunnion 44 by connection 62 
the opposite ends of which are pivotally mounted 
respectively, on trunnions 44 and a suitable pin 
62a-which may be a bolt-carried by such op 
posite end of arm or lever 60. Obviously, when 
member 45 is shifted by the power, as previously 
described, the movement of trunnions 44 carried 
by member 45 will rock arms or levers 60 through 
connections 62, and Since inember 56 is also con 
nected with the arms-but on the opposite side 
of pivot 6-such movement of member 45 will 
concurrently shift member 56, but in the direc 
tion opposite that in which member 45 is being 
shifted thus shifting rod 27 in a direction oppo 
site that in which sleeve 33 is being shifted. 
To assure the proper shift member 54, each 

trunnion 59 also carries a connection 63 which 
extends to and is pivotally supported by alm 54 
at an intermediate point of the latter, the trun 
nioned end of connection 63 having a slot 63a. 
which will permit free travel of the connection 
relatively to its trunnion 59 during the period 
of travel of arm 54 to the tripping position, but 
will cause the trunnion to shift-through con 
tacting an end of slot 63d-during the period of 
rapid advance of arm 54 as a result of the tripping 
action. Hence, both ends of arms or levers 68 
are subjected to shifting pressure emanating 
from two sources-arms 54 and member 45 
thus assuring that the thread assembly. Will be 
shifted concurrently with but in opposite direc 
tions to the shift of sleeve 33. 
As will be understood, the tripping mechanism 
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is completely free from control by the control 
unit-control by the latter is limited to Con 
trolling the movements of carrier F, while car 
rier. D is controlled from the power Source 
through the movements of the nut unit. Hence, 
the complete assemblage is made along definite 
lines, with the pumping structures as the founda 
tion. The desired action of the pumping struc 
ture--its length of stroke, the maximum Speed 
of operation, etc.--is determined, after which the 
control unit control faces are fashioned to pro 
duce the desired effect on carrier F. The proper 
length of thread assembly and length of sleeve as 
sembly is then provided to assure the desired 
length of stroke, with member 4 then provided i 
With a slot length such that it Will begin the move 
ment of arms 54 at the proper.time to provide a 
steady development of the spring power within 
the tripping mechanism. Connection d will 
have such a length as to assure that roller g will 
be passing into the no-ratio Zone at the earliest 
possible tripping moment. With these condi 
tions present, the complete assemblage Will pro 
vide efficient operation with the pumping struc 
ture at maximum eficiency, and With an aSSur- 2 
ance that successive cycles of reciprocation of 
the pumping structure will be similar and With 
uniform stroke length. The stroke of the pump 
ing structure will meet the conditions of speed 
reduction characteristic during the approach to 
the end of the stroke, and of an increasing speed 
characteristic from the beginning of the succeed 
ing stroke, in presence of the condition that the 
power source-the thread and nut activities 
are of a constant or uniform speed type. 
With a view to indicating somewhat of the 
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differences in effective operation, a brief presen 
tation is made in the form of a comparison as 
between the normal crank-pin assemblage, the 
assemblage presented in companion application, 
Serial No. 402,652, and the assemblage presented 
herein, the comparison being made on the basis of 
the use of a pumping structure utilizing strokes 
of either 20 inches, 30 inches, or 40 inches, thus 
including a number of possibilities. Certain as 
sumptions are made for the illustrations used, 
these including an assumed R. P. M. Speed of the 
power source of the crank-pin type such as Would 
be permissible with the assembly having the di 
rect connection between the power source and the 
pump rod at the maximum peripheral speed 
which would eliminate shocks in the end Zones 
of reciprocation. For the purpose of the illus 
tration, this R. P. M. is assumed to be 5R. P. M. 
for the 20 inch stroke, 3%. R. P. M. for the 30 
inch stroke, and 2A. R. P. M. for the 40, inch 
stroke, thus providing a timing of the respective 
strokes as 6, 9 and 12 seconds respectively, and 
providing the maximum peripheral speed of 29.18 
ft. per minute of the crank pin; as pointed out, 
the maximum speed of operation is that which 
will permit the direction of stroke to be changed 
without creating shocks, and when that is found, 
it is retained regardless of the change in stroke 
length, the reason for the decrease in the R. P. M. 
as the stroke length was increased. Since the 
characteristics are the same in such structure 
regardless of stroke length, any increase in effi 
ciency percentage that would be present due to 
increase of stroke length would be due to the 
difference in efficiency of the pumping structure 
per se operating at a longer stroke-in other re 
spects no advantage would be presented. 
In connection. With the asseinblage of the com 

panion application, it is assumed, for the illus 75 
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tration, that the interpositioning of the control 
unit between the power source and the pump rod; 
will permit a 50% speed increase without chang 
ing the end Zone conditions as to the creation of 
shocks; such increase Would raise the peripheral 
speed to 39.27 ft. per minute. However, the com 
plete 50% increase is not present relative to the 
R. P. M. and the stroke time, due to the fact that 
the presence of the control unit shortens the 
stroke length of the pump rod, so that, to obtain 
the proper basis of comparison, the diameter of 
the crank pin orbit must be increased sufficiently 
as to cause the effective stroke of the pump rod 
to be the 20, 30 and 40 inches referred to. The 
use of a 22 inch stroke of the primary recipro 
cating member (10% increase in diameter of the 
crank-pin orbit) is assumed to produce the 20 
inch stroke of the latter, the 30 and 40 inch 
strokes carrying such 10% increase for the pur 
pose of the illustration. With this change, the 
20 inch stroke would provide a R. P. M. of 6.81, 
and a stroke time of 4.4 seconds, as compared 
With the 5 R. P. M. and 6 second stroke length of 
the prior form referred to above; with the 30 inch 
stroke, 4.55 R. P. M., and a stroke time of 6.6 sec., 
Would result, and with the 40 inch stroke, the 
R. P. M. would be 3.41 and the stroke time 8.8 
Seconds. Since the same type of power source 
is utilized, the advantage comes through increase 
in speed. and consequent increase in the number 
of strokes per unit of time, thereby increasing the 
capacity of the pumping structure; while the as 
Sumed increase is that of 50% in the peripheral 
Speed, the effective increase, due to the larger 
diameter orbit, is approximately 36%, which rep 
resents the increase in capacity of the assemblage. 
While this form includes a delay period, such 
period does not affect this percentage-it is not 
primarily considered-since its effect is presented 
and considered as a part of the shortening of the 
pump rod stroke through control unit operation, 
and is included within the added dimension of 
the diameter of the power source orbit; its pres 
ence does not affect the timing, since the travel 
of the crank pin is continuous. 

In connection with the present invention, the 
Comparison presents the following: Due to the 
fact that the nut unit travels at uniform speed 
throughout its stroke as compared with the varied 
speed of the crank-pin type primary reciprocating 
member, the contour of the control face of the 
control unit must be changed to set up the desired 
Speed differential in the approach zone and at the 
beginning of the succeeding stroke. For the 
comparison, it is assumed that the shortening 
of the stroke of carrier F would be increased 
by an amount such as would require an additional 
stroke length of 2 inches over the length of 
the primary stroke length of the 20 inch con 
panion form-the 20 inch stroke length of the 
carrier F would be represented by a stroke length 
of 24 inches for carrier D; of 34 inches for the de 
sired 30 inch stroke of carrier F, and 44 inches 
for the 40 inch stroke of carrier F, the increase 
being the same in all cases. 

Using the maximum peripheral speed rate of 
39.27 ft. per minute assumed to be the maximum 
permissible Speed which would not cause perma 
nent strain to the pump rod, the time-length 
per stroke would be 3.06 sec. for the 20 inch stroke 
of carrier F; 4.33 sec. for the 30 inch, and 5.6 
Sec. for the 40 inch stroke of carrier F. Since 
there is an actual delay and stoppage of the 
nut unit. When changing from one stroke to the 
next, the times given should be increased-for 
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simplicity this is assumed to be 1.sec.; the addi 
tion of this places the respective stroke times 
as 4.06, 5.33 and 6.6 seconds; since the R. P. M. 
is represented by a cycle of reciprocation-two 
strokes-the respective R. P. M. of the three 
stroke lengths would be 7.39, 5.63 and 4.55, re 
spectively, to permit comparison with the first 
and second forms. These present a percentage 
increase of 48%, 69% and 82% over the 20, 30 
and 40 inch strokes of the standard form, as to 
R. P. M.; and 8.51%, 23.73% and 33.43% in R. 
P. M. Over the companion form. The gain pro 
vided by the decrease in time-length per stroke, 
would amount to 1.94 sec., 3.67 sec, and 5.4, Sec 
onds, respectively for the three dimensions of the 
standard form, and 34 sec., 1.27. Sec. and 2.2 
Sec., respectively for the three dimensions of the 
companion form, 
In the above assumptions, the values alloted 

for the shortening. Of the Strokes and the time 
for shifting the nut, and thread assemblies in 
reversing the Stroke are very generous and a S 
SUrned for simplicity in calculations. Obviously, 
in practice, these conditions will not present the 
Severity indicated, in the assumptions made, With 
the result that the advantages. Will be increased 
over those indicated. In the 20-inch stroke. Zone, 
the advantage. Over the companion form is slight, 
due to the fact that in the companion form Zone 
d', k', is not required, and the loss in stroke length 
is less due to the type of power source; as the 
stroke-length increases, the advantage over the 
companion form is materially increased, due to 
the fact that the added increment is found in 
ZOnes i, k. 

. The description thus far has presented the 
travel of the nut, unit at Similar Speeds in both 
of its strokes, with this speed controlled by the 
permissible speed possible during the downstroke 
of the pump rod, during which the buckling pos 
sibilities are present, and the weight of the pump 
rod, serves as an aid to the power. AS is appare 
ent, the conditions of buckling are not possible 
during the up-stroke, since the pump-rod is then 
being drawn; as a resuit the Speed limitation due 
to buckling, may be ornitted as a factor during 
the up-stroke; in addition, the weight of the 
pump rod opposes the power during this stroke, 
So that it can tend to Serve as a factor in:hore 
rapidly dissipating kinetic energy, during the 
approach zone at the upper end of the stroke. 
Hence, it is apparent that these conditions. Would 
permit travel of the nut unit upwardly at a higher 
Speed rate than downwardly. 
Such a speed differential is possible with the 

present assemblage due to the fact that there is 
an actual break in the connections when chang 
ing from one stroke to the next, due to the action 
of shifting both thread and nut assemblies by 
the tripping mechanism. Hence, if the members 
23, and 24 be operated at different speeds-or 
either member 31 or 36 be made rotative at a 
proper speed-the speed rates of the two strokes 
of a cycle may vary from each other without 
affecting the operation excepting to shorten, the 
time length of the up-stroke, and thereby in 
crease the number of R. P. M. of the assembiage, it 
being apparent that the control unit Will Oper 
ate similarly regardless of the speed of carrier 
D. Such a change in speed Would possibly re 
quire a change in contour of control face. K, but 
if the change be arranged as heretofore pointed 
out-retaining the stroke length of carrier F as 
well as the positions at which the stroke is begun 
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and ended-such changes. Will. not affect the 
operation other than that indicated. 
These changes relative to members. 23 and 24 

or the alternative of change from stationary, to 
rotary status of one of the members 3 or 36 
are not presented in the diawings, since, these are 
changes that are along. Well-known lines. For 
instance, member 24 can be given a separate 
drive (omitting connectors, 25) and rotated at 
higher or lower Speed thannenber 23, depend 
ing upon which of these Will provide the upward 
movement of the nut unit, since it is this direc 
tion of travel of the unit that is to have the 
Speed increase. Or the second power may be 
applied to either member 3 or member 36, thus 
providing for concurrent rotation-preferably at 
differential Speeds-of both thread and nut as 
semblies during the up stroke of the nut unit to 
cause the latter to advance more rapidly during 
the up stroke. The latter would present, the 
Simpler form of change, but either Would be 
made along well-known lines employed by the 
designer. The Only effect of the change would 
be to reduce the time length of the up-stroke 
Without affecting the stroke operation, and 
thereby make possible an increased R. P. M. effect 
per unit of time, doing this without changing 
the maximum speed permissible during the down 
stroke. 

In other words, the presence of the control 
unit as an intermediary between the power source 
and the pumping structure, not. Only makes post 
sible the conversion of a constant speed power 
source into a source capable of speed variations 
of the pump rod to meet the conditions of a 
reciprocating cycle-producing some of the ad 
Vantageous characteristics of the crank-pin 
type-but, in addition, provides for great flexi 
bility in control to meet the conditions of indi 
vidual problems: set up by the pumping system 
installation, itself, alone or in combination with 
the changes above indicated. 
The delay characteristic between successive 

strokespermits any buckling conditions to be dis 
sipated, and thus enables, if desired, the use of 
maximum speeds. Such as may inherently pro 
duee. a buckling characteristic, as long as the 
buckling does not result in permanent strain to 
the pump rod; the time-length of delay may 
Wairy-dependent, upon the extent to which the 
roller g. may nove into the no-ratio zone; but 
this does not affect the operation, since there 
is no accumulation of excesses-each stroke is 
individual, and, the flexibility of operation is such 
that the-predetermined minimum. in time-length 
of delay will always be present, the excess being 
due to possible over-running action. 
The details of the tripping mechanism are 

more or less illustrative, and designed to indicate 
the particular operations that are desired of such 
mechanism; obviously, other specific structures 
may be employed for the purpose. For instance, 
member 4 is shown in simple form; as shown, it 
Will.have a pseudoarcuate movement during the 
travel of the, nut, the member being pivoted at 
One end, to arm 54, the opposite support being 
reduced. portion 4.0a; since the latter travels, with 
the nut While the pivot is below the plane of 
Such travel path, it is apparent that the nem 
ber will swing on the pivot as the nut travels. 
Obviously, by changing the shape of the men 
her as by having it shaped to extent the slot in 
the planes of the nut travel path, and offsetting 
the lower end of the member (varying the upper 
Wall of the slot, to accommodate for the arcuate 
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movement of the pivot connection with arm 54), 
no swinging of the member will be had. If de 
sired, the ends of the slot may be provided with 
cushioning means 4 lb, as shown in Fig. 6, this 
offering a convenient way of accurately co-relat 
ing the timing of the tripping point with the be 
ginning of the no-ratio Zone of the control unit 
by controlling the time when arm 54 begins its 
movement in the direction of its tripping position. 

... While the structure shown in Figures 3 to 9 is 
indicated broadly as the power source, it is appar 
ent that, aside from the tripping mechanism, the 
assemblage may be considered as comprising a 
power unit-extending from motor M to the 
members 23 and 24-which rotates continuously, 
and a power drive instrumentality-consisting of 
the thread and nut assemblies-which is opera 
tive to develop and produce the constant Speed 
drive characteristic that is present during the 
period when the nut is advancing through its 
reciprocatory strokes, this activity being present 
when either assembly is active with its member of 
the power unit, but which is made inactive as a 
drive during change in direction of stroke by 
the tripping mechanism operation; the distinc 
tion between the unit and instrumentality is thus 
not only that of a continuous operation as con 
pared with an interrupted operation, but also the 
distinction of rotary motion as compared With 
reciprocatory movement, although both unit and 
instrumentality are co-related to provide con 
plete drive effect. 
And while, for the purpose of the description, 

element C has been indicated as the pump rod of 
a pumping system, it will be readily understood 
that the pump rod is actually the impeller ele 
ment for a work-performing instrumentality, so 
that the term impeller element may be substi 
tuted for pump rod and thus include other fields 
of service in which the motion-transmitting 
mechanism described may be utilized. 
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The advantages resulting through use of the 
present invention will be more or less apparent 
from the above description. Among those not 
previously referred to are the possibilities set up 
through the increase in the length of the stroke, 
an arrangement advantageous in the operation 
of the pumping system. While stroke-length in 
crease can be had with the Crank-pin type of 
power source, the increase can be had only by 
decrease in the number of reciprocations per unit 
of time; for instance, an increase from 20 to 40 
inch stroke can be made by cutting in half the 
number of reciprocations per unit of time, assum 
ing the same peripheral speed to be used in both 
cases. On the contrary, such an increase in the 
stroke length in the present invention will de 
crease the time length of a cycle of reciprocation 
to approximately five-sixths of that required by 
the crank-pin type of similar stroke length, thus 
actually increasing the number of reciprocations 
per unit of time as compared with that of the 
crank-pin type, a result unobtainable with the 
latter type. Hence, the advantage obtained by the 
longer stroke flows both from the pumping Sys 
tem and operation and the increased number of 
reciprocations obtainable as compared with the 
crank-pin type. 
While I have herein disclosed a motion trans 

mitting mechanism in considerable detail, Such 
disclosure is more or less illustrative, and it is 
obvious that changes or modifications therein 
may be found desirable or essential in meeting 
the exigencies of use or the preferences of the 
user, and I therefore desire to be understood as 
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reserving the right to make any and all such 
changes or modifications as may be found desir 
able or necessary, insofar as the same may fall 
Within the spirit and scope of the invention as 
expressed in the accompanying claims when 
broadly construed. 
What is claimed as new is: 
1. In motion transmitting mechanisnin, a power 

source operative to provide reciprocatory nove 
ments of predetermined stroke length with each 
stroke having its advance at uniform Speed and 
with successive strokes spaced by a time interval, 
a reciprocatory element operative as an impeller 
for a work-performing instrumentality, and a 
control unit operatively interposed between and 
operatively connected to both the power Source 
and the element and operative by power Source 
movements to control the advancing Speed of the 
element during each stroke, said power source, 
element and control unit being co-related in Op 
eration to provide the following automatic Suc 
cession of reactions to the uniform Speed advance 
of the power source in a rectilinear path and dur 
ing each power source stroke: With the element 
at zero speed position and with the power Source 
active at Such uniform speed to thereby render 
the control unit active in the control of element 
advance through the stroke, subject the element 
to power application applied through the unit 
to start element advance from its zero speed posi 
tion and under predetermined Speed ratio condi 
tions of major differential-in-speed values as 
compared With the uniforn. Speed value of the 
power source and below the latter speed; continue 
the element advance with progressive decrease 
of the differential-in-speed value by increase of 
element speed until the speeds of the power source 
and the element are similar in value; maintain 
the similar value speed relationship until reach 
ing the approach Zone at the end of the stroke; 
and then beginning a progressive speed reduc 
tion of the element speed by development of and 
increase of the speed differential values between 
the Speeds of the power source and element until 
the element Speed value becomes of zero speed 
value, and maintaining the element in its latter 
value position during power source activity to 
reverse the direction of reciprocatory advance in 
the power source for the succeeding stroke. 

2. Motion transmitting mechanism as in claim 
1 characterized in that the power source includes 
a power unit continuously rotatable at constant 
Speed, a power drive instrumentality adapted to 
engage and be driven by the power unit to provide 
the opposite advancing strokes of a reciprocatory 
cycle Within the instrumentality and to be disen 
gaged from the power unit at the end of each 
stroke, and a tripping mechanism timed by the 
advancing stroke movements and rendered active 
Within the end Zone of stroke advance Within the 
instrumentality to first break and then restore the 
operative drive engagement between the power 
unit and instrumentality with the re-engagement 
operative to reverse the direction of stroke ad 
Vance, said instrumentality being operatively con 
nected With the control unit to render the latter 
active in producing and controlling the drive of 
the impeller element, said control unit including a 
Zone face active to render instrumentality move 
ment in the direction of stroke advance within the 
end ZOne of the instrumentality stroke ineffective 
to change the position of the impeller element to 
thereby limit the stroke range of the impeller 
element solely by control unit activity. , 

3. Motion transmitting mechanism as in claim 



2,320,259 
i characterized in that the power source includes 
a power unit continuously rotatable at constant 
Speed, a power drive instrumentality adapted to 
engage and be driven by the power unit to pro 
vide the Opposite advancing strokes of a re 
ciprocatory cycle within the instrumentality and 
to be disengaged from the power unit at the end 
of each Stroke, said instrumentality including a 
thread assembly and a nut assembly arranged to 
permit either assembly to operatively engage and 
be given rotating motion by the power unit with 
the other assembly held against rotation and with 
such engagement by either assembly providing a 
stroke of the reciprocatory cycle, the assemblies 
being co-operative to provide a permanent thread 
and nut characteristic active in providing a speed 
drive at constant rate through the stroke, and a 
tripping mechanism timed by the advancing 
stroke movements and rendered active within the 
end Zone of Stroke advance within the instru 
mentality to break the drive engagement between 
the power unit and the active assembly and to 
establish Such drive engagement with the other 
assembly to thereby end one stroke and prepare 
the instrumentality for the succeeding stroke in 
the Opposite direction, the co-operative arrange 
ment of the assemblies being such that the nut 
unit of the nut assembly will bodily advance 
longitudinally of the thread axis throughout the 
length of each Stroke regardless of which as 
sembly is actively engaging the power unit during 
the Stroke, Said nut unit having a permanent 
connection with the control unit to cause the 
latter to be driven thereby and in Synchronism 
therewith to render the control unit active to 
control the Speed and range of the stroke move 
nents of the impeller element. 

4. Motion transmitting mechanism as in claim 
lscharacterized in that the power source includes 
a power unit continuously rotatable at constant 
Speed, a power drive instrumentality adapted to 
engage and be driven by the power unit to pro 
vide the Opposite advancing strokes of a re 
ciprocatory cycle Within the instrumentality, and 
to be disengaged from the power unit at the end 
of each stroke, said instrumentality including a 
thread and nut assembly arranged to permit 
either assembly to operatively engage and be given 
rotating motion by the power unit with the other 
assembly held against rotation and with such en 
gagement by either assembly providing a stroke 
of the reciprocatory cycle, the assemblies being 
co-operative to provide a permanent thread and 
nut characteristic active in providing a speed 
drive at constant rate through the stroke, and a 
tripping mechanism timed by the advancing 
stroke movements and rendered active within the 
end Zone of stroke advance within the instru 
mentality to break the drive engagement between 
the power unit and the active assembly and to 
establish Such drive engagement with the other 
assembly to thereby end one stroke and prepare 
the instrumentality for the succeeding stroke in 
the opposite direction, the co-operative arrange 
ment of the assemblies being such that the nut 
lunit of the nut assembly will bodily advance 
longitudinally of the thread axis throughout the 
length of each stroke regardless of which as 
Sembly is actively engaging the power unit during 
the stroke, said nut unit having a permanent 
connection With the control unit to cause the 
latter to be driven thereby and in synchronism 
therewith to render the control unit active to 
control the Speed and range of the stroke move 
ments of the impeller element, the control unit 
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including a ZOne face active to render nut ad 
vance within the end Zone of the stroke ineffective 
to change the position of the impeller element to 
thereby limit the stroke range of the impeller 
element solely by control unit activity. 

5. Motion transmitting mechanism as in claim 
1 characterized in that the power source includes 
a power unit continuously rotatable at Constant 
Speed, a power drive instrumentality adapted to 
engage and be driven by the power unit to pro 
vide the Opposite advancing strokes of a re 

20 

25 

3 5 

40 

50 

55 

60 

65 

0. 

5 

ciprocatory cycle Within the instrumentality and 
to be disengaged from the power unit at the end 
of each stroke, said instrumentality including a 
thread assenby and a nut assembly arranged 
to permit either assembly to operatively engage 
and be given rotating motion by the power unit 
With the other aSSembly held against rotation 
and with Such engagement by either assembly 
providing a stroke of the reciprocatory cycle, the 
assemblies being co-operative to provide a perma 
nerat thread and nut characteristic active in pro 
viding a Speed drive at constant rate through the 
Stroke, and a tripping mechanism timed by the 
advancing stroke movements and rendered active 
Within the end Zone of stroke advance within the 
instrumentality to break the drive engagement 
between the power unit and the active assembly 
and to establish such drive engagement with the 
other assembly to thereby end one stroke and 
prepare the instrumentality for the succeeding 
stroke in the opposite direction, the co-operative 
arrangement of the assemblies being such that 
the nut unit of the nut assembly will bodily ad 
vance longitudinally of the thread axis through 
out the length of each stroke regardless of which 
assembly is actively engaging the power unit 
during the Stroke, the engagement and disen 
gagement of an assembly with the power unit 
being by bodily movement of the assembly in the 
direction of length of the assembly toward and 
from the power unit, the thread assembly and nut 
Junit of the nut assembly moving as a unit during 
the shift, and with the shift provided by the 
activity of the tripping mechanism. 

6. Motion transmitting mechanism as ira claim 
1 characterized in that the power source includes 
a power unit continuously rotatable at constant 
Speed, a power drive instrumentality adapted to 
engage and be drivea by the power unit to pro 
Wide the opposite advancing strokes of a re 
ciprocatory cycle within the instrumentality and 
to be disengaged from the power unit at the end 
of each stroke, Said instrumentality including a 
thread assembly and a nut assembly arranged to 
permit either assembly to operatively engage and 
be given rotating motion by the power unit with 
the other assembly held against rotation and with 
Such engagement by either assembly providing a 
stroke of the reciprocatory cycle, the assemblies 
being co-operative to provide a permanent thread 
and nut characteristic active in providing a speed 
drive at constant late through the stroke, and a 
tripping mechanism timed by the advancing 
Stroke movements and rendered active within the 
end zone of Stroke advance within the instru 
mentality to break the drive engagement between 
the power unit and the active assembly and to 
establish Such drive engagement with the other 
assembly to thereby end one stroke and prepare 
the instrumentality for the succeeding stroke in 
the opposite direction, the co-operative arrange 
ment of the assemblies being such that the nut 
unit of the nut assembly will bodily advance 
longitudinally of the thread axis throughout the 
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length of each stroke regardless of which as 
sembly is actively engaging the power unit during 
the stroke, the engagement and disengagement 
of an assembly with the power unit being by 
bodily movement of the assembly in the direction 
of... length of the assembly toward or from the 
power unit, the thread assembly and nut unit of 
the nut assembly moving as a unit during the 
shift, and with the shift provided by the activity 
of the tripping mechanism, Said nut unit having 
a permanent connection with the control unit to 
cause the latter to be driven thereby and in 
Synchronism there with to render the control unit 
active to control the speed and range of the 
stroke movements of the impeller element, the 
control unit including a ZOne face active to render 
nut advance by and during the period of such 
bodily shift ineffective to change the position of 
the impeller element. 

7. Motion transmitting mechanism as in claim 
1 characterized in that the power source includes 
a power, unit continuously rotatable at constant 
speed and including a pair of spaced-apart clutch 
members movable in unison. With the unit, a 
power drive instrumentality adapted to oper 
atively engage and be driven by the power unit 
through said members to provide the opposite 
advancing strokes of a reciprocatory cycle Within 
the instrumentality and to be operatively disen 
gaged from the power unit at the end of the 
stroke, said instrumentality including a thread 
assembly and a nut assembly, a pair of Stationary 
braking members in spaced relation to each other 
and remote from the rotating members, said 
thread assembly and nut assembly each having 
a pair of clutch members with one of the pair 
complemental to one of the rotating members 
and the other of the pair complemental to one 
of the braking members to provide individual 
drive and braking action for said assemblies, 
the distance between the pair of members of an 
assembly being less than the distance between 
the rotating and braking members for such as 
sembly to thereby prevent concurrent rotating 
and braking action upon such assembly, and a 
tripping mechanism co-operative With both 
thread and nut assemblies to provide bodily lon 
gitudinal movements thereof within the end 
zones of reciprocation of the assemblies and be 
inactive thereWith intermediate such end-zones, 
said tripping mechanism being operative to con 

' currently shift both assemblies bodily to estab 
lish engagement with a rotating member by one 
of the assemblies and engagement with a braking 
member by the other of the assemblies at one 
end of...a stroke and a reversal of such relation 
ships at the opposite end of the stroke, said 
thread and nut assemblies being co-related to 
cause a nut unit of the nut assembly to co-oper 
ate with the thread of the thread assembly to 
provide a constant thread and nut relationship 
within the assemblies operative to advance the 
nut at a constant speed rate longitudinally of the 
thread axis by threading action with the direc 
tion of advance determined by the activity of the 
assembly in engagement with its rotating mem 
ber, said nut unit being operatively connected 
With the control unit. 

8. Motion transmitting mechanism as in claim 
i characterized in that the power source in 
cludes a power unit continuously rotatable at 
constant speed and including a pair of spaced 
apart clutch members movable in unison with 
the unit, a power drive instrumentality adapted 
to operatively engage and be driven by the power 
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unit through said members to provide the Oppo 
site, advancing strokes of a reciprocatory cycle 
within the instrumentality and to be operatively 
disengaged from the power unit at the end of 
the stroke, said instrumentality including a 
thread assembly and a nut assembly, a pair of 
stationary braking members in Spaced relation 
to each other and remote from the rotating 
members, said thread assembly and said nut as 
sembly each having a pair of clutch members 
with one of the pair complemental to one of the 
rotating members and the other of the pair com 
plemental to one of the braking members to pro 
vide individual drive and braking action for Said 
assemblies, the distance between the pair of 
members of an assembly being less than the dis 
tance between the rotating and braking men 
bers for such assembly to thereby prevent con 
current rotating and braking action upon such 
assembly, and a tripping mechanism co-opera 
tive with both thread and nut assemblies to pro 
vide bodily longitudinal movements thereof with 
in the end zones of reciprocation of the assem 
blies and be inactive therewith intermediate such 
end-zones, said tripping mechanism being oper 
ative to concurrently shift both assemblies bodily 
to establish engagement with a rotating member 
by one of the assemblies and engagement With 
a braking member by the other of the assemblies 
at , one end of a stroke and a reversal of Such 
relationships at the opposite end of the stroke, 
said thread and nut assemblies being co-related 
to cause a nut unit of the nut assembly to co 
operate with the thread of the thread assembly 
to provide a constant thread and nut relation 
ship within the assemblies operative to advance 
the nut at a constant speed rate longitudinally 
of the thread axis by threading action. With the 
direction of advance determined by the activity 
of the assembly in engagement With its rotating 
member, said nut unit being operatively con 
nected with the control unit, said control unit 
including control faces operative to provide Con 
trolled speed variations between the Constant 
speed of the nut unit and the speed of the im 
peller element with the speed differentials vary 
ing between equal speeds and a zero speed of the 
element. 

: 9. Motion transmitting mechanism as in claim 
is characterized in that the power source in 
cludes a power unit continuously rotatable at 
constant speed and including a pair of spaced 
apart clutch members movable in unison with 
the unit, a power drive instrumentality adapted 
to operatively engage and be driven by the power 
unit through said members to provide the oppo 
site advancing strokes of a reciprocatory cycle 
within the instrumentality and to be operatively 
disengaged from the power unit at the end of 
the stroke, said instrumentality including a 
thread assembly and a nut assembly, a pair of 
stationary braking members in spaced relation 
to each other and remote from the rotating 
members, said thread assembly and said nut 
assembly each having a pair of clutch members 
with one of the pair complemental to one of the 
rotating members and the other of the pair com 
plemental to one of the braking members to pro 
wide individual drive and braking action for said 
assemblies, the distance between the pair of 
members of an assembly being less than the disa 
tance between the rotating and braking mem 
bers for such assembly to thereby prevent con 
current rotating and braking action upon such 
assembly, and a tripping mechanism co-opera 
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tive with both thread and nut assemblies to pro 
vide bodily longitudinal movements thereof with 
in the end zones of reciprocation of the aSSen 
blies and be inactive thereWith intermediate Such 
end zones, said tripping mechanism being oper 
ative to concurrently shift both assemblies bodily 
to establish engagement With a rotating men 
ber by one of the assemblies and engagement 
with a braking member by the other of the as 
semblies at one end of a stroke and a reversal of 
such relationships at the opposite end of the 
stroke, said thread and nut assemblies being co 
related to cause a nut unit of the nut assembly to 
co-operate with the thread of the thread assen 
bly to provide a constant thread and nut rela 
tionship within the assemblies operative to ad 
vance the nut at a constant speed rate longis 
tudinally of the thread axis by threading action 
with the direction of advance determined by 
the activity of the assembly in engagement with 2 
its rotating member, said nut unit being Oper 
atively connected with the control unit, said con 
trol unit including control faces operative to pro 
vide controlled speed variations between the Con 
stant speed of the nut unit and the Speed of the 
impeller unit with the speed differentials vary 
ing between equal speeds and a zero speed of the 
element, each control face including a no-ratio 
Zone rendered active when the impeller element 
reaches zero speed during advance of the nut 
unit to thereby permit shift of the assemblies by 
the tripping mechanism during impeller element 
speed inactivity. 

10. Motion transmitting nechanism as in 
claim characterized in that the poWer Source 
includes a power unit continuously rotatable at 
constant speed, a power drive instrumentality 
adapted to engage and be driven by the power 
unit to provide the opposite advancing strokes 
of a reciprocatory cycie within the instrumen 
tality and to be disengaged from the power unit 
at the end of each stroke, said instrumentality 
including a thread assembly and a nut assembly 
arranged to permit either assembly to operatively 
engage and be given rotating motion by the power 
unit, with the other assembly held against rota 
tion and with such engagement by either a S 
sembly providing a stroke of the reciprocatory 
cycle, the assemblies being co-operative to pro 
wide a permanent thread and nut characteristic 
active in providing a speed drive at constant rate 
through the stroke, said nut assembly including 
a nut unit movable bodily in the direction of axial 
length of the thread to provide the stroke ad 
vance, and a tripping mechanism operative to 
control the direction of nut unit advance by 
rendering one of the assemblies active relative 
to the power unit and the other inactive to begin 
the stroke of the nut unit and to reverse the 
activity of the assemblies at the end of the Stroke 
of the nut, unit to reverse the direction of nut 
unit advance, said tripping mechanism including 
a. pivoted lever under constant Spring tension 
with the lever shiftable between opposite ex 
tremes, independent operative connections be 
tween said lever and the thread and nut a S 
semblies with the connections operative to con 
currently shift the two assemblies bodily in op 
posite directions and with the nut unit shiftable 
with the thread assembly, such shifting nove 
ments being provided by lever movements from 
one extreme to the other, and an operative 
connection between the nut unit and the tripping 
mechanism for timing the activity of the trip 
ping mechanism to thereby limit Such activity 
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to the period when the nut unit reaches the end 
of its stroke travel. 

11, Motion transmitting mechanism, as in 
claim 1 characterized in that the power. Sorce.in 
cludes a power unit continuously rotataple at 
constant speed, a power drive instrumentality 
adapted to engage and be driven by the power. 
unit to provide the Opposite advancing Strokes 
of a reciprocatory cycle within the instirumen 
tality and to be disengaged from the power unit. 
at the end of each stroke, said instrumentality. 
including a thread assembly and a nut a SSembly 
arranged to permit either assembly to operatively 
engage and be given rotating motion by the power 
unit with the other assembly held against total. 
tion and with such engagement by, either as 
sembly providing a stroke of the reciprocatory 
cycle, the assemblies being co-operative to pro 
vide a permanent thread and nut characteristic 
active in providing a speed drive at constant 
rate through the stroke, said nut assembly in 
cluding a nut unit movable bodily in the direction 
of axial length of the thread to provide the stroke 
advance, and a tripping mechanism operative to 
control the direction of nut unit advance by 
rendering one of the assemblies active relative to 
the power unit and the other inactive to begin the 
stroke of the nut unit and to reverse the activity 
of the assemblies at the end of the stroke of the 
nut unit to reverse the direction of nut unit ad 
wance, said tripping mechanism including a piv. 
oted lever under constant Spring tension. With the 
lever shiftable between Opposite extremes, inde 
pendent operative connections between said lever 
and the thread and nut assemblies with the con 
nections operative to concurrently shift the tW0 
assemblies bodily in opposite directions with the 
nut unit shiftable with the thread assembly and 
with the shifting movements provided by lever 
movement from one extreme to the other, and 
an operative connection between the nut unit 
and the tripping mechanism for timing the 
activity of the tripping mechanism to thereby 
limit. Such activity to the period. When the nut 
unit reaches the end of its nut travel, Said latter 
connection being Slotted to provide a lost-notion 
relationship between the nut unit and the con 
nection during advancing travel of the nut, unit 
from the beginning of the unit stroke to the 
approach Zone of the end of the stroke and to 
thereby provide tripping power development by 
the Spring tension for the tripping shift drin 
and by nut unit advance. 

12. Motion transmitting mechanism as in claim 
5 characterized in that the power source includes 

a power unit continuously rotatable at constant 
Speed, a power drive instrumentality adapted to 
engage and be driven by the power unit to provide 
the opposite advancing strokes of a reciprocatory 
cycle within the instrumentality and to be disen 
gaged from the power unit at the end of each 
stroke, said instrumentality including a thread 
assembly and a nut assembly arranged to permit 
either assembly to Operatively engage and be giv 
en rotating motion by the power unit with the 
other assembly held against rotation and with 
such engagement by either assembly providing a 
stroke of the reciprocatory cycle, the assemblies 
being co-operative to provide a permanent thread 
and nut characteristic active in providing a speed 
drive at constant rate through the stroke, said 
nut assembly including a nut unit, movable bodily 
in the direction of axial length of the thread 
to provide the stroke advance, and a tripping 
mechanism operative to control the direction 



of nut unit advance by rendering one of the as 
semblies active relative to the power unit and the 
other inactive to begin the stroke of the nut unit 
an do reverse the activity of the assemblies at the 
end of the stroke of the nut unit to reverse the 
direction of nut unit advance, Said tripping mech 
anism including a pivoted lever under constant 
spring tension with the lever shiftable between 
opposite extremes, independent operative con 
nections between said lever and the thread and 
nut assemblies with the connections operative to 
concurrently shift the two assemblies bodily in 
opposite directions and with the nut unit shift 
able With the thread assembly, Such shifting 
movements being provided by lever movements 
from one extreme to the other, and an operative 
connection between the unit and the tripping 
mechanism for timing the activity of the tripping 
mechanism to thereby limit Such activity to the 
period when the nut unit reaches the end of its 
stroke travel, said tripping mechanism also in 
cluding a yieldable assembly including a rotatable 
circular member positioned in the path of travel 
of a tripping mechanism element advanced by 
such operating connection and during power 
increasing development of the spring-tension 
structure, said circular member being positioned 
to present the Zenith point of its contour to the 
advancing element When the spring tension is 
maximum to thereby cause further advance of the 
mechanism element to rapidly advance the lever 
to its opposite extreme and rapidly shift the 
thread and nut assemblies. 

13. Motion transmitting mechanism as in claim 
1 characterized in that the power source includes 
a power unit continuously rotatable at constant 
Speed and including a pair of spaced-apart 
clutch members movable in unison with the unit, 
a power drive instrumentality adapted to oper 
atively engage and be driven by the power unit 
through said members to provide the opposite 
advancing strokes of a reciprocatory cycle within 
the instrumentality and to be operatively disen 
gaged from the power unit at the end of the 
stroke, said instrumentality including a thread 
assembly and a nut assembly, a pair of stationary 
braking members in Spaced relation to each other 
and remote from the rotating members, said 
thread assembly and nut assembly each having a 
pair of clutch members With one of the pair com 
plemental to One of the rotating members and 
the other of the pair complemental to one of the 
braking members to provide individual drive and 
braking action for said assemblies, the distance 
between the pair of members of an assembly be- i 
ing less than the distance between the rotating 
and braking members for such assembly to 
thereby prevent concurrent rotating and braking 
action for Such assembly, said nut assembly in 
cluding a sleeve overlying and concentric with 
the thread zone of the thread assembly, said 
sleeve carrying the pair of clutch members of the 
nut assembly and being slotted longitudinally a 
distance greater than the length of a stroke of 
the reciprocating cycle, and a nut unit mounted 
on said sleeve, Said nut unit carrying a psu.edo 
nut having thread faces permanently engaging 
threads of the threaded assembly through such 
sleeve slots, whereby rotation of the thread as 
sembly will cause the nut to advance bodily lon 
gitudinally of the thread axis in one stroke di 
rection and rotation of the sleeve will cause the 
nut to thread on the thread of the thread assem 
bly to advance the nut unit bodily in the direction 
of length of the thread axis to provide a stroke 
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in the opposite direction, said nut unit being 
operatively connected with the control unit, and 
a tripping mechanism controlled as to timing 
of activity by travel of the nut unit and having 
operative connection with the thread assembly 
and With the sleeve to provide bodily longitudi 
nal movements of thread assembly and sleeve 
within the end Zones of reciprocation of the 
thread and nut assemblies and be inactive there 
With intermediate Such end Zones, said tripping 
mechanism being operative to concurrently shift 
the thread assembly and the sleeve with the shift 
of one being in a direction opposite the other to 
thereby establish rotation of one during braking 
activity of the other and with the activity of the 
tripping mechanism effective to change this re 
lationship. 

14. Motion transmitting mechanism as in 
claim 1 characterized in that the power source 
includes a power unit continuously rotatable at 
constant Speed and including a pair of spaced 
apart clutch members movable in unison with 
the unit, a power drive instrumentality adapted 
to operatively engage and be driven by the power 
unit through said members to provide the op 
posite advancing strokes of a reciprocatory cycle 
Within the instrumentality and to be operatively 
disengaged from the power unit at the end of 
the stroke, Said instrumentality including a 
thread assembly and a nut assembly, a pair of 
Stationary braking members in spaced relation to 
each other and remote from the rotating mem 
bers, said thread assembly and nut assembly each 
having a pair of clutch members with one of the 
pair complemental to one of the rotating mem 
bers and the other of the pair complemental to 
one of the braking members to provide indi 
vidual drive and braking action for said assem 
blies, the distance between the pair of members 
of an assembly being less than the distance be 
tween the rotating and braking inembers for 
such assembly to thereby prevent concurrent ro 
tating and braking action for such assembly, said 
nut assembly including a sleeve overlying and 
concentric with the thread zone of the thread as 
Sembly, said sleeve carrying the pair of clutch 
members of the nut assembly and being slotted 
longitudinally a distance greater than the length 
of a stroke of the reciprocating cycle, and a nut 
unit mounted on said sleeve, said nut unit carry 
ing a pseudonut having thread faces permanent 
ly engaging threads of the threaded assembly 
through said sleeve slots, whereby rotation of the 
thread assembly Will cause the nut to advance 
bodily longitudinally of the thread axis in one 
stroke direction and rotation of the sleeve will 
cause the nut to thread on the thread of the 
thread assembly to advance the nut unit bodily in 
the direction of length of the thread axis to pro 
wide a stroke in the opposite direction, said nut 
unit being operatively connected with the con 
trol unit, and a tripping mechanism controlled 
as to timing of activity by travel of the nut unit, 
and having Operative connection. With the thread 
assembly and With the sleeve to provide bodily 
longitudinal movements of thread assembly and 
sieeve within the end zones of reciprocation of 
the thread and nut assemblies and be inactive 
thereWith intermediate Such end zones, said trip 
ping mechanism being operative to concurrently 
shift the thread assembly and the sleeve With 
the shift of one being in a direction opposite the 
other to thereby establish rotation of one during 
braking activity of the other and with the ac 
tivity of the tripping mechanism effective to re 
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verse this relationship, said nut unit including 
said pseudonut formation rotative with the sleeve 
during sleeve rotation and non-rotative during 
thread rotation and movable longitudinally of 
the slots and the thread axis during rotation of 
either thread or sleeve by thread action, and an 
element loose relative to the sleeve and nut and 
movable longitudinally of the sleeve by and dur 
ing nut advance in the slots, said element carry 
ing the connections with the control unit, said 
nut and element moving bodily with the thread 
assembly and relative to the sleeve during the 
shift of thread and nut assemblies by the trip 
ping mechanism. 

15. Motion transmitting mechanism as in claim 
1 characterized in that the control unit includes 
a reciprocating carrier operatively connected 
with the power source, a leverage assembly sup 
ported by and movable with the carrier and hav 
ing a lever connection with a carrier of the im 
peller element, said leverage assembly carrying 
a roller, and a pair of spaced control faces adapt 
ed to co-operate with the roller individually, 
each control face having its travel control lim 
ited to one of the strokes of the reciprocating 
cycle and be inactive in the control of the other 
stroke of such cycle, each control face having an 
intermediate Zone active to cause travel of the 
element carrier in speed unison with the lever 
age drive carrier, and having zones leading to : 
and from such intermediate Zone for varying the 
Speed ratios between said carriers by leverage 
Variations with the differential in Speeds such 
that the element carrier speed develops from zero 
Speed to Such speed unison during the earlier 
portion of the stroke and returns to zero speed at 
the end of the Stroke With the drive carrier ad 
Vancing in a linear path and at uniform speed 
rate throughout the stroke length. 

16. Motion transmitting mechanism as in claim 
characterized in that the control unit includes 

a reciprocating carrier operatively connected with 
the power Source, a leverage a sembly supported 
by and movable with the carrier and having a 
lever connection with a carrier of the impeller 
element, said leverage assembly carrying a roller, 
and a pair of spaced control faces adapted to co 
operate with the roller individually, each control 
face having its travel control limited to one of the 
strokes cf the reciprocating cycle and be inactive 
in the control of the other stroke of such cycle, 
each control face having an intermediate Zone ac 
tive to cause travel of the element carrier in speed 
unison with the leverage drive carrier, and having 
Zones leading to and fron Such intermediate Zone 
for varying the speed ratios between said carriers 
by leverage variations with the differential in 
speeds such that the element carrier speed de 
Velops from Zero speed to Such speed unison dur 
ing the earlier portion of the stroke and returns 
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to zero Speed at the end of the stroke with the 
drive carrier advancing in a linear path and at 
uniform speed rate throughout the stroke length, 
each control face additionally carrying a no 
ratio Zone at the ends of the face to thereby per 
mit a dilitional drive carrier advance While the 
position of the eleineiat carrier remains un 
changed. 

17. Motion transmitting nerhanism as in claim 
1 characterized in that the control unit, inciudes a 
reciprocating carrier operatively co:nected with 
the power source, a leverage assembly supported 
by and movable with the carrier and having a 
lever confection with a carrier of the impeller 
eleinent, said leverage assembly carrying a roller, 

2. 
and a pair of Spaced control faces adapted to co 
Operate with the roller individually, each control 
face having its travel control limited to one of 
the strokes of the reciprocating cycle and be in 
active in the control of the other stroke of such 
Cycle, each control face having an intermediate 
ZOne active to cause travel of the element carrier 
in speed unison with the leverage drive carrier, 
and having Zones leading to and from such inter 
mediate Zone for varying the speed ratios between 
said carriers by leverage variations with the dif 
ferential in Speeds such that the element carrier 
Speed develops from Zero speed to such speed uni 
Son during the earlier portion of the stroke and 
returns to Zero Speed at the end of the stroke with 
the drive carrier advancing in a linear path and 
at uniforn. Speed rate throughout the stroke 
length, the Zone controlling the earlier portion of 
the stroke including a major length portion pro 
Viding a progressive reduction in Speed differen 
tial between the carriers and a minor length por 
tion leading thereto and having a high and rapid 
progressive development of Speed differential re 
duction With the maximum differential value 
Inade manifest at the beginning of element car 
rier travel at the start of the stroke. 

i8. Motion transmitting mechanism as in claim 
1 characterized in that the control unit includes a 
reciprocating carrier operatively connected with 
the power Source, a leverage assembly supported 
by and movable with the carrier and having a 
lever connection. With a carrier of the impeller 
element, said leverage assembly carrying a roller, 
and a pair of spaced control faces adapted to co 
operate with the roller individually, each control 
face having its travel Control limited to One of the 
strokes of the reciprocating cycle and be inactive 
in the control of the other stroke of such cycle, 
each control face having an intermediate zone ac 
tive to cause travel of the element carrier in speed 
unison with the leverage drive carrier, and having 
Zones leading to and from such intermediate Zone 
for varying the Speed ratios between said carriers 
by leverage variations with the differential in 
speeds such that the element carrier speed de 
Velops from Zero speed to such speed unison dur 
ing the earlier portion of the stroke and returns 
to zero speed at the end of the stroke with the 
drive carrier advancing in a linear path and at 
uniform speed rate throughout the stroke length, 
each control face additionally carrying a no-ratio 
Zone at the ends of the face to thereby permit 
additional drive carrier advance while the posi 
tion of the element carrier remains unchanged, 
the relation of the opposing faces within the no 
ratio zones being such that the shift of the roller 
from one face to the other will be provided by 
drive carrier travel when beginning its stroke in 
the new direction, whereby a delay characteristic 
is provided between the end of one stroke of the 
element carrier and the beginning of the Succeed 
ing stroke of Such carrier. 

19. In motion transmitting mechanism and in 
combination, a power source having means for 
translating continuous rotary motion at constant 
speed into reciprocatory notion of predetermined 
range with the means operative to provide ad 
vance through each stroke at constant Speed rate 
and a delay characteristic when changing from 
stroke to stroke of the reciprocatory cycle, a re 
ciprocatory element operative as an impeller for a 
Work-performing instrumentality, and a control 
unit including a leverage Systern and a pair of 
opposed control faces individually traversed by a 
member of the leverage system during the oppo 
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site strokes of the reciprocatory cycle, the lever 
age System having a lever operatively connected 
to the power source and adapted to advance 
through the stroke at constant Speed and a con 
necting lever pivotally connected thereto and 
with the impeller element to advance the impeller 
element during its stroke, each control face of the 
control unit having an intermediate Zone face op 
erative to cause travel of the impeller element in 
speed unison with the lever and a pair of Zone 
faces leading respectively to and from Said inter 
mediate Zone face With the pair of faces each op 
erative to control impeller element advance at 
speeds varying from and less than that of such 
speed unison with the range of variation extend 
ing from Zero speed of the impeller element to 
such speed unison and With the range developing 
progressively, whereby the constant speed of the 
power source during a stroke will be translated 
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into a variable speed of the impeller element 
throughout the length of the element stroke be 
ginning at zero speed and progressively increas 
ing to speed unison with the power Source drive 
and then returning to zero speed at the end of 
the stroke. 

20. Motion transmitting mechanism as in claim 
19 characterized in that each control face includes 
a Zone of no-ratio characteristic at each end of 
the face to permit the stroke of the power source 
stroke advance to begin prior to and continue 
after the beginning and ending of the element 
stroke advance With the impeller element held 
from advance during the excess advance travel of 
the power source, whereby the length of the im 
peller element stroke is determined and con 
trolled by such control face of the control unit. 

BRYAN BRASSE. 


