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ABSTRACT: A valve operator is disclosed which in a typical 
application is used to control an'alumina slurry valve. In nor 
mal operation, the alumina slurry valve operator raises and 
lowers the valve stem (to open and close the valve) by driving 
a nut rotationally while the stem is locked against rotation. 
The locking means includes a sleeve keyed to the stem and 
coupled through gears to a no-back drive. Torque sensing 
means sense that the valve seat of the alumina slurry valve 
should be scraped and cleaned. Clutch means are then en 
gaged to utilize the no-back drive to drive the gear train to 
rotate the stem in the same direction and at the same time as 
the nut but at a slightly slower speed of rotation, thereby to 
move the rotating stem very slowly in the downward direction, 
thereby to scrape and clean the valve seat._ In some cases, it 
will be preferable to utilize the no-back drive to drive the gear 
train to rotate the stem in the same direction and at the same 
time and at the same speed as the nut, thereby to rotate the 
stem to scrape the valve seat but without moving the stem 
downwardly. 
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REVERSE LOCKING CLUTCH 

This application is a division of application Ser. No. 
766,518, ?led Oct. 10, 1968, now U.S. Pat. No. 3,505,888 by 
Walter J. Denkowski, entitled Rotary And Linear Dual Mo 
tion Valve Operator. 

FIELD OF THE INVENTION 

This invention relates to valve operators, and particularly to 
operators which move a normally nonrotating stem up and 
down to open and close a valve. 

1. Background of the Invention _ 
Alumina slurry (and other slurries or ?uids of similar 

characteristics) tend to accumulate deposits on the valve 
seats, and unless these deposits are scraped and cleaned, it 
becomes very difficult, if not impossible, to close the valve 
tightly. 

2. Summary of the Invention 
An important object of the present invention is to provide, 

in an otherwise conventional type of valve operator for raising 
and lowering a nonrotatingstem to open and close the valve, 
means which on command rotate the stem to scrape and clean 
the valve seat. ‘ 
A more detailed object of the present invention is to modify 

an otherwise conventional type of valve operator, which raises 
and lowers an externally-threaded nonrotating valve stem, to 
include means which, in response to the closing of a switch or 
the like, will rotate the valve stem to scrape and clean the 
valve seat. In some cases, the stem, during the valve-seat 
cleaning operation, is merely rotated. In other cases, the stem 
is moved slowly downward while being rotated. 
The foregoing objects are accomplished, in accordance with 

a preferred form of the present invention, by the provision of a 
normally-rotating ?rst set of gears which are connected 
through a normally~disengaged clutch to the input member of 
a no-back drive and a second set of gears which connect a 
sleeve which is keyed to the valve stem to the output member 
of the no-back drive. By the latter means, the valve stem, in 
normal operation, is locked against rotation. When the opera 
tor wants to scrape the valve seat, he closes a switch or the like 
to engage the normally-disengaged clutch to couple the nor 
mally-rotating ?rst set of gears to the input member of the no 
back drive to drive the output member and the second set of 
gears. The gear ratios of the two sets of gears are so selected 
that the stem is driven rotationally in the same direction and at 
the same time as the main drive nut but at a speed either equal 
to orlvery slightly slower than the rotational speed of the main 
driveinut, thereby either to merely rotate the stem without any 
axial movement either downward or upward, or to move the 
rotating stern axially downwardly very slowly, thereby in 
either case to scrape and clean the valve seat. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an elevational view, partly in section, showing a 
valve and a valve operator having incorporated therein one 
embodiment of the present invention; ‘ 

FIG. 2 is an enlarged view, in section, of the valve operator 
of FIG. 1; 

FIG. 3 is a sectional view looking down along the line III-III 
of FIG. 2, showing a presently preferred form of reverse 
locking clutch in no-back drive position; 

FIG. 4 is a fragmentary view of the no-back drive clutch of 
FIG. 3 showing the clutch moving toward drive condition; 

FIG. 5 is a sectional view of the no-back drive clutch of FIG. 
3 showing the device in drive condition; 

FIG. 6 is an elevational view, in section, showing another 
form of clutch suitable for use in the present invention; and 

FIG. 7 is a view looking down along the line VII-VII of FIG. 
6. ’ 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There is shown in FIG. 1, a valve body 2, having a valve seat 
3, and a valve-closing element 4 secured to the lower end of an 
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externally-threaded valve stem 10 which is normally driven up 
and down in the direction of its longitudinal axis. without rota 
tion of the stem, by a drive worm l6, worm gear 15, drive 
sleeve 14 and nut 12, as seen more clearly in FIG. 2. The nut 
12 is keyed, as by key 13, to the drive sleeve 14. The drive 
sleeve 14 has a pair of opposed radially extending lugs I14 
spaced 180° apart. The worm gear 15 has a pair of upstanding 
lugs 115 spaced 180° apart, When worm gear 15 is rotated by 
the drive worm 16, the lugs 115 engage, in lug-on-lug engage 
ment, the lugs 114 of the sleeve I4. Thus, drive sleeve 14 is 
driven by the worm gear 15. 

During normal operation, the stem 10 is locked against rota 
tion, by the no-back drive means later to be described. and ac’ 
cordingly rotation of the drive nut 12 (which is held against 
movement in the direction of the stem axis as byjam nut 17 in 
the drive sleeve 14) causes the stem to move axially. In this 
manner, the valve-closing element 4 is raised and lowered 
relative to the valve seat 3. 

In accordance with the present invention, stem 10, during 
normal operation, 'is locked against rotation by a key 45 which 
is ?tted into a keyway 145 in the stem 10. Key 45 is keyed into 
sleeve 43 which is secured, as by key 61, to a gear 42 which is 
in mesh with a pinion 40 mounted for free rotation on the 
shaft 23. Pinion 40 is keyed, as by key 71, to the output 
member 34 of the no-back drive 33, so that unless the no-back 
drive is driven from the input end, the no-back drive prevents 
rotation of member 34, and as this prevents rotation of pinion 
40 and gear 42, rotation of sleeve 43 and stem 10 is prevented. 
This is the situation during normal operation. - 

Also, in accordance with the present invention, the drive 
sleeve 14 is keyed, as by key 51, to a gear 21 located on said 
drive sleeve, and gear 21 is in mesh with a gear 22 mounted on 
and keyed to shaft 23. During operation, shaft 23 is always 
rotating. 

In summary, in normal operation, as is well understood, the 
stem 10 of FIGS. 1 and 2 is raised and lowered by the rotation 
of nut 12, the nut 12 being held ?xed against axial movement. 
The stem 10, as just described, is held fixed against rotation by 
key 45 of sleeve 43, rotation of the sleeve 43 being prevented 
by the reverse locking clutch or no-back drive 33. 
Assume that the valve operator automatically shuts off in 

response to a signal that is generated by a well-known form of 
torque-responsive equipment in response to an increase in 
torque experienced in attempting to close the valve when the 
valve seat has accumulated thereon deposits sufficient to war 
rant a cleaning operation. To scrape and clean the valve seat 
3, using the form of valve operator shown in FIGS. I and 2, the 
operator merely closes a switch (not shown) to energize a 
magnetic clutch 30. Member 31 of clutch 30 is keyed by key 
81 to the shaft 23, and shaft 23, as previously described, is 
?xed to gear 22 and as a result always rotates whenever the 
drive nut 12 is rotated. Thus, 'member 31 of the magnetic 
clutch is always rotating. The plates 36 of the magnetic clutch 
30 are, however, normally not engaged, and thus the output 
member 32 of the magnetic clutch 30 is normally stationary. 
However, when the magnetic clutch 30 is energized, as by the 
switch means referred to above, the plates 36 are brought into 
frictional engagement with each other, and the output 
member 32 of the magnetic clutch 30 is driven rotationally. 
Output member 32 of the magnetic clutch 30 has an integral 

lower or depending portion, identi?ed as 132, which functions 
as the input member to the no-back drive device 33. Details of 
the operation of the no-back drive of FIGS. 1 and 2 will be 
given later. For the moment, it will be suf?cient to point out 
that when the input member 132 of the no-back drive 33 is 
driven rotationally, the output member 34 is also driven rota 
tionally by the clutching rollers 37. Since output member 34 is 
keyed by key 71 to the gear 40 which is mounted for free rota 
tion on shaft 23, and since gear 40 is in mesh with gear 42, 
gear 42 is driven rotationally. And, since gear 42 is keyed by 
key 61 to sleeve 43 and sleeve 43 is keyed by key 45 to the 
stem 10, the stem 1.0 is driven rotationally. 
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In summary, when magnetic clutch 30 is energized, the stem 
10 is driven rotationally by the worm drive I6 through a path 
which may be traced from worm 16 to stem 10 as follows: 
Worm 16, gear 15, drive sleeve I4, gear 21, gear 22, shaft 23, 
magnetic clutch members 31, 36, 32, no-back drive or reverse 
locking clutch members 132, 37 and 34, gear 40, gear 42 and 
sleeve 43. During this same time, nut 12 is rotating with the 
stem 10. 

In accordance with the concept of the present invention, the 
two sets of gears 2I~22 and 42-40, are so designed relative to 
each other, that when these gears are driven by the means just 
described, the stem 10 is rotated in the same direction of rota 
tion as the nut I2, either at the same speed or at a speed just 
slightly slower than the speed of rotation of the nut I2. As a 
result, the stem 10 is either rotated without any downward 
movement, or is rotated while being driven very slowly in the 
downward axial direction, in either case scraping and cleaning 
the valve seat. 

Referring again to the gear sets 21-22 and 40-42, the fol 
lowing is an example of one suitable design for rotating the 
stem while driving it very slowly downward: Each of the gears 
22 and 40 on shaft 23 have 28 teeth. Of the gears on stem I0, 
gear 42 has one more tooth than gear 21. For example, gear 
42 has 117 teeth while 21 has only 116 teeth. Thus, in the 
cleaning phase, gear 21 is rotating at exactly the same rota 
tional speed as nut 12, and gear 40 is rotating at exactly the 
same speed as gear 22, but gear 42 is rotating at a slightly 
slower speed than gear 21. Thus, the stem 10 is rotated at a 
speed just slightly slower than the drive nut 12. The result, as 
previously stated, is to move the stem I0 very slowly in the 
downward direction toward the valve seat 3. If no downward 
movement of stem 10 is desired; gears 42 and 21 will have a 
1:] gear ratio. 
While the reverse-locking clutch 33 illustrated in FIGS. 1 

and 2 represent a new and presently preferred form of no 
back drive, other no-back drive means may be used to accom 
plish the same or similar result. One form of such other means 
is illustrated in FIGS. 6 and 7. 

In FIGS. 6 and 7, parts which are similar to those of FIGS. 1 
and 2 are identi?ed by the same reference numerals. In FIGS. 
6 and 7, drive sleeve 14 may be assumed to be driven by worm 
l6 and worm gear 15 as in FIGS. 1 and 2. Sleeve 14 drives 
gear 21 which is in mesh with and drives gear 62 on shaft 63. 
Gear 62 is mounted for free rotation on shaft 63 and hence 
shaft 63 is stationary. 
Gear 62 is equipped with a pair of 180° spaced-apart up 

standing lugs 64 which, during normal operation, rotate in a 
circular path located below a pair of depending lugs 65 which 
project down from a gear 66 mounted free on shaft 63. Gear 
66 is movable up and down relative to shaft 63, but is normally 
held in raised position by a lever arm 67. Thus, the normally 
rotating lugs 64 are normally clear and not in engagement with 
the lugs 65. 
The means by which the gear 66 is held in the raised posi 

tion illustrated in FIG. 6 are more clearly seen in FIG. 7. A 
generally horizontally disposed lever 67 is mounted for pivotal 
movement on a cross shaft 70 which is supported in the hous 
ing. At the left end of lever 67 is a yoke 68 having a pair of op 
posed inwardly directed pins 69 which are received within an 
annular recess 72 provided in the upper circumferential sur 
face of the gear 66. The right end of the lever 67 is pivotally 
secured by a pivot pin 173 to the vertically disposed piston 
174 of a cylinder 175 supported by the housing on the valve 
operator. 
As seen in FIG. 6, when the piston 174 is extended 

downward, which is its normal position, the lever 67 occupies 
a generally level horizontal position, and the yoke end 68 of 
the lever arm holds the gear 66 in its upper or raised position, 
and the lugs 65 are clear of the rotating lugs 64 of the gear 62. 
To provide the desired no-back drive feature, rotation of 

gear 66 is prevented when in normal raised position, by 
providing the upper end of the gear 66 with a pair of upwardly 
projecting lugs 73 located at 180° spacing which engage, in 
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4 
lug-on-lug engagement, a pair of lugs 74 spaced l80° apart 
and which project downwardly from a hub plate 75 ?xed to 
the under surface of the frame ofthe housing. 

In FIGS. 6 and 7, gear 66 meshes with a gear 42 which is 
keyed to a sleeve 43 which in turn is keyed into a kcyway in 
the stem 10. Thus, gear 42 and sleeve 43 are similar to parts 
bearing the same reference numerals in FIGS. I and 2. 

During normal operation, rotation of stem I0 is prevented 
since gear 66 is locked by lugs 74 and 73 against rotation and 
thus gear 42 cannot rotate. Thus, stem 10 of FIGS. 6 and 7. 
during normal operation, is driven up and down, without rota 
tion of the stem, by rotation of the drive nut. This action is 
similar to that of FIGS. 1 and 2. 
When, through a torque responsive signal or otherwise, it is 

determined that the valve seat should be scraped, the operator 
operates the compressed air or hydraulic supply (not shown) 
to retract piston 174 into the cylinder I75. Lever 67 pivots 
about shaft 70 and yoke end 68 pushes the gear- 66 
downwardly on the shaft 63. Gear 62 remains ?xed axially, but 
is, of course, rotating. The downwardly projecting lugs 65 of 
gear 66 engage the upwardly projecting lugs 64 of the rotating 
gear 62, after the upwardly projecting lugs 73 at the upper end 
of gear 66 disengage from the lugs 74 of hub plate 75. Gear 66 
now rotates. Rotating gear 66 now drives gear 42, which is 
keyed to sleeve 43, which in turn is keyed to stem I0. In this 
way, stem 10 is driven rotationally in the seat cleaning phase. 
As in FIGS. 1 and 2, the gear ratios of the gear sets 21-62 

and 42—66 of FIG. 6 are so selected that gear 2I is driven at 
the same rotational speed as nut 12, and gear 42 is driven at 
the same or at slightly slower speed. The number of teeth on 
the respective gears 21, 62, 42 and 66 may, in fact, be the 
same as for the corresponding gears in FIG. 2, with gears 62 
and 66 having equal number of teeth, and with gear 42 having 
either the same number or one more tooth than gear 21. 
Two forms of reverse-locking clutch or no-back drive have 

been shown and described. Modi?cations to these forms may 
be made without departing from the invention claimed herein. 
For example, the air cylinder 175 in FIG. 6, instead of being 
offset from the axis of shaft 63, may be mounted directly 
above and in alignment with the axis of shaft 63. In that case, 
shaft 63 will be connected directly to the piston 174 of the air 
or hydraulic cylinder I75, and will move up and down. Gear 
66, while mounted for free rotation on shaft 63, will be held in 
?xed axial relation to the shaft 63, as by snap rings at each end 
of the gear, whereby extension and retraction of the piston 
I74 will move the shaft 63 and gear 66 together axially. 

Instead of using the magnetic clutch 30 to control the novel 
type of no-back drive shown in FIG. 2, (the detailsof which 
will be described below) the magnetic clutch 30 could be used 
to control a known form of reverse-locking clutch, one such 
form being known as a Form-lock Over-Running Clutch, a 
product of Form Sprag Co. 
The particular form of no-back drive shown in FIG. 2 is 

novel and the details thereof are shown in FIGS. 3—5.~Sur 
rounding shaft 23, for free rotation relative thereto, is an input 
member I32 which is the lower integral portion of- the output 
member 32 of magnetic clutch 30. When not being driven 
rotationally by the magnetic clutch, the lugs 232 of the input 
member 132 are spring loaded by spring 38, against sides 234 
of output drive sleeve 34, to the angular position shown in 
FIG. 3. When member 132 is in this position, the two opposed 
recesses 39 are facing solid portions of the slotted upper por 
tion of output member 34. v 
The upper portion of output member 34 is provided with a 

first pair of opposed slots 92 for receiving the radially project 
ing lugs 232 of the input member I32. Output member 34 is 
also provided with a second pair of opposed slots 95, each of 
which has therein a pair of rollers 37. The sum of the diame 
ters of the two rollers of each pair of rollers is greater than the 
length of the slot 95 so that a portion of one roller or the other 
must project radially beyond the member 34, the projecting 
portion being either radially outward as in FIG. 3, or radially 
inward as in FIG. 5. An outer ring member 35, ?xed against 
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rotation in the housing member 98, as by key 96, is provided 
'on its interior surface with a pair of oppositely disposed 
recesses 99,twhich, during normal operation, receive the pro 
jecting portion of the outer roller, thereby preventing rotation 
of output member 34. 

It will be seen then Lhat during normal operation, with the 
component parts of the no-back drive positioned as in FIG. 3, 
the output shaft 34 cannot be rotated in either direction by 
torque forces applied thereto by gear 40. Thus, so long as the 
input member 1320f the no-back drive remains in its loaded 
or biased position, the no-back'drive prevents rotation of the 
stem 10 in either direction in response to any torque forces 
which may be applied to the stem. . 

Consider now what happens when the magnetic clutch 30 is 
energized. Since shaft 23 is rotating, input member 132 of the 
no-back drive is now driven. It will be assumed that when 
input member 132 is driven clockwise, as viewed in FIG. 3, the 
nut 12 is being driven in a direction to move stem 10 
downwardly to close the valve. When member 132 moves 
clockwise, its radially projecting lugs 232, upon reaching the 
edge of the slot 92, engage the output member 34, as indicated 
in FIG. 4. When this occurs, the recesses 39 of the input 
member have come into radial alignment with the slots 95 
containing the. rollers 37, and ‘also in alignment with the 
recesses 99 in the fixed ring 35. Due to the inclined slope of 
the sidewalls of the recesses 99, a reaction force is applied 
against the rollers 37 whichtends to move the rollers radially 
inward, as indicated in FIG. 4, ahd since recesses 39 are now 
aligned with slots 95, the rollers 37 move radially inward. This 
releases the locking engagement with ring 35 and allows out 
put member 34 to be moved clockwise by the input member 
132, as indicated in FIG. 5, and thereafter output member 34 
continues to be rotated along with input member 132, during 
the valve-seat grinding operation. 
The particular no-back drive 33 illustrated and just 

described, is a one-way device in that output member 34 is 
capable of being driven by rotation of input member 132 in 
one direction only, clockwise in the illustrated embodiment. 
The above is not a disadvantage insofar as the alumina slur 

ry valve is concerned, since grinding of the valve requires one— 
direction rotation only of the stem. It is to be noted, moreover, 
that the reverse-locking feature of the no-back drive 33 is two 
way. That is to say, the output member 34 is locked against 
rotation in either direction from torque forces impressed 
thereon from the load stem. . 
The particular reverse-‘locking clutch or no-back drive 33 il 

lustrated and described herein has some loss motion or 
backlash, but this is not important to the use of the clutch 
described herdh. The advantages of the new clutch 33 include 

' the fact-that it requires very little torque to unlock the no-back 
drive, in comparison with the locking force involved. 

Hereinabove, in describing the form of grinding or cleaning 
voperation of the valve seat, in which the stem is moved slowly 
toward the valve seat, it was pointed out that the gear set 
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21-22 of FIG. 1 (or 2l--62 of FIG. 6) which connects the 
drive input to the input member of the reverse-locking clutch 
33 has a gear ratio similar to but slightly different from that of 
the gear set 42-40 of FIG. 1 (or 42-66 of FIG. 6). While the 
corresponding gears of the two gear sets are of equal diame 
ters, and while the number of teeth 'on one pair of correspond 
ing gears are equal, the number of teeth on the other pair of 
corresponding gears are unequal but only by a small dif 
ference. For example, the small gears may have the same 
number of teeth but the large gear 42 of the second set may 
have one more tooth than the large gear 21 of the ?rst set. 
While this is the preferred arrangement, so far as the broad 
concept of the invention is concerned, the difference in gear 
ratio may be accomplished by giving one of the smaller gears a 
different number of teeth than the other of the smaller gears, 
with the larger gears of the respective sets having the same 
number of gears. It was indicatedpreviously herein that the 
need for grinding the valve seat may be signalled by a shutting’ 
off of the_ motor drive circuit of the valve operator in response} 
to excessive torque forces developed when the valve operator 
attempts to close the valve. The torque sensitive device for 
shutting off the valve operator may be a torque limit switch of 
the type shown in US. Pat. No. 2.] MD l 3 granted Apr. 12. 
1938 to Russel C. Ball. 

I claim: ,_ . 

l. A reverse-locking clutch comprising: 
a. a housing; , 

b. a shaft within said housing; 
c. input and output members mounted concentrically on; 

said shaft; - 
d. said input member being within said output member. said 

output member being adjacent said housing; 
c. said output member having a plurality of radial slots ex 

tending therethrough; 
f. a plurality of roller clutching elements within each of said 

slots; ' 
g. the sum of the diameters of said roller clutching elements 

exceed the length of the slot, whereby a portion of one of 
the roller elements projects beyond the output member in 
either an inward or outward radial direction; 

h. a plurality of camming recesses provided at spaced loca_ 
tions in the surface of said housing adjacent said output 
member; 

i. a plurality of camming recesses provided at spaced loca 
tions in the outer surface of said input member; 

j. said input member containing a plurality of lugs extending 
radially outward for engaging said output member when 
said input member is driven'rotationally; and 

k. spring-loaded means normally biasing said input member 
in such angular position relative to said output member 
that said camming recesses in the exterior surface of said 
input member are out of alignment with the slots in said 
output member. 


