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VARIABLE OPENING SLIDE GATE FOR 9 . Loss of resin material from or at the supply so that only 
REGULATING MATERIAL FLOW INTO air is being pulled by the vacuum pump , thereby 

AIRSTREAM reducing system vacuum levels and reducing overall 
design throughput . 

CROSS - REFERENCE TO RELATED PATENT 5 10 . Loading sequence , or priority , when multiple receiver 
APPLICATION stations call for material to be supplied to the process 

machines , either molding presses or extrudes . 
This patent application claims the benefit of the priority 11 . Detecting problems and alarm conditions . 

under 35 USC 119 and 35 USC 120 of provisional U . S . 12 . Proper air to material ratio for resin conveying by the 
patent application Ser . No . 62 / 108 , 122 filed 27 Jan . 2015 in vacuum pump . 
the names of Stephen B . Maguire and James Zinski . The 13 . Detecting plugged material flow lines due to poor 
disclosure of ’ 122 application is hereby incorporated by resin flow or over feeding of resin material . 
reference . 14 . Dust condition and filter requirements . 

15 . Reliability . 
BACKGROUND OF THE INVENTION 16 . Serviceability . 

17 . Ease of use . 
The Technology 18 . Cost 

19 . Vacuum pump type , namely positive displacement , 
The plastics industry is very diversified ; there are thou - 20 regenerative , and others . 

sands of different products , hundreds of materials , and 20 . Vacuum pump horsepower and rated CFM capacity as 
dozens of processes , and all are very different from one well as vacuum levels . 
another . The only thing all these share in common is that the In all of these areas , system designers look to find 
source material is some type of plastic . improved methods and solutions whenever possible . 

Equipment sold to this industry is , therefore , very diver - 25 One of the most important considerations in a pneumatic 
sified in design . Plastics factories have multiple process conveying system is to maintain a correct velocity for the 
machines , sometimes several hundred in one location . Vir - conveyed resin material . The type of resin material dictates 
tually all plastics fabricating operations require that each the target conveying speed . To maximize the resin material 
process machine , namely a molding press or an extruder , be transfer rate , a high conveying speed is preferred , and air 
supplied automatically with the required raw resin material 30 speed in any case must be sufficient to keep the resin pellets 
on a continuous basis . This resin may be supplied in large suspended and moving in the air stream . But velocity must 
boxes called “ Gaylords ” in fiber drums , in 50 pound bags , or be limited so as not to damage the pellets . Hard , brittle 
more typically may be delivered by bulk truck or rail car , pellets can fracture and break when conveyed , resulting in 

ad in hu11 , inte excessive dust . with the resin material then being transferred in bulk into 35 Softer pellets can skid along the conduit walls , causing storage silos . In all cases the resin material must be further 
distributed throughout the plant to each and every process “ angel hair ” as a result of the plastic resin melting at the 

point of high speed contact with the conduit wall ; this leaves machine . For that reason a great deal of design and capital a thin “ angel hair ” film on the wall . As a result , strings of expense is devoted to the automatic distribution of the raw very thin “ angel hair ” accumulate , effectively reducing 
resin material throughout the plant . 40 diameter of the conduit and causing problems in the system . 

These resin distribution systems , which are typically Air speed and resin conveying velocity are directly related 
pneumatic systems with material flow being in an airstream to vacuum pump capacity ( rated Cubic Feet per Minute or 
drawn by a vacuum pump , more commonly referred to as “ CFM ” ) and horsepower , as well as the material conveying 
" loading systems ” , must deal with many variables . One set line diameter . There is always a correct velocity " range " for 
of variables includes the type , shape , size and consistency of 45 each type of resin material . It is a design challenge to assure 
the granular plastic resin material . that resin material is conveyed within the correct velocity 

Plastic resin pellets , nominally about 1 / 8 inch in maximum range . 
cross - section , come in various shapes , with round , square , Conveying distances affect system design . Conveying 
and cylindrical being the most common . over short distances requires a less powerful vacuum source 

Flowing resin powder is also an option , and very fine but 50 than over longer distances . Systems are generally sized to 
free flowing resin pellets and other granular materials may produce the best compromise for material velocity between 
be conveyed as well , the shortest and longest conveying distance . 

The design variables to be considered for each customer Required conveying rate usually dictates line size ( con 

include : duit diameter ) , and this in turn dictates the CFM required to 
55 maintain correct velocity in a given diameter conduit . This 1 . Type of resin being conveyed . means different conduit sizes in the same system can be a 2 . Size and consistency of the resin pellets . problem if one vacuum pump is to draw air and resin 3 . Distances the resin pellets are to be conveyed . through several different diameter conveying lines . Pumps 4 . Variability of these distances from shortest to longest . have known CFM ratings . Pulling air through a small 

5 . Acceptable range for velocity of resin material travel 60 conduit will result in higher velocity flow than pulling the 
through the lines . same CFM through a larger conduit . 6 . Throughput rate of resin required for each process The type of vacuum pump to be selected is important . 
machine . Regenerative blowers deliver wide ranging CFM depending 

7 . Total throughput rate of resin for the entire plant . on vacuum level . Positive displacement type pumps deliver 
8 . Excess capacity performance margin so a molding or 65 high vacuum levels , and have a flatter CFM curve over their 

extrusion process is not interrupted by short term vacuum range . Regenerative blowers are quieter and gen 
loading issues . erally cost less . Positive displacement blowers may require 
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sound enclosures and tend to cost more , but are generally extending from a second side of the piston out of a second 
more reliable and more forgiving as respecting dust in the end of the cylinder . A slide gate is connected to the " active " 
air . piston rod . The slide gate is positioned between a discharge 

The simplest systems use a fixed speed motor to drive the opening in a hopper and an opening in the conveying 
vacuum pump , and a single size conveying line to serve all 5 conduit . 
receivers regardless of distance , rate requirement , or mate Desirably the active piston rod is aligned with the axis of 
rial . the cylinder . 

VFD ( Variable Frequency Drive ) motors allow vacuum The slide gate desirably comprises a housing and a blade , 
pumps to operate at different speeds , and therefore at dif - with the housing having upper and lower openings that are 
ferent CFM rates , with the vacuum pump pulling different 10 preferably at least somewhat aligned . The blade is desirably 
vacuum levels depending on preset information about each moveable , preferably slidably , within the housing from a 
receiver being served , and / or making adjustments based on position at which communication between the upper and 
real time feedback of vacuum sensors located at various lower openings is blocked by the blade and a position at 
places in the system . which the upper and lower openings are in communication 

The addition of a SCFM ( Standard Cubic Feet per Min - 15 one with another due to the blade being retracted . The blade 
ute ) air flow limiter in the air flow line allows oversized is desirably positionable at any location between the opening 
vacuum pumps to be used without risk of conveying at blocking position and the opening communicating position ; 
excessive velocity . SCFM limiters restrict air flow to a preset the blade is positionable at a continuum of positions between 
rate . This maintains the desired CFM air flow at the inlet to the blocking and opening positions . 
the conveying system , which is critical for proper conveying 20 In another one of its aspects , this invention provides 
for a given size conveying line . apparatus for delivering variably controlled amounts of 

Reading vacuum levels at various points tells the control - granular resin material into a conveying conduit . The appa 
ling processor if the line is open , which means only air and ratus desirably includes a hopper for storing the resin and an 
no material is present and air is flowing unrestrictedly . This air cylinder , with a double - ended piston resident within the 
signals a loss of material at the source . A high vacuum 25 air cylinder . The piston moves within the air cylinder in 
reading indicates a plugged or nearly plugged line . Normal response to differential air pressures on either side of the 
conditions are present where material is flowing correctly at piston . A passive piston rod extends from a first side of the 
detected mid - vacuum levels . piston out of one end of the cylinder . An active piston rod 
One line size for all receivers assures the resin transport extends from a second side of the piston out of the second 

velocity is more likely to be in the acceptable range . 30 end of the cylinder . A slide gate is connected to the active 
However , most processes require the base resin material to piston rod . The slide gate is positioned between a discharge 
be delivered at fifty ( 50 ) times the rate of additives , such as opening of the hopper and an opening in the resin conveying 
color concentrate . Virgin ( or natural ) resin pellets may have conduit . 
to be loaded at a rate of 1000 pounds per hour , requiring a Desirably the active piston rod is aligned with the axis of 
2 . 5 or 3 inch line size , while colorant material is only 35 the cylinder . Also desirably the passive piston rod is aligned 
required to be delivered at a rate of 20 to 40 pounds an hour . with the axis of the cylinder . 
A smaller receiver is used for colorant material , namely a The slide gate desirably includes a housing and a blade , 
first receiver that loads perhaps 5 pounds at a time , while a with the housing having upper and lower openings that are 
second receiver for the virgin resin material will be larger , aligned . The blade is desirably moveable within the housing 
perhaps loading 50 pounds of granular resin material for 40 from a position at which communication between the upper 
each loading cycle . A 2 . 5 inch line on such a 5 pound and lower openings is blocked and a position at which the 
receiver would be too large . 1 . 5 inch line would be standard , upper and lower openings are in communication one with 
and the use of 1 . 0 inch resin conveying line would be better . another . The blade is desirably positionable at any location 
But this risks velocities that are excessive resulting in between the opening blocking position and the opening 
trade - offs in design . 45 communication position . 

By placing an air flow limiter at the vacuum pump suction In yet another one of its aspects , this invention provides 
intake , one can limit the maximum CFM ( Cubic Feet per a method for supplying controlled amounts of granular resin 
Minute ) air flow to the design limit of the air flow limiter material to a conveying conduit for vacuum or pneumatic 
device such as that disclosed and claimed in pending U . S . conveyance of the granular material through the conveying 
patent application Ser . No . 14 / 185 , 016 published as US 50 conduit . In this method aspect of the invention , a hopper is 
2015 / 0232287 - A1 on 20 Aug . 2015 , issued as U . S . Pat . No . provided for storage of granular plastic resin material 
9 , 371 , 198 on 21 Jun . 2016 . therein . A double - ended air cylinder is provided having a 

piston moveably disposed within the double - ended air cyl 
SUMMARY OF THE INVENTION inder . Piston rods extend from opposite sides of the piston 

55 through opposite ends of the cylinder . 
In one of its aspects , this invention provides apparatus for In this method aspect of the invention , a slide gate is 

delivering variably controlled amounts of granular plastic further provided and positioned between an outlet of the 
resin material into a pneumatic conveying conduit . In this hopper and an inlet to the conveying conduit . The hopper is 
manifestation of the invention , the apparatus may include a elevated relative to the conduit for gravity - induced granular 
hopper for storing the resin , and an air cylinder with a 60 plastic resin flow downwardly out of the hopper to the 
double - ended piston being located within the air cylinder . conveying conduit . The invention proceeds with connection 
The double - ended piston is moveable within this air cylinder of a moveable portion of the slide gate to one of the piston 
in response to differential air pressures on either side of the rods and thereafter further proceeds in applying differential 
piston . air pressure to opposite sides of the piston to move the piston 

This implementation of the invention desirably includes a 65 and the slide portion of the slide gate to vary the amount of 
“ passive " piston rod extending from a first side of the piston granular resin material flowing from the hopper into the 
out of one end of the cylinder and an “ active ” piston rod conveying conduit . 
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In yet another one of its aspects , this invention provides the piston - cylinder actuating solenoid valve “ on ” time so the 
a method for supplying controlled amounts of granular resin slide gate opens the same amount , consistently with each 
material to a conveying conduit for vacuum or pneumatic cycle . 
conveyance of the granular resin material through the con This invention further relates to any controlled opening 
veying conduit . The method begins with providing a hopper 5 valve , to modulate resin material flow rate into a conveying 
for storage of granular resin material therein . The method air stream . The amount of opening of the slide gate may be 
proceeds by providing a double - ended air cylinder having a altered in real time , during a resin material load cycle , or on 
piston moveably disposed therein . Next the method pro a load cycle by load cycle basis , with each load cycle 
ceeds by providing piston rods extending from opposite opening being corrected based on previous load cycle 
sides of the piston through opposite ends of the cylinder . The Controlled slide gate opening at the resin material pick - up method proceeds with providing a slide gate positioned point serves to adjust the air - resin material ratio based on between an outlet of the hopper and an inlet to the conveying feedback from vacuum sensing devices . conduit . The method further proceeds by connecting a ecling The invention preferably employs a cylinder that is bal 
movable portion of the slide gate to one of the piston rods 15 anced . Specifically the cylinder has a shaft coming out each 
and concludes by applying differential pressure , desirably end of the cylinder , from either side of the piston within the 
air pressure , to opposite sides of the piston to move the cylinder , so that the piston will not move when equal air 
piston and a slide portion of the slide gate to vary the amount pressure is applied to each side of the piston , from opposite 
of granular resin material flowing from the hopper into the ends of the cylinder . 
conveying conduit . 20 Conventionally , an air cylinder has a rod coming out of 

one end , and that “ rod ” side of the piston does not have the 
DESCRIPTION OF THE DRAWINGS same area and hence does not exert the same force when 

equal air pressures are applied to both sides of the piston ) as 
FIG . 1 is a schematic drawing illustrating apparatus the other side of the piston that has no rod . The piston side 

manifesting aspects of the invention and showing the path of 25 with no rod , having more effective area , where equal air 
air or vacuum through a conduit as the air or vacuum carries pressures are applied to both sides of the piston will push 
resin material to a desired destination . with more force than the side with the rod . 

FIG . 2 is an engineering drawing of an implementation of The solution provided by this invention is to have a 
apparatus manifesting aspects of the invention . second rod coming out of the back of the cylinder so that 

FIG . 3 is an elevation view , in section , of the apparatus 30 both sides of the piston have rods , and therefore both sides 
illustrated in FIG . 2 showing positioning of the slide gate of the piston have equal surface area and therefore experi 
and double ended piston portions of the invention with the ence equal pressures and exert equal forces when equal air 

pressures are applied to both sides of the piston . slide gate in a closed position . 
FIG . 4 is , similarly to FIG . 3 , an elevation view , in The invention preferably further involves placement of 

35 flow control valves on each input port of the cylinder , with section , of the apparatus illustrated in FIG . 2 showing the ports being located on opposite sides of the piston , and positioning of the slide gate and double ended piston por 
tions of the invention with the slide gate in an open position . then supplying air to each port through two separate sole 

noid valves . In the normal “ at rest " position , the normally 
FIG . 5 is a schematic drawing , similar to FIG . 1 , illus open ports of the solenoid valves supply full air pressure to 

trating alternative valves and control aspects of the inven - 40 each end of the cylinder . To move the piston , the invention 
tion . actuates one solenoid valve , allowing one end of the cylinder 

to exhaust . A flow control valve allows the exhausting air to DESCRIPTION OF THIS INVENTION escape slowly and the piston moves slowly in that direction . 
The moving piston allows forces in the cylinder to remain 

In pneumatic and vacuum powered resin conveying sys - 45 balanced . If the flow control valve is closed at any time , the 
tems , one of the most critical functions is the delivery of piston will stop and hold at that position . 
granular resin into the moving air stream at a controlled rate . The process desirably starts with the slide gate closed . No 
If the rate of delivery is too fast , the air stream will not be resin material is flowing . The vacuum pump starts and full 
able to move the resin and the resin will collect below the conveying air is flowing , directly below the slide gate , 
entry point into the air stream . If the rate of delivery is too 50 though the conveying conduit . The controller , based on 
slow , insufficient resin will be carried to the required desti - previous results , powers the correct flow control valve for a 
nation with possible damage occurring to the granular resin precise time period that is intended to allow the slide gate to 
pellets during such conveyance , especially if the conveying open the exact amount to provide the ideal air - resin material 
speed is too high . mix for maximum conveying . 

This invention uses a balanced air cylinder and careful 55 There is preferably always a vacuum gauge at the vacuum 
timing to open a slide gate valve a specific distance to pump inlet , with the vacuum pump powering the resin 
introduce resin into a pneumatic or vacuum conveying conveying system and drawing the required vacuum in the 
conduit and then to hold the valve at that position if desired conveying conduit . If a vacuum gauge reading is too high , 
or to move the slide gate if desired to change the rate of this indicates the line is plugged or close to being plugged , 
delivery of resin to the conveying conduit . Feedback may be 60 which means resin material is being fed into the air stream 
used to dynamically change the position of the slide gate to at too high a rate . If the vacuum gauge reading is too low , 
adjust the rate of delivery of the granular resin material to this indicates too much air is flowing and not enough resin 
the connecting conduit . material is flowing , indicating that the slide gate did not 

In a system that operates cyclically , the lowest cost open far enough . 
method to repeatedly open a valve such as a slide gate to a 65 In the first case , where too much resin material is flowing , 
desired position is to restrict the exit air flow on the actuating the invention preferably closes the slide gate right away and 
cylinder connected to the slide gate and to accurately time then reopens the slide gate to a more restricted position . 
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In the second case where resin material flow is insuffi 26 through which granular resin material may flow down 
cient , the invention desirably pulses the slide gate a little wardly from a hopper , not shown , positioned above slide 
more to open the slide gate further . In all cases the invention , gate housing 26 . A ramp 32 within housing 26 is positioned 
specifically a microprocessor controlling the valves , needs to force downwardly flowing granular resin material into a 
to allow sufficient time to see the results of the corrections 5 longitudinal opening , not shown , in conduit 22 . The longi 
before further adjusting the slide gate . tudinal opening extends , desirably , the length of slide gate Referring to FIG . 1 , a double ended cylinder 10 includes housing 26 in the direction of movement of piston 12 . In a piston 12 resident therewithin . There are two piston rods FIG . 3 , piston 12 is at a position at which slide gate 20 is associated with piston 12 . An active piston rod 14 extends closed with slide gate blade 24 occluding opening 30 , out of cylinder 10 and connects piston 12 with a slide gate 10 thereby precluding flow of any granular material down 20 . A passive piston rod 16 extends from the other side of wardly out of a hopper , which would be mounted above slide piston 12 , in the opposition direction and out of cylinder 10 , 
as illustrated . With two piston rods 14 , 16 , one rod 14 being gate housing 26 , into conduit 22 . 

FIG . 4 illustrates slide gate 20 in an open position thereby active and used to actuate slide gate 20 and the other piston 
rod 16 being passive , control of piston 12 , either pneumati - 15 permiting down elmati . 15 permitting downward flow of granular resin material 
cally or hydraulically , can be very precise , since each side of through opening 30 , contacting ramp 32 and flowing down 
piston 12 has the same area exposed to pressurized air or wardly further into conduit 22 . In FIG . 4 , slide gate blade 24 
other fluid . As a result , a small change in pressure on either has been moved to a fully retracted position thereby per 
side of piston 12 causes piston 12 to move in a desired mitting maximum downward flow of granular resin material 
direction . 20 through opening 30 . 

In FIG . 1 , a pair of valves , one for each side of double - By application of small differential pressures to either side 
ended cylinder 10 on either side of piston 12 , are provided of piston 12 , piston 12 can be moved slowly or rapidly very 
and designated 34 . Valves 34 receive pressurized fluid from small distances thereby to move slide gate blade 24 slowly 
a reservoir or other supply , not shown , via a pressurized fluid or rapidly very small distances and thereby permit accurate 
supply line 38 . Various types of valves may be used for 25 metering of downward flow of granular resin material out of 
valves 34 so long as the valves used can be tightly controlled a hopper 18 and into a conduit 22 . 
as to their operation and input of pressurized fluid , desirably Referring to FIG . 5 , double - ended cylinder 10 is illus 
air but also possibly a liquid such as oil , into either side of trated together with double - ended piston 12 , active piston 
double - ended cylinder 10 to move piston 12 in accordance rod 14 , and passive piston rod 16 . A hopper 18 contains 
with the invention . Controls for valves 34 are not illustrated 30 granular plastic resin material or other granular material 
in FIG . 1 , but are understood to be present . therein for feeding downwardly into a conduit or other Slide gate 20 is positioned below a hopper 18 in which receptacle . A slide gate 20 , includes a slide gate blade 24 and resin material to be conveyed resides . Slide gate 20 includes a slide gate housing , and is positioned between the down a slide gate blade 24 resident within a slide gate housing 26 . 
When slide gate blade 24 is retracted due to movement of 35 5 ward outlet of hopper 18 and a conduit 22 , to which granular 
piston 12 to the left in FIG . 1 , slide gate 20 opens , thereby plastic resin material or other granular material is to be fed 
211 wing additional resin material to flow downwardly out of from hopper 18 into conduit 22 in a controlled manner . 
hopper 18 and into conduit 22 . Conduit 22 has air flowing Active piston rod 14 is connected , preferably rigidly , to 
therethrough as indicated by arrow “ A ” in FIG . 1 . The air slide gate blade 24 as illustrated in FIG . 5 . Valves 34 supply 
may be at positive pressure in pneumatically driven resin 40 fluid , desirably air , under pressure and are furnished with 
delivery systems or , more desirably , be at a slight negative that fluid via pressurized fluid supply line 38 , which leads 
pressure in vacuum driven resin delivery systems . downwardly to valves 34 from a reservoir 36 . A conduit 40 

Resin falling from hopper 18 through slide gate 20 falls supplies the required fluid if the fluid is liquid , such as oil , 
into conduit 22 , where the moving air picks up the resin and to reservoir 36 . 
carries it in a direction indicated by arrow “ B ” as an air - resin 45 Valves 34 are connected to and controlled by a micro 
mixture . Very small changes in pressure on either side of processor 42 . The lines connecting valves 34 to micropro 
piston 12 serve to move piston 12 slowly and in the case of cessor 42 are not numbered to enhance the clarity of the 
slight pressure difference on either side of piston 12 , piston drawing . Any suitable signal carrying lines could be used to 
12 moves only a very small distance . This allows very connect valves 34 to microprocessor 42 . 
precise control of the position of slide gate blade 24 , which 50 Further illustrated schematically in FIG . 5 are control 
thereby controls the size of the opening in slide gate 20 valves 44 positioned at either end of double - ended cylinder 
through which the resin falling downwardly must pass . This 10 and in communication with the interior of double - ended 
results in ultrafine control of the amount of resin introduced cylinder 10 . Control valves 44 are actuated and controlled on 
into conduit 22 for conveyance therethrough by the air a continuous basis by microprocessor 42 . Control valves 44 
moving through conduit 22 . 55 regulate and change pressures on either side of double - ended 
FIGS . 2 , 3 and 4 show a possible engineering implemen - piston 12 as required to move double - ended piston 12 and 

tation of apparatus embodying the invention . In these Fig - then to retain double - ended piston 12 in a given position , 
ures , parts corresponding to those shown only schematically thereby moving slide gate blade 24 through a continuum of 
in FIG . 1 have been correspondingly numbered . positions , thereby facilitating extremely tight and precise 

In FIG . 2 , slide gate housing 26 encloses slide gate blade 60 control of the downward flow of granular resin or other 
24 . A cylinder 10 extends from one end of housing 26 . A granular material from hopper 18 into conduit 22 . 
passive piston rod 16 extends from cylinder 10 as indicated In FIG . 5 , conduit 22 has been depicted as a resin 
in FIG . 2 . Conduit 22 enters and exits slide gate housing 26 , conveying conduit in which air at below atmospheric pres 
as is readily apparent from FIG . 2 . sure is drawn through conduit 22 via a vacuum pump not 

FIG . 3 , being a vertical section of the apparatus illustrated 65 shown in the direction indicated by arrow A . The rapidly 
in FIG . 2 , shows slide gate 20 in a closed position with slide moving air drawn by the vacuum created by the vacuum 
gate blade 24 occluding an opening 30 in slide gate housing pump picks up granular resin that has passed through the 
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slide gate and carries that granular resin material onward as d ) a passive piston rod extending horizontally from a first 
indicated by arrow B and the legend “ air - resin mixture ” in side of the piston out of one end of the cylinder ; 
FIG . 5 . e ) an active piston rod extending horizontally from a 

In one manifestation of the invention , valves 34 are second side of the piston out of a second end of the 
solenoid actuated valves operating in response to micropro - 5 cylinder : 
cessor 42 , allowing pressurized air supplied through line 38 f ) the active and passive piston rods being of the same 
to contact either side of piston 12 within double - ended diameter and axially aligned ; 
cylinder 10 . If the pressure is equal on each side of double g ) a slide gate assembly comprising a housing and a ended piston 12 , double - ended piston 12 does not move . If horizontally and transversely elongated blade there movement of piston 12 is desired , microprocessor 42 , 10 within , the slide gate housing being connected to the according to preprogrammed instructions , may open one of hopper outlet intermediate the discharge opening and control valves 44 to move double - ended piston 12 in a the horizontal section of the conveyance conduit ; the desired direction to change the position of slide gate blade slide gate housing having a vertical passageway there 24 . 
When the combination of the double - ended piston , the 15 through aligned with the hopper outlet ; the slide gate 

slide gate and the hopper are used in large and / or sophisti blade being connected to the active piston rod ; the slide 
cated resin material supply systems , feedback signals gen gate blade residing in the slide gate housing between 
erated by flow sensors , and / or by granular material weight the hopper discharge opening and the conduit and being 
sensors , and / or by vacuum level sensors , may be provided to movable horizontally within the housing responsively 
microprocessor 42 whereupon microprocessor 42 works to 20 to the piston along a continuum of positions between a 
regulate operation of double - ended cylinder 10 via control first extremity at which the slide gate housing vertical 
valves 44 , thereby to provide granular resin material through passageway is occluded by the slide gate blade so that 
conduit 22 at a rate that is adjusted according to dynamic no granular resin material can flow downward from the 
operating conditions of the material supply system . hopper outlet through the vertical passageway and a 

The foregoing description of the specific embodiments of 25 second extremity at which the slide gate housing ver 
this invention fully reveals the general nature of the inven tical passageway is open and granular resin material 
tion such that others of skill in the art , by applying current can flow freely downwardly through the vertical pas knowledge , may readily modify and / or adapt for various sageway . applications the specific embodiments working from the 2 . A method for continuously supplying controlled 
generic concepts and , therefore , such adaptations and modi - 30 amounts of granular resin material to a horizontal section of fications should be and are intended to be comprehended as a pneumatic conveyance conduit for continuous pneumatic being within the meaning and range of equivalents of the conveyance of the granular resin material through the con disclosed embodiments and attached claims . duit , comprising : It is to be understood that the phraseology or terminology 
employed herein is for the purpose of description and not of 35 26 4 a ) providing a hopper for storage of the granular resin 
limitation . material therein , the hopper having a discharge opening 

It is further to be understood that the term " comprising ” leading vertically downwardly to an outlet at the hop 
as used in the claims means “ including but not limited to . " per bottom for gravity induced downward flow of 
Any use of the term “ consisting of ” should be understood granular resin material out of the hopper into the 

to mean including only the recited elements ; the term 40 horizontal section of the pneumatic conveyance con 
“ consisting of ” is not used in the claims as currently filed . duit ; 

Finally , while the preferred embodiments of the invention b ) providing a double ended cylinder ; 
have been disclosed as set forth above in terms adequate to c ) positioning a piston within the cylinder , the piston 
enable anyone skilled in the art to practice the invention , it being movable within the cylinder in response to dif 
is to be understood that the scope of the invention is defined 45 ferential pressure on either side of the piston ; 
by the claims that are appended hereto , and by equivalents d ) pressurizing the cylinder with pressure on either side of 
thereof that perform the same function in the same way to the piston ; 
achieve the same result as the claims herein . e ) providing a first piston rod extending from one side of 
We claim the following : the piston slidably through an end of the cylinder facing 

the portion of the piston from which the passive piston 
We claim the following : rod extends ; 
1 . Apparatus for continuously vertically delivering vari - f ) providing a second piston rod extending from an 

ably controlled amounts of granular resin material into a opposite side of the piston slideably through a second 
horizontal conduit carrying moving air for continuous pneu end of the cylinder , the piston rods being of the same 
matic conveyance of the granular resin material , comprising : 55 diameter and being axially aligned ; 

a ) a hopper for storing the granular resin material , the g ) providing a slide gate assembly consisting of a slide 
hopper comprising a discharge opening leading verti gate housing and a slide gate blade positioned in the 
cally downwardly to an outlet at the hopper bottom for slide gate housing , the slide gate housing connecting to 
vertically downward flow of granular resin material out the hopper outlet intermediate the discharge opening 
of the hopper a horizontal section of the pneumatic 60 and the conveyance conduit ; the slide gate housing 
conveyance conduit , the outlet communicating with the having a vertical passageway therethrough aligned with 
horizontal section of the pneumatic conveyance con the hopper outlet , the slide gate blade being movable 
duit ; continuously between a piston position blocking down 

b ) a horizontally oriented double ended air cylinder ; ward granular resin material flow from the hopper 
c ) a piston within the air cylinder , the piston moving 65 outlet and a position removed from the hopper outlet 
horizontally within the cylinder in response to differ thereby permitting downward granular resin material 
ential pressures on either side of the piston ; flow from the outlet ; the slide gate blade residing 

50 



US 10 , 179 , 696 B2 
11 

30 

slideably in the slide gate housing between the hopper 7 . The method of claim 3 wherein the physical parameter 
discharge opening and the pneumatic conveyance con sensor is selected from the group consisting of flow sensors , 
duit ; granular material weight sensors , and vacuum level sensors . 

h ) connecting the slide gate blade to one of the piston 8 . A method for continuously supplying controlled 
rods ; 5 amounts of granular resin material from a pneumatic con 

i ) moving the piston by adjusting differential pressure veyance conduit for pneumatic conveyance of the granular 
thereon until the piston reaches a position resulting in resin material through the conduit , comprising : 
the desired flow rate of granular resin material out of a ) providing a storage hopper having the granular resin 

material therein with a discharge opening at the hopper the hopper through the slide gate and into the convey 
10 ance conduit ; and bottom for downward flow of granular resin material 

out of the hopper and a valve at the discharge opening j ) regulating the flow of granular resin material in the for controlling downward granular resin material flow conveyance conduit through adjusting position of the from the hopper ; piston by adjusting differential pressure on the piston b ) providing a double ended air cylinder ; 
surfaces in response to feedback signals indicative of te c ) positioning a piston within the air cylinder , the piston dynamic granular resin material flow in the conveyance being movable within the cylinder in response to dif 
conduit . ferential pressure on either side of the piston ; 

3 . Apparatus for continuously delivering variably con d ) providing piston rods extending from opposite sides of 
trolled amounts of granular resin material to a conduit for the piston slideably through opposite ends of the cyl 
pneumatic conveyance of the granular resin material there - 20 inder ; 
through , comprising : e ) the piston rods being of the same diameter ; 

a ) a hopper for storing the granular resin material , having f ) connecting the valve to one of the piston rods ; 
an outlet at the hopper bottom for downward flow of g ) applying first differential pressures on either side of the 
granular resin material downwardly out of the hopper piston ; 
into the conduit ; 25 h ) moving the piston by adjusting differential first pres 

b ) a supply of pressurized fluid ; sures thereon until the piston reaches a position result 
c ) an double ended cylinder ; ing in the desired flow rate of granular resin material 
d ) a piston within the cylinder , the piston moving within out of the hopper ; 

the cylinder in response to differential pressure on i ) continuously regulating flow of granular resin material 
either side of the piston ; out of the hopper through continuously adjusting posi 

e ) first valves in the cylinder , one valve on either side of tion of the piston by continuously adjusting differential 
the piston , each connected to the fluid supply for pressures on the piston surfaces by exhausting fluid 
furnishing pressurized fluid to the cylinder interior on from the cylinder in response to at least one feedback 
opposite sides of the piston ; signal indicative of condition of granular resin material 

f ) control valves in the cylinder , one control valve on 35 flow out of the hopper . 
either side of the piston , for exhausting pressurized 9 . In apparatus for delivering granular resin material 
fluid from the respective sides of the cylinder to atmo - vertically downwardly out of a hopper into a horizontal 
sphere ; conduit for pneumatic conveyance of granular resin material 

g ) a first piston rod extending from a first side of the piston therethrough , the hopper having a slide gate valve having a 
through one end of the cylinder ; 40 housing , a horizontally elongated blade therewithin , and a 

h ) a second piston rod extending from a second side of the pneumatic piston - cylinder combination connected to the 
piston through a second end of the cylinder ; valve for blocking or permitting the granular resin material 

i ) the piston rods being of common diameter ; downward flow out of the hopper outlet and through a 
j ) a slide gate having a housing and a flat , horizontally passageway in the slide gate valve according to position of 

elongated blade therewithin , the slide gate connecting 45 the piston moving within the cylinder , the cylinder being a 
to the hopper and being positioned intermediate the double ended cylinder having the piston within the cylinder 
hopper outlet and the conduit ; the slide gate having a in response to differential pressure on either side of the 
horizontal passageway therethrough aligned with the piston , the cylinder including first and second piston rods of 
hopper outlet ; the slide gate blade connecting with one common diameter extending from respective sides of the 
of the piston rods , residing between the hopper outlet 50 piston through ends of the cylinder ; the slide gate valve 
and the conduit , and being movable responsively to the being connected to the hopper and positioned below the 
piston to regulate the size of the passageway through hopper outlet , with the passageway through the slide gate 
the slide gate ; and valve being aligned with the hopper outlet , the slide gate 

k ) a microprocessor connected to the first valves , to the valve blade being connected with one of the piston rods ; the 
control valves , and to at least one physical parameter 55 slide gate valve blade residing below the hopper outlet and 
sensor connected to the hopper , for regulating granular being moveable horizontally responsively to the piston to 
resin material flow out of the hopper , through the slide regulate the size of the passageway through the slide gate , 
gate and into the conveying conduit by positioning the the horizontal conduit being continuously open for pneu 
piston connected to the slide gate in response to dif - matic conveyance of granular resin material therethrough 
ferential pressure on the piston by adjusting the control 60 regardless of piston position within the cylinder , the 
valves to exhaust to atmosphere in response to signal improvement comprising : 
from the sensor . a ) a sensor connected to the hopper for detecting level of 

4 . The method of claim 2 where the differential pressures granular resin material therein ; 
on the piston surfaces are adjusted by exhausting fluid from b ) control valves in the cylinder , one control valve on 
the cylinder . either side of the piston , for relieving pressurized fluid 

5 . The method of claim 2 wherein the fluid is air . out of the cylinder from respective sides of the piston ; 
6 . The method of claim 2 wherein the fluid is oil . 

65 

and , 
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c ) a microprocessor connected to control valves , and ing therethrough for pneumatic conveyance of the granular 
connected to the sensor , for regulating granular resin resin material through the conduit , the hopper having a valve 
material flow downwardly out of the hopper outlet in a downwardly opening outlet from the storage hopper and 
through the slide gate passageway by continuously a double ended piston - cylinder combination resident in the 
positioning the piston connected to the slide gate to 5 cylinder , a piston of the piston - cylinder combination being 
continuously regulate the size of the slide gate passage connected to the valve , the method including positioning the way by controlling differential pressure on the piston piston within the air cylinder in response to differential 
through adjustment of the control valves in response to pressure on either side of the piston with common diameter signal from the sensor . piston rods extending from opposite sides of the piston 10 . In a method for continuously supplying controlled 10 slideably through opposite ends of the cylinder ; amounts of granular resin material from a storage hopper to 

a pneumatic conveyance conduit having an airstream flow the improvement comprising : 
ing therethrough for pneumatic conveyance of the granular a ) moving the piston horizontally by adjusting differ 
resin material through the conduit , the hopper having a valve ential pressure on the piston until the piston reaches 
in a downwardly opening outlet from the storage hopper and 15 a position resulting in the desired flow rate of granu 
a double ended piston - cylinder combination resident in the lar resin material downwardly out of the hopper into 
cylinder , a piston of the piston - cylinder combination being the horizontal pneumatic conveyance conduit ; and 
connected to the valve , the method including positioning the b ) regulating downward flow of granular resin material piston within the air cylinder in response to differential out of the hopper into the pneumatic conveyance pressure on either side of the piston with common diameter 20 conduit through adjusting position of the piston by 
piston rods extending from opposite sides of the piston adjusting differential pressures on the piston in slideably through opposite ends of the cylinder ; response to at least one signal indicative of status of the improvement comprising : granular resin material conveyance in the conduit . a ) moving the piston horizontally by adjusting differ 

ential pressure on either side of the piston until the 25 12 . The improved method of claim 10 wherein piston 
piston reaches a position resulting in the desired flow position is adjusted continuously by adjusting differential 
rate of granular resin material downwardly out of the pressures on at least one surface of the piston . 
hopper into the pneumatic conveyance conduit ; and 13 . The improved method of claim 10 wherein piston 

b ) continuously regulating downward flow of granular position is adjusted continuously by adjusting differential 
resin material out of the hopper into the horizontal 30 pressures on both surfaces of the piston . 
pneumatic conveyance conduit through adjusting 14 . The improved method of claim 11 wherein piston 

ston by adjusting differential pres - position is adjusted by continuously adjusting differential 
sures on the piston in response to at least one pressures on at least one surface of the piston . feedback signal indicative of status of granular resin 
material flow out of the hopper . 35 15 . The improved method of claim 11 wherein piston 

11 . In a method for continuously supplying controlled position is adjusted continuously by adjusting differential 
amounts of granular resin material from a storage hopper to pressures on both surfaces of the piston . 
a pneumatic conveyance conduit having an airstream flow * * * * 


