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ABSTRACT 
 
New methods have been introduced over the last decade to improve powder mix handling in the 
manufacture of PM molded near net shape parts.  Current technology for charging a press is 
simple gravity flow from hoppers (usually mass flow) or bags.  Die filling is accomplished by 
moving a feeder box over die cavity (usually with shaking action).  The box is replenished by a 
flexible hose extending down from the hopper overhead.  A few innovative designs using 
compressed air have received some attention, but have not seen widespread application. 
The work captured in this study will evaluate and use of vacuum transfer (currently used by our 
raw material suppliers) in conjunction with a rotary powder valve and directional nozzle over the 
die cavity.  This method will eliminate overhead bulk handling and increase homogeneity of mix 
at the point of delivery caused by turbulent flow through flexible hose. 
 
INTRODUCTION 
 
The method presented here uses the simplest mechanical means, a smooth tube declining to the 
delivery point.  The conical end controls and guides the flow of particulate material through a 
directional nozzle to the intended point of use.  Angle of repose and flow characteristics for each 
material effect flow.  If this method appears so simple, why was it not employed sooner?  The 
answer lies in a paradigm that the shoe-box is sufficient and anything with moving parts 
becomes a liability.  This paper will show that the shoe-box has many problems, enough to 
launch major studies by academia in the USA, Europe, and Japan to study the various 
characteristics of flow from a shoe to a die cavity.  The new device is simple, durable, and 
inexpensive to operate. 
 
We will reference an effort named, “Engineering the Green State”, involving seven Universities 
submitted in December of 2002, with major follow up in May of 2004.  Their work defines “The 
flow of powder into simple and stepped dies” with terminology like pile formation, Beverloo 
equation, nose flow, bulk flow, and critical shoe speed by material morphology.  Air entrapment, 
air escapement, and powder layering effects are captured with the use of clear die cavities and 
high-speed photography.  The rotary powder feeder or RPF can help. 
 
BACKGROUND 
 
Major problems with current delivery systems include lifting, horizontal transport, and excessive 
contact with unintended surfaces.  Our valuable materials travel a roundabout path to end up 
where we need them, undisturbed in the die cavity.  We lift them high overhead because they do 
not flow well horizontally through flexible hoses.  Compressed air pneumatics assistance 
introduces moisture and contamination source.  The standard shoe must be shaken to completely 
fill die volume, drags material across die surfaces creating a rolling action for additives like 
lubricants, and must be held down with great pressure to scrape contents not needed in a cycle 
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without streaking.  Powder continually enters through an inlet hose whether material is called for 
or not.  This pressure requires compliant seal material to avoid leaking.  Sealed supply pushes 
out, especially where gaps exist like those found around clamp rings, collets, and bolt holes.  
Where possible, hardened wear-plates have been employed to minimize these disruptions.  When 
tool changes are required, the open bottom must be held closed while wear plates are removed in 
order to remove and replace dies, lower punches, core pins, and all lower adaptors and motion 
mechanisms.  If flow could be stopped and head pressure controlled, these efforts would be made 
quicker and easier. 
 
Another paramount concern is bridging of powder in dies and hoppers [fig 2 from Powder 
Technology 134 (2003) 24-39].  As depicted here, powder masses do not flow well horizontally.  
Polished finishes, steep angles, impact, vibration, impellers, rakes, and compressed air have all 
been used to improve this situation.  Mass flow works well as long as delivery is vertical.  As 
soon 
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as an angle is introduced, the radial wall pressure becomes unbalanced across the sectional flow 
and begins to cause minor variation.  Those radial wall pressures become much more significant 
when higher friction surfaces, like those in a flexible hose, are contacting the powder mass.  The 
inward gradient of pressure of mass flow has a small effect on the cross-sectional density, while 
the high friction hose and sharp turns make the near laminar flow of the straight, vertical, 
polished pipe to a turbulent chaos and intermittent feed.  The apparent density of the powder in 
the shoe varies based on material segregation, variable packing pressure at the inlet, and high 
drag forces and scraping pressures of the shoe walls.  Even if these variables were eliminated, the 
dynamics of powder falling into the die and over punches of various heights and gaps presents a 
new challenge.  Notice in the figure below [fig 12 from Powder Technology 134 (2003) 24-39] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
air that is trapped by the shoe may break out by developing a chimney or remain trapped.  
Variable heights and narrow gaps provide a wide range of possible problems.  Studies at the 
University of Leicester consider “the effects of shoe design, shoe kinematics, die geometry, 
powder characteristics, lower punch kinematics, and the interaction of powder flow into air flow 
out of the die…” as key variables.  Poor flowing nanoscale powders with tendency to 
agglomerate are of particular interest in studies at Loughborough University, while powders with 
conventional sizes are being studied at the University of Birmingham. 
 
Lastly, the fluidized filling has shown promise in countering some of the physics mentioned 
above.  Matsys reports weight control up to four times better than what can be achieved 
components tested for specific applications along side a conventional shoe.  The benefits of 
shoes other than the conventional box are documented in the available literature. 
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OBJECTIVES OF THE WORK AND THE DEVICE 
 
With these challenges in mind, we set out to develop a unit that would deliver particulate 
material to the point of use as directly as possible, hopefully from floor level.  Also, we want a 
simple method to deliver material while allowing for the escape of air from the die cavity and 
eliminating the need for shaking.  It is not our intention to pre-measure or pre-weigh material for 
delivery; however, we do want to reduce the amount of the material where feasible (and amount 
of powder pressure) that comes in contact with the die surface.  Finally, another goal was to 
minimize segregation and re-homogenize, to some small degree, while horizontally moving 
material to clear interference of tooling situated over the die (typical with cyclically fed 
production machines like molding presses). 
 
The concept begins with understanding the effects of friction.  All prior designs have tried to 
reduce friction between the material being delivered and the constraining walls that direct its 
path.  This design uses gravity and friction as the means of conveyance.  The action of rotating a 
declining cylinder works with the physics of the contained mass.  As illustrated in the solid 
model below, powder poured vertically against a stationary level surface mounds or piles up in 
the shape of an inverted cone according to a characteristic known as its Angle of Repose.  When 
powder is poured into a sloped tube, the bottom surface is constrained by the cylindrical surface 
while the top follows gravity and particle-to-particle friction like the freestanding pile.  
[SolidEdge image by Author (Bud) Jones] 
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THE DEVICE – ACTION, SENSING, RESPONSE, AND FEATURES 
 
As the tube rotates, local sections of powder in the mass increase in slope beyond the Angle of 
Repose.  These sections avalanche and end in a forward position.  A cone-shaped reducer at the 
exit directs the flow and allows the powder mass to quickly lock when rotation stops.  As 
rotation resumes the material pours from the reducer orifice. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RPF showing small amount of loose sand remains in the nozzle & Powder Not Present sensor 
 
 
The next feature is the control of flow.  This is a simple “Supply on Demand” circuit.  A sensor 
is mounted in the directing nozzle (insert made to match the profile of the die) that sends a signal 
when two conditions are met; Shoe Extended and Powder Not Present.  When the unit stops over 
the die opening and the powder remaining in the nozzle from the last cycle drops (recommended 
to time the lower tooling to drop away with supply in place to reduce amount of air escaping), 
the sensor is not satisfied, the gear motor turns, and the tube rotates delivering powder.  This 
action may be so fast that the sensor is satisfied (stopping the motor) more than once in a fill 
cycle.  When the rotary powder feeder or RPF sweeps back after filling, a small amount of loose 
powder remains in the nozzle (see Figure above).  Whether the Powder Not Present sensor is 
satisfied or not, no rotation will be permitted by the circuit because the Shoe Extended will no 
longer be satisfied.  This small residual amount of powder assures a level wipe with the top of 
the die to control precise volume.  This powder has no pressure vertically except for 
atmospheric, as the nozzle diverges at the top.   
 
Falling sections roll into each other, redistributing the relative position of the particles in the 
powder mass.  Slight re-blending occurs.  This is particularly useful when the supply disturbs the 
blended mix before reaching the delivery point, which is always to case unless the blended 
material was perfectly mass flowed into the cylinder. 
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Three photos show result of red sand followed by blue sand followed by yellow sand. 
Notice that the later sand spills forward of previous, as part of the re-blending action. 

 
 
THE CONSTRUCTION 
 
An adjustable base plate is constructed to enable quick mounting to three hydraulic molding 
presses from 125 ton to 750 ton capability.  A finished metal tube is inserted in the machined 
cast reducer.  That assembly is mounted into one simple ball bearing.  The miniature gear-motor 
drive is mounted to the bearing housing.  The bearing housing is mounted to the base-plate with 
a pivot to allow various angle and adjustment options.  The nozzle is replaceable to 
accommodate different size openings.  A simple inlet-pipe is fastened with bearing, but future 
design may use a vertical inlet pipe rigidly mounted to the base to provide mass flow into 
cylinder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CAD drawing of the first prototype in sectional side view by Bill Burnett 
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Front View as viewed from front of press – Large Insert for 4 pound part installed 

 
Aluminum base plate makes the unit easy to lift and carry.  Prototype unit is battery operated.  
Press ready model will use a 12 Volt power supply.  At 3-inch diameter and 12 inches long, the 
prototype tube resembles a thermos bottle. 
 
 
Four pound round filled quickly and evenly from bottom to top, just like the half pound part.
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Bronze bar rounds were produced on our 250-ton press shown below.  The unit was supplied by 
hand as the final system construct was incomplete.  Fill of 12 inches was accomplished in about 

 
one second.  Appearance was outstanding.  Weight variation was low even during a cold start-up 
condition.  Long time operators became believers that this unit is viable. 
 
 
THE CONTROL 
 
This design features a 4 input / 4 relay output embedded PLC control with removable non-
erasable EPROM chip.  The PLC gives the feeder flexibility to be programmed to suit many 
needs from timed functions to press control interfacing at a low cost.  The system utilizes a 
12mm adjustable capacitive proximity switch, so it is able to detect any material from ceramics 
to metal powders.  A 12mm capacitive proximity switch is also mounted in the fill hopper to 
control powder being supplied from (vacuum) powder delivery system.  This system has all 
12VDC components making it very safe.  The system can be provided with an adjustable speed 
potentiometer to control motor speed (lockable setting).    Courtesy of Adam J. Herzing of 
Abacus Industrial Technologies, Inc. 
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PERFORMANCE DATA 
 
12 Volt hobby gear-motor plus 4:1 reduction via a Rubber O-ring drive transmission 
Speed of unit empty and full pot was 54 RPM.  When continuously fed with metal powder 
through a plastic funnel, that speed reduced to 24 RPM.  Additional rates were measured at ¾ pot 
around 17 RPM.  Samples were gathered while replenishing funnel hopper that introduced some 
manual error, but data supports high delivery rates observed.  The data for 10 second and 5 
second samples is found below.  Deliver rates of 350 grams per second were achieved with 
Bronze powder.  This is equivalent to over 875 grams in one full rotation at full speed.  At 17-
RPM Stainless Steel powder ran 64% the rate of Bronze (136 vs. 212 grams per second), while 
Hall Flow indicated 89% (32 vs. 36 seconds)… funnel starved unit if filled to the top due to 
bridging. 
 

Bronze 16.5 RPM 
 

A.D = 3.27 g/cc Flow=32 sec/50g 
 

Time 
(seconds) 

Weight 
(grams) 

RPM Flow (g/sec) 
 

5 1044 16.5 208.8  
5 1040 16.5 208  
5 1089 16.5 217.8  
5 1098 16.5 219.6  
5 1044 16.5 208.8  

   212.6 Average 
  3% 5.61 Std. Deviation 
Sample of rate study data by Bill Burnett 
 
 
 
POTENTIALS AND FUTURE WORK PLANNED 
 
Potential applications for this technique include deep fills, thin sections, gear teeth, splines, 
keyways, poor flowing powders, non-flowing powders, speed for filling large intricate sections, 
composite materials requiring additional mixing before entering the die, and high value powders 
requiring minimal waste. 
 
We believe that several opportunities exist for this simple technology in the Powder Metal 
industry and elsewhere.  Our next steps will be to associate with others in our industry that are 
studying die filling, as well as pursue current practical applications.  Data will be collected and 
reported in our continuing work. 
 
We also will make additional “production” units to address difficult fill issues that we will utilize 
on several Symmco molding presses, enhancing our current capabilities. 
 
CONCLUSIONS 
 
Current research shows a desire to understand and improve flow of particulate materials in 
controlled volumes.  Pneumatic systems alone fall short in uniform delivery across openings and 
introduce sources of moisture and foreign material.  A clean, simple transport of precious 
material is desired. 
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Simple rotation and gravity are reliable.  Excessive handling causes variation in powder and 
should be avoided.  This method provides a means for more material to go directly to the point of 
use without dragging it across any unintended or undesired surfaces.  A streamline path from 
source to destination adds care to our one raw material. 
 
Potential satellite solutions may stem from this “Outside of the Box” thinking.  Precious particles 
can be maintained in cylindrical vessels that can be transported directly to a drive mechanism 
and emptied directly.  The objective is to only keep the value added portion of any material 
handling system and consider everything else waste. 
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