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FIGURE 1 comprises an elevational view, partly in 

section, of the valve construction of this invention: 
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FIGURE 2 is a vertical sectional view taken about 
the line 2-2 of FIGURE 1: 

FIGURE 3 is a plan view taken about the line 3-3 
of FIGURE 1; 
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ABSTRACT OF THE DISCLOSURE 

A valve for regulating the flow of materials which 

FIGURE 4 is a horizontal sectional view taken about 
the line 4-4 of FIGURE 1; 

FIGURE 5 is a horizontal view taken about the line 
10 5-5 of FIGURE 1; 

FIGURE 6 comprises a vertical sectional view of an 
alternative form of the invention; and, 

are made up of a substantial portion of m2gnetic particles. 
The valve includes an outer member and an assembly 
consisting of a permanent magnet and an electrical coil, 15 
this assembly providing a core member with a flow 
through passage being provided by spaces defined between 

FIGURE 7 is a horizontal sectional view taken about 
the line 7-7 of FIGURE 6. 

The valve construction of this invention generally com-
prises a flow through passage defined between spaced. 
apalt wal! portions of the valve. A permanent magnet 
is associated with the valve adjacent at least one of the 
walls whereby magnetic particles which pass through the 

the core member and the interior wall of the outer memo 
ber. Means are provided for energizing the coil and for 
varying the input to the coil to vary the influence of 
the magnet on the particles and thereby regulate the flow 
of the material through the valve. 

This invention relates to an improved valve construc· 
tion. The invention is particularly directed to a valve 
construction which can be effectively employed for 
modulating the flow of materials which are composed of 
a substantial portion of magnetic particles. 

There are various applications which require the feed· 
ing or other movement of materials in particle form. 
In certain instances, it is desirable to prmide means for 
regulating the flow of the particles whereby the feeding 
rate can be controlled. Materials in par..ide form have 
characteristics similar to fluids whereby valves can be 
employed for regulating flow. Problems "rise, however, 
since solid particles have a greater tendency toward 
clogging or otherwise disrupting valve operations whereby 
high maintenance and replacement costs result. Such 
difficulties arise particularly where the particles are 
abrasive in character. 

This invention is particularly concerned with means 
for modulating the flow of particles which have magnetic 
characteristics. The construction of this invention is 
ideally suited for use in conjunction with constructions 
which employ abrasives for the cleaning of metal surfaces 
or the like. Various abrasives, such as shot. are magnetic 
in character, and it is highly desirable to provide suitable 
flow regulating means for such materials b,:cause of their 
abrasive characteristics. In considering the following 
description, it will be appreciated that the yalvcs desl.:'ribed 
can readily be employed for other applications, not neces· 
sarily involving the handling of abrasive cleaning 
materials. 

It is the general object of this invention to provide 
an improved valve construction which can be employed 
for regulating the flow of particles which comprise a 
substantial portion of magnetic particles. 

It is a more particular object of this invention to pro­
vide a valve construction of the type described which is 
characterized by a design which substantially reduces rna!. 
functioning of the valve and which elimbates the need 
for frequent repair and replacement. 

It is a still further object of this invention to provide 
a valve design which is particularly suitable for use in 
conjunction with constructions which en:ploy abrasive 
materials for use in the cleaning of metal surfaces and 
the like. 

These and other objects of this invention will appear 
hereinafter and for purposes of illustration, but not of 
limitation, specific embodiments of this invention are 
shown in the accompanying drawings in which: 

20 flow through passage are adapted to be attracted by the 
magnet. 

An electrical coil is also associated with the valve. 
This coil is located in proximity with the magnet whereby 
an energization of the coil will influence the magnetic 

25 field produced by the magnet. Means are provided for 
varying the input to the coil so that corresponding varia­
tions in the action of the magnet can be realized. The 
system is preferably designed so that the effective mag­
netic field can vary from a condition which will prevent 

30 the passage of the abrasive material to a condition which 
will provide virtually free flow of the material. 

The accompanying drawings illustrate a valve 10 char­
acterized by the features of this invention. This valve 
is adapted to be associated with an abrasive cleaning 

35 machine whereby abrasive particles can be fed into the 
inlet end 12 of the valve and out of the outlet end 14. 
In one contemplated application of the invention, the 
valves are employed for feeding centrifugal wheels. In 
such an instance, the valve is mounted in association 

40 with the wheel housing, and the centrifugal blades engage 
abrasive 'passing through the outlet 14 for throwing of 
the abrasive onto articles to be cleaned. The valve of 
this invention is intended to replace valves which have 
previously been employed in conjunction with such abra-

45 sive cleaning machines, and the mounting of the instant 
valves in association with such machines is essentially 
the same as in the case of 'previously used valves. 

The valve is formed by means of a pair of outer sec­
tions 16 and 18. The respectiVe sections include flange 

50 members 20 defining openings 22 whereby the respective 
sections can be mounted in a desired position. Each of 
the sections also includes flange members 24. These 
flange members each define openings 26 whereby fasteners 
28 can be utilized for securing the respective sections to-

55 gether. 
Extending inwardly from the section 16 are a pair of 

wings 30 which are integrally formed with It conically 
shaped cap member 32. The ends of these wings 30 are 
shaped whereby they interfit with the inclined interior 

60 surface 34 of section 16. A similar conically shaped cap 
member 36 is provided with wings 38, and this arrange­
ment is located near the outlet end of the section 18. 

'Located intermediate the cap members 32 and 36 is the 
magnet and coil assembly of this invention. This assem- . 

65 bly includes pole pieces 40 and 42 which can be cemented 
or otherwise secured to the respective cap members. 
Permanent magnets in the shape of discs 46 are located 
in stacked relationship between the pole pieces 40 and 42. 

70 An electrical coil preferably in the form of an elongated 
wire is wound around the magnets and pole pieces to form 
the cylindrical arrangement 48. An annular passage SO 
provides the flow through passage for the construction. 
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- A bore 52 is defined by one of the wing members 30, 
and an opening 54 is located at the juncture of the cylindri­
cal members 14 and 18 for communication ;,;,ith the bore 
52. Passage 56 extends from the bore 52 !,} passage 58 
formed in the pole piece 40. This arrangelli~rrt provides 5 
for the connection of electrical leads 59 to the coil 48. 
Both 1ead~ S9 may pass through the des~r:-;,<!d passages. 
. In (he operation of the described constr_-ction, ma(e­

rial is passed into the inlet 12 and through the passage 
50. If the valve is to provide for essentially free flow of 10 
the particles, the electrical coil 48 is cnergize~ to the extent 
necessary for offsetting the inflLence of t~ permanent 
magnets 46. With this arrangem~nt, substantiilly free flow 
of the particles can be accomplished. 

When the flow of particles is to be retardeJ, the energi- 15 
zation is varied by the necessary amount to achieve a 
reduction in flow rate. Obviously, the flow of particles 
can be substantially stopped by de-energizing the electrical 
coil provided permanent magnets of the nccesiary strength 
are employed. It will be appreciated that st0;Jping of the 20 
flow may not be necessary for some appli;;a:ions. 

The valve construction described can be utilized in 
conjunction with materials which comprise a substant:al 
portion of particles adapted to be attracted by magnetic 
forces. The invention contemplates the hanGling of mix- 2.3 
tures of magnetic and nonmagnetic mater'..l]s, particu­
larly where the dominant portion of the materials is mag­
netic and will influence the flow rate of ail me materials. 

The vu]ve will function even when the 1!'.2jor portion 
of the material is non-magnetic and a minvr portion is 30 
magnetic. In such case, it will have a slightly slower re­
sponse to changes in magnetic field. For example, if a 
mixture of 40 percent magnetic steel shot ad 60 percent 
sand, by volume, was passing through the valve at full 
flow rate, the coil could be partially de-energized such that 33 
the permanent magnets will attract the magnetic purticles 
in the mixture and restrict the opening in tbe valve, thus 
reducing the flow of both magnetic and oon-magnetic 
material through the valve. When the coil "'as fully de­
energized, still more magnetic particles would. be attracted 40 
to the permanent magnet with the sand momentarily pass-
ing through the valve, but with more oncoming magnetic 
particles being quickly attracted by the magnet, almost 
instantaneous blocking of the entire passage within the 
valve by the magnetic particles will result 112d thus pre- 45 
vent flow of the non-magnetic particles through the valve. 

One contemplated application of the invention com­
prises the use of the described constructions as abrasive 
control valves for a machine such as described in United 
States Patent No. 3,188,776. In such constn:.:tions, two 50 
or more multiple centrifugal wheels cperate in tandem, 
and in some instances. shot is used in one se..-tion of the 
construction and grit ill another. Depending uron the type 
of material to be cleaned, different amounts of shot and 
grit are employed for providing optimum ck4l1ing. With 55 
the valves of this invention, the abrasive !low for any 
given section can be automatically regulatd depending 
upon the grade of steel being cleaned. Vadations can 
also easily be made once an operation has befun. The use 

4 
back without being completcly stopped. For example, there 
may be insufficient steel for cleaning over a given period of 
time; however, a steady flow may be desired and, there-
fore, temporary operation at half line speed and at half 
the rate of abrasive flow is undertaken. The valves of this 
invention readily permit such an arrangement. 

The electrical coil is preferably energized from a DC 
source. In such an instance, modulation of the flow can 
be efficiently accomplished since a plot of voltage against 
abrasive flow becomes practically a straight line functionl 

In one particular form of the invention. seven perma­
nent magnets formed of Indox 5 and magnetized to fuil 
strength are stacked. The diameter of the magnets was 
2.38 inches, the total length of the stack was 2.506 inches 
with an air gap 50 between the magnets and the housing 
18 of one inch. An electrical coil formed of No. 23 gauge 
ML copper wire with a wire coating epoxy capable of 
withstanding temperatures to 357 0 F. was associated with 
the magnets. The leads were 12 inches minimum length 
and of lO-gauge Teflon type E insulated wire. The coil 
power rating was 175 watts plus or minus 10 percent w;th 
a coil resistanct! of 45 ohms. 

The pole piece extensions 40 and 42 serve a very useful 
purpose in the construction. These extensions add ap­
proximately Il1.t inches to each end of the magnets, and 
they permit the use of a smaller diameter coil for pur-
poses of neutralizing the magnetization of the permanent 
m;lgnets. The use of a larger cnil compressed into the 
length of the permanent magnets would require a sub­
stantially greater voltage for achieving the same results, 
and excessive heat would be developed in the coils which 
could cause them to burn out. 

The conicaliy shaped cap members 32 and 36 also 
serve a very useful purpose in th ~ construction. They 
streamline the abrasive ftow through the valve and most 
important, (hey can be made of abrasion-resistant, non-
magnetic and good heat conducting material. Preferarly, 
the cap members comprise a cast mixture of !'ine sized 
silicon carbide and epoxy cement so that they protect the 
pole piece extensions 40 and 42 from wear, and they dis­
sipate heat away from the electric coils by transferring 
the heat (0 the abrasive flowing over the caps. 

The construction shown in FIGURES 6 and 7 com­
prises an alternative form of the invention. This arrange­
mellt inc;udes a cylindrical section 70 defining a flow 
through passage 72. Upper and lower fianges 74 can be 
utilized for securing the cylinder 70 in the manner pre­
viously described. 

Pole pieces 76 extend into the flow through passage 
t!>rough openings 78 in the walls of the cylinder 70. The 
pole pieces ae interconnected by means of a bar 80, 
and this bar comprises a permanent magnet whereby the 
pole pieces will attract abrasive particles in accordance 
with the previous description. The cylinder 70 is prefera-
bly formed of a non-magnetic stainless steel whereby it 
will have no direct influence on the magnetic character-
istics of the system. 

An electromagnetic coil 82 is wrapped around the 
permanent magnet 80, and the electrical leads 84 provide 
for encrgiz~ti0n of the coil. This alternative arrangernent 
is, thus, adapted to operate in a manner similar to the 

of these valves is quite important from the s::mdpoint of 60 
initial machine dedgn since the machine can oe provided 
with enough wheels and enough [,orsepower :n cach sec­
tion to mF.et all possible variations. The gjyen sections 
can then be readily operated at desired speeds for a given 
job. 

In some instances, wide strip is cleaned by- applying 
abrasive from three or more wheels which ar<! located in 
side-by-side relationship for covering the entire width of 

above described arrang-ement. The coil 82 will influence 
the permanent magnet characteristics to the exttnt that 
the pole pieces 76 can act as valve means for regulating 

65 the flow of abrasive particles through the cylinder 70. 

the stccl. Since such strips may vary in degr.:e of scale 
thickness or scale toughness at different IO:02.tions, such 70 
as the edges as contrasted to the middle, it is highly de­
sirable to have reliable valve means for ap;lying abra­
sives at different rates to ditferer,t areas of ti:e steel sur­
face. The valve means are also ideally suited for situa­
tions wherein the operation of a particular line is cut 75 

This alternative arrangement is particularly useful 
where hot particleS arc passing through the valve. Heat 
build-up around the electromagnetic coil can be avoided 
when this coil is located outside the passage. Hot steel 
abrasives are handled, for example, during their manu­
facture, where it is desired to take hot abrasive after 
they have passed through a drier and control the flow 
over airwash separators to remove slag and other debris 
prior to heat treating. The alternative form of this inven-
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tion finds use in such systems as well as in other systems 
involving a variety of different operations. 

A silicon control DC rectifier varying the DC voltage 
between 0 and 95 volts is preferably employed with con­
structions of the type described above. This arrangement 
or anv conventional rectifier is utilized in conjuT'.ction with 
an or'dinary 110 volt AC line current. With an arrange­
ment of this type, steel shot will flow when the voltage 
exceeds about 20 volts and wiII increase to a maximum 
at a voltage of about 95 volts with the magnetization 
being sufficiently neutralized at this point 50 that it no 
longer retards the flow of magnetic parti~les. 

The following table provides an illustration of typical 
flow rates in a system of the type described: 

6 
are in particle form and which comprise a substantial 
portion of magnetic particles, said valve comprising an 
ouler member defining a flow-through passage, a perman­
ent magnet associated with s"id valve adjacent at least 

5 one wall thereof, said magnet being adapted to attract 
said particles and to thert-by impede movement of the 
particles through the passage, an electrical coil, 'said mag­
net and said coil comprising an assembly forming a core 
member disposed within the ~onfines of said outer mem-

10 ber with said passage comprising a space defined between 
said core member and said outer member, means for 
energizing said coil, and means for varying the input 
to said coil for thereby 'varying the influence of said mag-
net on said particles. 

Volts DC Pounds per minute abrasive flow 15 2. A valve in accordance with claim 1 wherein the as­
sembly comprising said core member includes .said mag­
net in an internal portion with said coil surrounding said 
magnet. 

to coil: round steel shot 0.0 I ¢o 0.02" dia. 20 ____________________________________ 0 
25 ____________________________________ 792 
35 ____________________________________ 1515 
45 ____________________________________ 1962 
55 ____________________________________ 2610 
65 ____________________________________ 3129 
75 ____________________________________ 3651 
85 ____________________________________ 4011 
95 ____________________________________ 4077 

The valve constructions of this inver-tion are character­
ized by various advantages When compared with con­
ventional valves employed for similar purposes. The con­
structions do not utilize moving parts and, therefore, bits 
of abrasive will not cause binding or malfunctions in the 
valves. The arrangements are compact whereby they can 
be readily incorporated in various machines. The size and 
elimination of moving parts makes tbe arrangements ex­
tremely inexpensive and easy to install. 

A more uniform and accurate regulation or proportion­
ing of the abrasive flow is possible \\ ith this valve than 
with conventional abrasive flow valves. Since the abrasil'~ 
flow can be stopped when the current is shut off, the valve 
constructions are essentially fail safe. Thus, any accid­
ental loss in line current will shut off abrasive flow. 

3. A valve in accordance with claim 2 including cap 
20 members cov~ring the ends of said core member and 

wings associated with said cap members extending out­
wardly toward the interior walls of said outer member, 
said wings interconnecting said core member and said 
walls for supporting the core member within the outer 

25 member. 
4. A valve in accordance with claim 3 including a bore 

defined in at least one of said wings, an opening in said 
outer member communicating said bore with the exterior 
of said valve, and leads from said coil extending through 

30 said bore and out of said opening to provide an electrical 
connection for said coil. 

5. A valve in accordance with claim 2 including pole 
piece extensions located at the opposite ends of said mag­
net, and wherein said coil extends beyond said magnet 

35 and over said extensions. 
6. A valve in accordance with claim 2 wherein said 

magnet is formed of a plurality of separate discs arranged 
in stacked relationship, and wherein said coil comprises 
a continuous length of wire wound in a plurality of turns 

40 around said stacked discs. 

The valve constructions do not develop magnetic force 
outside of the valve housing and, therefore, abrasive 
dust is not attracted to the valve area. It is also to be 
noted that the abrasives flowing through the valve do 45 
not retain any significant residual magnetism. If any small 
amount of magnetism is picked up, it is lost during impact 
after the abrasive is thrown by the centrifugal wheel 
"gainst the work. 

1,747,044 
2,154,843 
2,160,697 
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2,505,049 
2,651,258 
2,670,749 
2,820,471 
3,010,471 
3,188,776 
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