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UNITED STATES PATENT OFFICE . 
2,538,760 

METHOD AND APPARATUS FOR CON 
TROLLING MAGNETICALLY WIBRATED 
SCREENS 

Hugh E. Brown, Cleveland Heights, and Stewart 
M. Grant, Bay Willage, Ohio, assignors to The 
W. S. Tyler Company, Cleveland, Ohio, a cor 
poration of Ohio 

Application December 16, 1947, Serial No. 792,111 
(C. 318-132) 9. Claims. 

1. 
The present invention relates to a magnetically 

operated vibrator for a screening machine and 
a method of control therefor. 

Heretofore screens for screening materials 
have been vibrated by devices consisting of an 
electro-magnet and an armature attached direct 
ly or indirectly to the screen, the magnet being 
supplied with a pulsating or alternating current 
to impart oscillation to the armature and Screen. 
In some instances resilient means Were provided 
for causing the armature and the part.S of the 
Screen integral therewith to oscillate at a fre 
quency the same as that of the current pulsa 
tions. The amplitudes of vibration were con 
trolled by increasing or decreasing the voltage or 
current supplied to the magnet proportional to 
the amplitude desired. When the amplitude was 
relatively large, these vibrators were more or less 
satisfactory, but for Smaller amplitudes, the re 
duction in current merely weakened the screen 
action so that a “soft' motion would result and 
the screen would readily clog. To overcome this 
disadvantage, some screens were designed so that 
at one end of the vibrator stroke the armature or its 
asSociated structure would strike a stop member 
and thus impart a jarring action to the screen 
which would effectively shake material from the 
interstices of the screen. 
This structure was objectionable in that it was 

extremely noisy and there was considerable wear 
and strain on various parts thereof. Also, adjust 
ments were necessary to maintain efficient opera 
tion for various amplitudes and the exercise of 
skill was necessary in making the proper ad 
justmentS. 
The object of the present invention is to pro 

vide a control circuit for a magnetic Vibrator for 
a screening machine in which the vibrating ele 
ment is mechanically freely floating but which is 
acted upon by the magnet to impact a quick re 
versal of movement of the screen throughout all 
ranges of amplitudes So that the screen will not 
clog due to lack of vigorous agitation of the 
Screen. 
Another object of the invention is to provide 

a method of controlling a magnetically operated 
vibrator for a Screening machine which will in 
part a jarring action to the screen during Irela 
tively small amplitudes of movement of the Screen 
solely by the action of the magnet. 
Other objects and advantages of the inven 

tion will be apparent from the following descrip 
tion of a preferred form of the invention, refer 
ence being made to the accompanying drawings 
wherein: 
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Fig. 1 is a fragmentary cross sectional view 
of a Screening machine; 

Fig. 2 is a wiring diagram of a control circuit 
for the screening machine; and 

FigS. 3, 4 and 5 are wave diagrams indicating 
the relationship of certain currents in the control 
circuit and the corresponding motion of the 
SC'ee. 

Although the invention may be incorporated in 
various types of material handling or treating de 
vices wherein rapid oscillation of certain parts 
is required, for the purpose of illustrating our 
invention we have shown a section of a screening 
machine indicated generally at 0 for screening 
or sorting materials according to particle size. 
The Screen structure of the screening machine 
may be of any Suitable conventional design and 
it is, therefore, not shown in detail. In the pres 
ent embodiment of the invention the machine 
comprises a rectangular frame indicated at to 
which is attached a skirt portion 2 which de 
pends from the lower side of the frame. The 
frame f is adapted to be supported by any suit 
able structure, not shown, and the skirt portion 
f2 is adapted to support a wire screen 3 which 
extends transversely of the lower open side of the 
skirt throughout the length thereof. The periph 
ery of the screen 3 is secured between brackets 
f5 and 6 which are attached to skirt 2 so that 
the screen is relatively taut. 
The Screen is adapted to be oscillated vertically 

by a vibrating mechanism indicated at 20. The 
mechanism 20 is enclosed in a housing 2 which 
bridges the central portion of the frame 
and which is attached to the frame by bolts 23. 
An electro-magnet 25 is attached to the upper 
Wall of the housing structure and it comprises 
a core 26 and coil 37. The core has an opening 
28 therein which is in alignment with the cen 
tral opening of the coil 27 for receiving an arma 
ture 30 of a vibrating element. The vibrating 
element is indicated generally at 3 and this 
element comprises a rigid plate 32 having the 
armature 30 attached integral therewith by brack 
etS 33, the connection between the brackets and 
plate and armature being effected by riveting. 
A downwardly projecting post 35 is attached to 
the plate 32 and the lower end of the post is con 
nected to the central portion of screen 3 so that 
when the plate 32 is oscillated vertically the 
Screen Will be vibrated by the post. 
The plate 32 is resiliently mounted by two sets 

of coiled Springs one at each end of the plate and 
each set comprises upper springs 37 and lower 
Springs 38. The springs 37 abut against a cen 
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tering member 39 which is attached to brackets 
40 on the housing structure 2. The lower Springs 
38 abut a centering member 42 which is attached 
to flanges 43 formed on the housing structure. 
The coiled springs are centered on the plate 32 
by disks 85 which are attached to the plate by 
rivets 46 and which fit within the ends of the 
Springs. The springs are adapted to impart a 
vibration frequency to the plate 32 which fre 
quency will be the same as that of the current 
suppplied to the coil 27 of the magnet. iihis 
frequency of vibration may be determined by the 
dimensions, tension and material of the Springs. 
The tension of Springs 3 and 38 nay be adjusted 
by interposing a suitable number of shins, indi 
cated at 48, between the seating members 39 and 
42 and their respective supporting brackets 40 
and flange 43. The plate 32 will vibrate at the 
natural frequency, or a harmonic thereof, of the 
loaded Springs. It will be seein that when the 
coil 27 is energized arnature 3C Will be drawn up. 
Wardly compressing the springs 3 and when the 
flow of current to the magnet ceases amature 3) 
will move downwardly and its momentum will 
compress Spring 33 causing this spring to return 
the plate upwardly. By proper timing of the en 
ergization of the coil 2, oscillation of the plate 
and its aSSociated Structure is maintained. 

Referring row to Fig. 2, we have show in the 
Supply aid COratrol circuit for supplying a puisat 
ing current to the coil 27 of the magnet. She 
power supply circuit includes the two lines 53 
and 5 connected with the usual 50 or 63 cycle 
connaei"cial current and the line š is adapted 
to be connected to one side of coil. 2 trough 
line 52, Switch 53 and line 53. The opposite side 
of the Chil 2 is connected by line 55 to the aaode 
of a grid controlled gas filled rectifiei tibg : 
and the cathode of the rectifier tube 56 is co 
nected to power line 5: by lines 5, 53, switch S3 
and line 59. The filament of the tube RT is 
gized by the secondary of a power transforme!' 
P, as indicated in Fig. 2, the transformer being 
conaected to the lines 58 and 58 through a switch 
S. It will be seen that the rectifier tuba is cap 
able of parinitting current ii:houses to flow, 
through the coil. 2 at the rate of the frequency 
of the alt21 nating current supply, for exaaniole, 
60 per S&cond, providing the grid of the tube is 
not negatively biased. 
The grid circuit, for the tube RT is adapted to be 

controllied by a turned oscillator circuit adapted 
to provide an alternating current of a frequency 
one-half that of the power Supply. An importaint 
feature of the oscillator circuit is that the phase 
of the current cycles thereof inay be shifted rela 
tive to that of the power current by manual ad 
justment. Ehis oscillator circuit includes a 
transformer SE, one side of the secondary of 
which is connected to line 33 and the opposite 
side of Which is connected to the grid of tube RT 
through a suitable resistance 6 . The priinary 
of transformer 6 is energized by a secondary 33 
of transforniaer P and the fiOW of power to the 
primary is controlled by a vacuum tube Wii, one 
cathode of which is connected to one side of the 
Secondary 63 and the anode of which is con 
nected to one Side of the prinary of train Sforine 
6 through a primary Wilding Of a cent&r tapp&d 
transformer A. The opposite side of the pri 
nary of transformer 6) is connected directly to 
one Side of Segondary coil 83 and a conder Ser 63 
is connected in shunt With the primariS of 
transformers 6 and 4. The grid of the vacuuin 
the 7"s is connected in a circuit which includes 
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a resistor is having a condenser i? in shunt 
therewith and the resistor is attached to a cir 
cuit which includes the Secondary 13 of the cen 
tei tapped transformer A. The Secondary Cir 
cit, 3 consists of a manually variable resistOr 
i5 and an iriductor 6 connected in series. The 
center tap of Secondary 3 is connected to the 
cathode of tube WT. She Oscillator circuit, is 
adapted to provide the grid of tube RT with an 
alternating current of 30 cycles, assuming that 
the power circuit is 60 cycles, so that the grid 
will he negatively impressed thirty times per 
second. By adjusting the resistor 75 the wave 
phase of the oscillato circuit can be shifted and 
when adjusted to one position the grid will be 
negatively biased during alternate positive Waves 
of the cuirrent in the power circuit and the cur 
rent passing through the tube 56 will have an 
iii) pulse frequency of 30 cycles per second, This 
condition is indicated in Fig. 3 wherein line 80 
indicates the phase of the 60 cycle alternating 
tower cirrent, ine 8 indicates the phase of the 
GScillator current and the shaded areas 32 indi 
cate current passing through the tube RT and 
consequently the current through the coil 27. 
When this condition prevails the vibrator ele 

eat, will oscillate at its maximum amplitude 
ich is illustrated graphically by line 84, as near 

as can be ascertained. If it is desired to reduce 
the ainplitude of the screen for Screening finer 
raterials, for example, a current impulse is in 
exposed between the normal inpulses illustrated 

23 and this is accomplished by adjusting the 
resistor 5 to cause shifting of the phase waiiab 

, of tile oscillator current So that the grid of tube 
RA will he positive during all or a portion of the 
ositive phase of the power waves internediate 
he Orinal waves 82, and thereby psrinit passage 
of current through the coil. This phase shifting is 
illustrated in Fig. 4. Wherein the Shadad area, 85 
indicates current flowing to the coil 2 interne 
diate the normal inpulses or waves 32. This ad 
ditional flow of current apparently restrains the 
Orral down Ward rovement of the Screen ce. 

tween the normal 30 cycle current impulses so 
that, tie arrnature will nore quickly respoid to 
tile succeeding normal current, inpuses where. 
by a more Sudder reversal in the direction of the 
green is effected. This not only reduces the 
ainplitude of the screen but at the same time it 
increases the speed at which the screen reverses 
direction. So that a substantial jarring action oc 
curs in the Screen. The lines 84 in Figs. 3, 4 and 
3 illustrate tha vertical novelinent of the Screen 
as plotted against the time of the current fre 
guesties, 2S near as can be deternined, and it, 
will be seen that as the degree of phase shifting 
of the oscillator current is increased the current 
of the intern ediate itapulses are increased there 
by further reducing the amplitude of the Screen 
a.d. increasing the vigor of its action. As the 
chase of grid current is shifted it will not re 
rain positive throughout the normal waves 82, 
but once current starts to pass through rectifier 
tube WT it will continue for that wave phase 
although in the meantine the grid shifts to a 
negative bias. Thus, it is necessary to have the 
giid of the tube positive only at the initiation of 
tie ingrinal power cycles. We have found that 
as the ainplitude is reduced in the manner de 
firibed, the Screen action becomes sharper so that 
the Screen Will not clog due to its violent motion. 
By our control instead of reducing the current 
to irr dis 2 the arrplitude, the current used is ac 
tially increased and this increase results in more   
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power being applied to the effective vibration of 
the Screen. 

It will be seen that there are no rubbing Or 
striking of parts of the vibrating mechanism. So 
that the screen is not only practically noiseless 
in its operation, but there is no part Subject to 
Wear or unusual stresses. The range of ampli 
tude of vibration is wide and the only adjust 
Inent necessary is that of the variable resistor 75 
which can be controlled by merely turning a 
knob. 
Although We have described but one form of 

the invention, it is to be understood that other 
forms might be adopted, all falling within the 
Scope of the claims which follow. 
We clain: 
1. A control circuit for a magnetic vibrator 

which comprises, a grid controlled gas tube recti 
fier; a circuit for supplying alternating current 
of a predetermined frequency to the rectifier; 
and control means for said grid consisting of a 
tuned oscillator circuit, said circuit being 
adapted to supply an alternating current to said 
grid and having a frequency which is a sub mull 
tiple of the first mentioned current, and a phase 
shifting circuit associated with said oscillator 
circuit for shifting the phase of the current in 
the OScillator circuit relative to that of the first 
mentioned current. 

2. A control circuit for a magnetic vibrator 
which comprises, a grid controlled gas tube rec 
tifier; a circuit for supplying alternating cur 
rent of a predetermined frequency to the recti 
fier; and control means for Said grid consisting 
of a tuned oscillator circuit, said circuit being 
adapted to supply an alternating current to said 
grid and having a frequency of one-half that of 
the first mentioned current, and a phase shift 
ing circuit associated with said oscillator circuit 
for shifting the phase of the current in the oscil 
lator circuit relative to that of the first men 
tioned current whereby said rectifier is opera 
tive to pass one phase of alternate waves of the 
alternating current and fractional portions of 
One phase of the waves intermediate said alter 
nate waves. 

3. The method of controlling a magnetically 
Operated material handling screen having a sub 
Stantially predetermined vibration frequency, 
which method comprises supplying pulsating 
Current to the magnet having a frequency Sub 
stantially the same as the predetermined vibrat 
ing frequency of the screen, and introducing a 
pulsating current to the magnet which latter pull 
Sating current is out of phase with the pulsations 
of the first mentioned current pulsations. 

4. The method of controlling a magnetically 
Operated material handling screen having a sub 
Stantially predetermined vibration frequency, 
which method comprises supplying pulsating 
Current to the magnet having a frequency the 
Same as the Vibrating frequency of the screen, 
and reducing the amplitude of vibration of the 
Screen by introducing an additional current to 
the magnet at the same frequency but out of 
phase with said Screen. 

5. A control circuit for an electro-magnetically 
vibrated screening mechanism comprising, a cir 
cuit including a source of alternating current 
for the magnet; a gas filled grid controlled tube 
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in said circuit for controlling the flow of current 
to the magnet; and a control circuit for the grid 
comprising an oscillator for producing an alters 
nating current on the grid having a frequency 
one half that of said alternating current, said 
control circuit having means for shifting the 
phase of the alternating current On the grid rel 
ative to the first mentioned alternating current. 

6. The method of controlling a magnetically 
operated material handling screen having a Sub 
stantially predetermined vibration frequency, 
which method comprises supplying to the mag 
net pulsating current at a frequency equivalent 
to the vibrating frequency of the Screen, and 
reducing the amplitude of vibration of the Screen 
by introducing current to the magnet at the 
same frequency of Said predetermined frequency 
of vibration of the Screen but intermediate to said 
first mentioned pulsating current and out of 
phase with said pulsating current, said alter 
nate intermediate impulses being of a lesser value 
than said first mentioned pulsation whereby said 
intermediate impulses diminish the negative am 
plitude to accelerate the Screen action. 

7. An electromagnetic vibrator for Vibrating a 
material handling screening machine, compris 
ing a coil, an armature, a resilient means for 
mounting the arnature relative to the magnet 
for oscillating motion, means interconnecting the 
arnature and screen, and a control circuit for 
said magnetic vibrator comprising, a grid con 
trolled gas tube rectifier; a circuit for supplying 
alternating current of a predetermined frequency 
to the rectifier and coil, control means for said 
grid consisting of a tuned oscillator circuit be 
iing adapted to Supply an alternating current to 
said grid and having a frequency which is a 
sub multiple of the first mentioned current, and 
a phase shifting circuit associated with said oscil. 
lator circuit for shifting the phase of the cur 
rent in the oscillator circuit relative to that of 
the first mentioned current. 

8. A magnetic vibrator of the character de 
fined in claim 7 in which the OScillator circuit 
for controlling the grid of said rectifier is adapted 
to Supply a pulsating current of one half the fre 
quency of that of the alternating current Supply. 

9. In an electromagnetic vibrator having a coil 
and armature, rectifier tube, source of alternat 
ing current, and circuit including all of these 
elements, means to control amplitude of vibra 
tion of the armature comprising a phase shift 
ing circuit and an oscillator adjusted to intro 
duce to the rectifier a pulsating current inter 
mediate the pulses of the alternating current 
Supply to check the impressed reciprocating 
movement of the armature and thereby acceler 
ate the movement of the vibrated element. 

HUGH E. BROWN. 
STEWAR.T. M. GRANT. 
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