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3,283,896 
SORTING APPARATUS 

Frank E. Jirik, San Jose, and Richard A. Wood, Sunny 
vale, Cali?, assignors to Chemical Holding Company, 
Inc., a corporation of Panama 

Filed Sept. 28, 1964, Ser. No. 399,531 
27 Claims. ((11. 209-111.6) 

The present invention relates to apparatus for sorting 
objects from one another; more particularly, this inven 
tion relates to optical apparatus for sorting objects in ac 
cordance with the relative wave length and/ or intensity 
of illumination re?ected by such objects. In an illustra 
tive embodiment, the invention is described hereinbelow 
as it is used in a device for sorting co?'ee beans. 

In prior optical sorting equipment, and particularly in 
optical co?ee bean sorting equipment, a particularly seri 
ous problem is that the equipment is quite complicated 
and expensive. As a result, this equipment has had only 
limited acceptance, and the prior coffee bean sorters have 
not been able to compete effectively with tedious hand 
sorting of coffee beans. 

Therefore, a major object of the present invention is 
to provide simple, reliable and inexpensive optical appa 
ratus for sorting objects from one another. 
A further object of the present invention is to provide 

such apparatus which is small in size and can be easily 
operated in remote agricultural regions. 
Another object of the present invention is to providev 

such apparatus for sorting coffee beans with a high degree 
of accuracy and at a high rate of speed. 
The drawings and descriptions that follow describe the 

invention and indicate some of the ways in which it can 
be used. In addition, some of the advantages provided 
by the invention will be pointed out. 

In the drawings: 
FIGURE 1 is a partially perspective, partially sche 

matic, and partially cross-sectional view of a portion of 
the sorting apparatus of the present invention; 
FIGURE 2 is a cross-sectional view taken along line 

2-—2 of FIGURE 1; 
FIGURE 3 is a spectral response curve for a photo 

electric cell used in the FIGURE 1 structure; 
FIGURE 4 is a schematic diagram of an electrical con 

trol circuit for use with the structure shown in FIG 
URE 1; 
FIGURE 5 is a partially cross-sectional and partially 

schematic elevation view of one embodiment of the pres 
ent invention; 
FIGURE 6 is a right-side elevation view of a portion of 

the apparatus of FIGURE 5; 
FIGURE 7 is a perspective cross-sectional view taken 

along line 7—7 of FIGURE 6; ' 
FIGURE 8 is a right-side elevation view of a portion 

of another embodiment of the invention; ' 
FIGURE 9 is a view like that of FIGURE 6 showing a 

portion of another embodiment of the invention; 
FIGURE 10 is a perspective cross-sectional view taken 

along line 10—10 of FIGURE 9; and 
FIGURE 11 is a schematic diagram of a portion of 

another control circuit of the invention. 
The sorting mechanism 10 shown in FIGURE 1 in 

cludes a vertically-mounted glass tube 12 into which ob 
jects 16 (in this case, coffee beans) are delivered to be 
sorted. The objects are delivered into tube 12 one-by-one 
by means of a feeder mechanism which will be described 
below. 
The objects 16 fall downwardly through tube 12, 

through a photocell assembly 18, between a lamp 20 and 
an associated photocell 22, out of the exit opening of 
tube 12, and downwardly to ‘a de?ecting member 26. De 
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?eeting member 26 normally is positioned vertically but 
is rotated to the position shown in FIGURE 1 by a rotary 
solenoid 28 which is actuated by a control circuit 38 
shown in FIGURE 4 acting in conjunction with the 
photocell assembly 18. When an object is selected to be 
sorted out from the others, solenoid 28 rotates member 
26 to the position shown so that the object hits member 
26 and is de?ected along line 24 into a compartment 32 
of a bin 34. When the object is not selected to be sorted 
out, de?ector member 26 is positioned vertically so that 
the object is allowed to fall straight downwardly along 
line 30 into another compartment 36 of bin 34. 
Now considering the sorting mechanism 10 in greater 

detail, tube 12 may be made of transparent plastic or 
heat-resistant glass such as that sold under the trademark 
“Pyrex.” Tube 12 is transparent except in the regions just 
above and below the photocell assembly 18; in those re 
gions it is opaque to prevent ambient light from entering 
the photocell assembly. 

Photocell assembly 18 includes a cylindrical metallic 
housing 42 having radial cooling fins 44. An annular 
photocell 46 is secured to each end of housing 42 between 
an annular ?ber gasket 48 and an insulation strip 50, all 
of which are held onto housing 42 by means of screws 52 
and brass electrostatic shield and light ba?le 54. 
As is shown in FIGURE 2, which is a cross-sectional 

view showing the innermost surface 56 of photocell 46, 
tube 12 ?ts tightly into the central aperture of annular 
photocell 46. Similarly, insulation sheet 50 and shield 
54 ?t closely around tube 12 to block the entry of ambient 
light. Gasket 48 has an inner diameter equal to that of 
housing 42. 

Referring again to FIGURE 1, eight lamps 58 are 
mounted in horizontal holes in housing 42 located in a 
plane which is equidistant from both ends of the hous 
ing. The eight lamps 58 are small, elongated lamps of 
the type No. 1748 sold under the trademark “Tung Sol.” 
Each of these lamps has a shoulder at its end where the 
electrical leads enter the lamp. The lamps are mounted 
in the holes with their shoulders abutting the housing and 
their forward ends projecting outwardly from the internal 
surface of the housing. The lamps are aimed at the longi 
tudinal axis of tube 12. 
Each lamp produces a narrow, intense focused white 

light beam so that the light produced by the lamps does 
not spread outwardly to the photocells 46‘. Each lamp 
has an extremely long life and should not require re 
placement during the ordinary life of the sorting meo - 
anism 19. Thus, these lamps are connected in series to 
one another and are “potted” or encased with silastic 
material 60 or ?exible epoxy resin to fully protect the 
lamps. The electrical power consumption and heating 
of each lamp is extremely low 30 that the heat dissipated 
by ?ns 44 is sufficient to prevent overheating. Thus, the 
sorter of the present invention requires no expensive 
blowers or other cooling means. 

Referring now to FIGURE 2, each annular photocell 
46 preferably is a selenium photovoltaic cell such as ’ 
International Recti?er Corporation type PClOG. Photo 
cell 46 includes a metallic collector strip 62 attached to 
the photo-sensitive surface 56 of cell 46, with a col 
lector lead 64 being attached to the strip 62. The other 
electrode 66 of the photocell ‘is secured to the opposite 
surface of the cell. 

Light striking surface 56 of a cell 46 will cause the 
cell to generate a small voltage signal between electrodes 
64 and 66. Thus, when an object 16 reaches the posi 
tion where lamps 58 shine upon it, the object re?ects 
light in .all directions. A large portion of this light strikes 
the surfaces 56 of p-hotocells 46. Because of the sym 
metrical and closely-spaced location of lamps 58 com 
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pletely around the tube 12, the surfaces of object 16 trans 
verse to the axis of tube 12 are‘ illuminated substantially 
uniformly. Because ‘of the annular shape of photocells 
46, re?ected light is received from all surfaces around the 
circumference of the object. Thus, the particular orien 
tation of the object when it is illuminated will have little 
or no effect on the manner in which re?ected light is 
received by the photocells 48. This represents a sub 
stantial advantage over the previous arrangements in 
which an object often was selected or sorted out erro 
neously 1because it was improperly oriented in the se 
lecting system. ' 

As is well known, the output voltage of selenium 
photocell 46 is a function of the intensity of illumination 
received by the cell. This, the voltage from leads 66 
and 64 of photocell 46 is dependent in part upon the 
intensity of the illumination re?ected by object 16. 
As is shown in FIGURE 3 the spectral response of 

selenium photocell 46 is substantially like that of the 
human eye. That is, the spectral response of the photo 
cell extends over the entire visible range, has a peak 
near the peak response of the standard observer, and 
has a threshold in the infra-red region at 760 millimicrons, 
and in the ultraviolet region at approximately 300‘ milli 
microns. Thus, the output voltage of each photocell 46 
depends upon the wavelength as well as the intensity of 
the light re?ected from object 16. 
As a result of the foregoing, the sorting apparatus 

10 shown in FIGURE 1 is quite versatile. It can select 
between objects re?ecting light of different wavelengths 
but having the same intensity, including objects differing 
only in size, or it can select vbetween objects re?ecting 
light of the same wavelength with differing intensities. 
In addition, selection may ibe made between objects re 
?ecting light having both different intensities and different 
wavelengths. 
The sorting mechanism 16‘ operates quite effectively 

when it is used in sorting desirable coffee beans from un 
desirable oo?ee ‘beans and debris. Decayed or other 
defective beans usually are black or are colored a dark 
hue, Similarly, other defective or undesired beans are 
yellow or white in color. Desirable coffee beans usually 
have a light green color. Debris of the same size as the 
colfee beans usually is light-colored. The apparatus 
10 gives a low photocell output signal in response to a 
dark bean, a medium photocell signal within a desired 
range of voltage values for good green beans, and a high 
voltage signal for white (beans or debris. These signals 
are utilized advantageously by the electrical control sys 
tem 38 shown in FIGURE 4 to actuate de?ector member 
26 to de?ect the black or “over dark” beans, the light 
beans and the debris while allowing the good green beans 
to fall into compartment 36 of bin 34. 

Referring now to the control circuit 38 shown in FIG 
URE 4, selenium photocells 46 are connected together 
in series with a load resistor 68. The voltage signal de 
veloped across resistor 68 is ampli?ed by a two-stage, 
high-gain, temperature~stabilized, low-drift D.C. differ 
ential ampli?er 70'. Ampli?er 7t} delivers an ampli?ed 
photocell signal through output lead 72 to the input 
leads of two identical voltage level detector circuits 74 
and 76, In a manner which will ‘be described in greater 
detail hereinbelow, detector 74 produces an output switch 
ing pulse if and when the voltage signal delivered by out 
put lead 72 reaches a ?rst predetermined value, and de 
tector circuit 76 produces an output pulse if and when 
that voltage reaches a second predetermined value great 
er than the ?rst predetermined value. The output signals 
of detector circuit 74 and 76 are conducted to a disabling 
circuit 78 which normally does not produce a disabling 
signal, but which produces a disabling output signal when 
it receives a signal from detector ‘74 without a signal 
from detector 76. If output signals are supplied by both 
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detector circuits 74 and 76, disabling circuit 78 again 
does not produce a disabling signal. 
When the object 16 falling through tube 12 passes be 

tween lamp 20 and photocell 22, thus momentarily block 
ing the light beam from lamp 26, photocell 22, which is 
a standard silicon photocell, develops an output voltage 
pulse across a load resistor 80. This voltage pulse is 
ampli?ed by a conventional multistage A.C. transistor 
ized ampli?er 82. The ampli?ed output pulse developed 
by ampli?er 82 is delivered through an output lead 84 
to a gating circuit 86. Gating circuit 86 receives a dis 
abling signal from disabling circuit 78 through output 
lead 88. 

If no disabling signal is delivered over lead 88, gating 
circuit 86 delivers an output signal over lead 90 to a 
de?ector energizing circuit $2. De?ector energizing cir 
cuit 92 includes the solenoid 28 which operates de?ector 
member 26. Thus, the de?ector signal delivered over 
lead 90 causes solenoid 28 to rotate de?ecting member 
26 to the position shown in FIGURE 1 so as to de?ect 
the undesirable objects into compartment 32. 

If a disabling signal is supplied over lead 88, gating 
circuit 86 does not supply a de?ector signal. Thus, the 
solenoid 28 is not energized and the desirable objects 16 
are allowed to fall downwardly past the de?ector arm 
26 into compartment 36. . 

The location of the components of the photocell as 
sembly 18 with respect to lamp 20 and photocell 22 is 
such that the pulse delivered over output lead 84 to gating 
circuit 86 arrives after any output signals developed by 
detectors 74 and 76 and circuit '78 have been generated. 
Thus, the selection signals already will have been devel 
oped by the time an energizing signal is delivered over 
output lead 84. 
When the sorting mechanism 10 is used to sort co?fee 

beams, the voltage at which detector circuit 74 “?res” to 
produce an output signal is pre-set so that beans which 
are too dark will not produce a high enough photocell 
signal to ?re circuit 74 and will be de?ected by member 
26. The ?ring voltage of detector circuit 76 similarly 
can be adjusted so that beans or other objects which are 
too light also are de?ected. Thus, only good beans of 
an ideal color are passed by the sorting apparatus. The 
quality of the accepted beans is controllable by varying 
the difference between the ?ring voltages of detector cir~ 
cults 74 and 76. 

In considering detector circuits 74 and 76 in greater 
detail, since circuits 74 and 76 are identical, only circuit 
74 will be described. In circuit 74, the input lead 72 
is connected to an emitter-follower circuit 94 which is 
used for isolation and impedance-matching purposes. 
Emitter-follower circuit 94 is connected to the wiper arm 
96 of a potentiometer 98 which is part of a voltage 
divider network including series resistors 100 and H92. 
The emitter electrode 104 of a unijunction transistor 

106 is connected to wiper arm 96, and a relatively large 
capacitor 108 is connected between lead 104 and ground. 
A bias resistor lltl is connected between the “second 
base” electrode 112 of unijunction transistor 106 and a 
regulated 23-volt D.C. supply. This arrangement com 
prises a relaxation oscillator. When unijunction transis 
tor 196 is not conducting, capacitor 108 is charged from 
the 23 volt source through the voltage divider network. 
When the sum of the bias voltage on emitter lead 104 
and the input signal is sufficient to cause unijunction tran 
sistor 106 to conduct, stored energy is supplied from ca 
pacitor 168 through unijunction transistor 106 to develop 
an output signal across resistor 114. When capacitor 108 
has discharged to a voltage which will no longer sustain 
conduction of tthe unijunction transistor, the transistor 
again becomes non-conducting and is prepared for the 
receipt of another input signal. 
A bias adjustment meter 154 is provided to aid in 

adjustment'of the bias voltages for unijunction transistors 
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106 in level detector circuits 74 and 76. Meter 154 is 
connected through a current-limiting resistor 156 to a 
3-position switch 158. In order to adjust the bias level 
in detector 74, the switch contact arm is turned to contact 
160 and potentiometer 96 in circuit 74 is adjusted until 
the desired bias is read on meter 154. The bias in circuit 
76 is similarly adjusted by moving the contact arm of 
switch 158 to contact 162 and adjusting the potentiometer 
96 of circuit 76 until the desired voltage is read on meter 
154. When sorting coffee beans, the latter bias voltage 
will be lower than that for circuit 74. The contact arm 
is turned to contact 164 during operation of the circuit so 
that the meter is not connected to the circuit during its 
operation. 

Disabling circuit 78 includes a time-delay monostable 
multivibrator indicated generally at 116. When circuit 
116 is in its stable condition, transistor 118 conducts and 
transistor 120 is “turned off.” The output pulse of de 
tector circuit 74 is conducted through a coupling capaci 
tor 122 to the base electrode of transistor 120. This 
causes multivibrator 116 to switch into its unstable con 
dition in which transistor 120 conducts and transistor 118 
is turned off. 
The emitter lead 124 of a unijunction transistor 126 

is connected through a resistor 128 to the collector elec 
trode of transistor 118. A large capacitor 130 is con 
nected between emitter lead 124 and ground. The total 
resistance of resistors 132, 134 and 136, which are con 
nected between the 23-volt D.C. source and the collector 
electrode of transistor 118, is related to the total resistance 
of resistors 138 and 140, which are connected between 
the emitter of transistor 118 and ground, so that while 
transistor 118 is conducting, the voltage on the unijunc 
tion transistor emitter lead 124 is insu?icient to cause the 
unijunction transistor to conduct. When, however, tran 
sistor 118 is turned off by a signal from detector 74, ca 
pacitor 130 starts building up charge from the 23~volt 
source through resistors 132, 134, 136, and relatively 
larger resistor 128. When, after a relatively long time 
delay, the voltage on emitter lead 124 reaches su?icient 
value, the unijunction transistor 126 will ?re. The cur 
rent ?ow through transistor 126 develops a voltage signal 
across resistor 140 which turns transistor 120 011 and re 
turns transistor 118 to its initial conducting state. Resis 
tor 132 and capacitor 152 act as a decoupling network 
which prevents transients from switching transistor 126 
on or oft". 

During the time that transistor 120 is conducting, a 
disabling signal is developed across a resistor 142 in 
series with transistor 120. This disabling signal is am 
pli?ed by a transistor ampli?er 144, and is supplied 
through a resistor 146 to output lead 88. 

Thus, if the input signal provided by an object 16 fall 
ing through the sorting mechanism 10 is not su?icient 
to cause either of detectors 74 or 76 to develop an out 
put signal, transistor 118 of disabling circuit 78 will re 
main conducting and no disabling signal will be supplied 
to gating circuit 86 over output lead 88. However, if the 
falling object develops a signal large enough to actuate 
detector circuit 74, disabling circuit 78 will develop a 
disabling signal of relatively long duration. If the signal 
also is of su?icient magnitude to actuate detector 76, 
that circuit will send an output signal through a coupling 
capacitor 148 and a transistor ampli?er and inverter 150 
to the base electrode of transistor 120*. This signal 
will be developed a very short time after the signal 
from circuit 74 is developed so that it quickly returns 
multivibrator 116 to its stable condition. Thus, under 
such circumstances, the disabling signal produced on out 
put lead 88 by disabling circuit 78 will be of very short 
duration. In fact, detector 76 produces its signal well 
before a signal is supplied to gating circuit 86 over line 
84. 

Gating circuit 86 is identical to disabling circuit 78. 
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6 
Therefore, corresponding reference numerals are used for 
corresponding components in circuits 86 and 78. 

Both the signal from photocell 22 and the disabling 
signal are applied to the base electrode of transistor 118. 
The disabling signal is of a polarity opposite to that of 
the signal on line 84 and is of a magnitude sufficient 
to completely cancel the latter signal. Therefore, if a 
disabling signal appears on line 88, multivibrator 116 
in gating circuit 86 remains in its stable condition and 
does not provide an actuating signal for energizing cir 
cuit 92. However, if no disabling signal is present when 
the signal is delivered over line 84, the latter signal turns 
off transistor 118 and causes transistor 120 to conduct, 
thus supplying an output signal through ampli?er 144 
and line 98. The duration of this output signal is su?‘i 
cient to maintain the energization of solenoid 28 until 
after the object 16 has hit or passed de?ector 26. The 
multivibrator 1116 automatically returns to its stable con 
dition after capacitor 138 has become suf?ciently charged 
in the manner described above. 
An output pulse on line 90 is conducted through a 

complementary symmetry circuit 166 which supplies a 
signal to the base electrode of a power transistor 168. 
Rotary solenoid coil 170 is connected between a regu 
lated 22-volt DC. power supply and the emitter of power 
transistor 168. A diode 172 is connected between the 
collector electrode of transistor 168 and ground to pro 
vide forward bias for transistor 168. Another diode 
174 is connected in parallel with coil 178 to provide 
a short-circuit path for undesired transients. Thus, a 
signal supplied on line 90 energizes coil 170 and main 
tains its energization to hold de?ecting member 26 in 
the position shown in FIGURE 1 until after the object 
16 has struck it and been de?ected. 
The 22- and 23-volt D.C. sources used to provide the 

supply voltages for control circuit 38 and the sources for 
lamps 20 and 58 should be regulated to provide essen 
tially constant output voltages. Preferably, solid state de 
vices such as zener diodes should be used to provide the 
desired regulation. In addition, it is preferred that tem 
perature compensation be provided in the 23-vol=t source 
and in the source for lamps 58. Also, it is preferred that 
all of these sources be adapted to operate from standard 
AC. power lines. Power supplies having the above char 
acteristics are well-known and readily available. 

Control circuit 38 is especially advantageous for use 
in sorting objects .a majority of which ‘are of one type. 
For example, in sorting coffee beans, if the majority of 
the beans are good the solenoid 28 is energized only in 
frequently, thus preventing excessive wear and tear on 
the solenoid apparatus. However, if a majority of the 
beans are undesirable, the operation of the circuit easily 
can be changed so that the de?ection mechanism is oper 
ated only to de?ect the good beans. 

It should also be recognized that the above-described 
sorting apparatus can be used to sort any of a wide va 
riety of objects. For example, the apparatus can be used 
for sorting mustard seed, rice, nuts, and various granular 
materials. 
An important advantage of the above sorting apparatus 

is that is does not require blowers for cooling. This is 
because the ‘heat generated by the lamps is 'very low. This 
is in contrast to prior sorters which use photomultipliers 
which require high-intensity lamps. Those sorters require 
expensive blowers to keep the hot lamps from overheat 
ing the equipment. 

‘The present sorting apparatus ‘has a similar advantage 
over equipment in which an air jet is used to deflect the 
objects being sorted. Such an air jet requires a compressed 
air supply which makes the equipment more cumbersome 
and expensive; and especially so in remote regions of the 
world. ' 

vI-ts low cost, small size and reliability make the sorting 
apparatus of the present invention highly desirable for 
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use in remote agricultural areas where it would be ex 
pensive and inconvenient to provide compressed air sup 
plies and the like. However, if a compressed air supply 
happens to be readily available, an air jet de?ection sys 
tem may be provided in place of the mechanical de?ector 
26. In such a system, the control circuitry 38 would be 
used to control the provision of pu?s of air to de?ect 
selected ones of the objects being sorted. 
Although the above-described sorting apparatus is com 

pact, simple and inexpensive, it sorts objects rapidly. For 
example, it can sort co?ee beans at the rate of 100’ beans 
per second. Even 'faster sorting speeds are attainable. 
Each of the devices is so inexpensive that a number of 
them can be used simultaneously to provide a high-capac 
ity sorting system. 
The solid-state electrical circuit components can be 

mounted on printed circuit boards to provide easy inter 
changeability of components and easy maintenance. 
Maintenance requirements are minimized by the use of 
solid state components throughout the electrical circuit. 
Further, the low power requirements of the sorter permit 
the use of ordinary single-phase power lines sometimes 
needed in the past. 
An alternative control circuit 250 is shown in FIGURE 

11. This circuit is used to control a “color-ratio” arrange 
ment of the sorting mechanism 10. In such an arrange 
ment 'a colored ?lter 252 (see FIGURE l) is positioned 
over the photosensitive surface 56 of each photocell 46. 
Each ?lter 252 blocks the passage through it of all light 
except that within a given narrow band of frequencies. 
The band of frequencies passed by each ?lter is different; 
for example, one passes green light and the other red. 

Referring again the FIGURE 11, each photocell 4-6 
is connected to one of a pair of DC. ampli?ers 254 and 
256. These ampli?ers are connected to a ratio detector 
258 which either adds or subtracts the signals it receives 
and produces an output signal proportional to either the 
sum or the difference of the two photocell signals. That 
output signal then is sent to a level detector 260‘ which 
produces a signal over output lead 262 only when the 
ratio signal from detector 258 falls within a given range. 
A time delay circuit 264 can be used as shown to com 
pensate for any time diiterences existing between the sig 
nals ‘from the two photocells 46. The output signal 
supplied over lead 262 is conducted to a gating circuit 
like circuit 86 shown in FIGURE 4, and other circuitry 
like that shown in FIGURE 4 is used with lamp 20 
and photocell 22 to operate the de?ector solenoid 28 
to de?ect only those objects producing a color ratio sig 
nal within a given range. For example, the range could 
be set such that only good green coffee beans were de 
?ected while 'beans either too light or too dark would 
pass straight downwardly into another bin. 

Circuits suitable for use as elements 254, 256, 2518, 
260 and 264 are well known and their details will not 
be described herein. 
The objects 16 to be sorted should be fed into the 

sorting mechanism 10 one-by-one at spaced intervals. 
Such feeding can be performed by any of a number of 
commercially available devices such as the “Syntron” 
vibratory feeder. However, in accordance with the pres 
ent invention, the feeding function preferably is per 
formed by novel apparatus which is simpler and ‘far less 
expensive than any equipment available commercially. 
This novel apparatus is shown in FIGURES 5 through 
10. 
The feeding mechanism 200 illustrated in FIGURES 5 

through 7 includes a hopper 202 which contains a supply 
of objects 16 (such as coffee beans) to be sorted. A 
circular aluminum conveyor wheel 204 is rotated by a 
synchronous electric drive motor 206. The wheel 204 
is mounted at an angle slightly ditferent from vertical, 
e.g. up to 25° from vertical. Conveyor wheel 204 has 
a plurality of conveyor scoops 208 spaced evenly all the 
way around its periphery. 

3,283,896 
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8 
As is shown most clearly in FIGURE 7, each scoop 

208 is formed from a short length of tubing which is 
force-?tted into a hole in the wheel 204-. The portion 
of the tube extending outwardly from the wheel is split 
longitudinally in half so as to form a semi-cylindrical 
scoop portion 210. Each scoop 208 is aligned in its 
hole so that the line along which the tube is longitudinally 
cut is aligned along a radius of the wheel 204; that is, 
the open face of the scoop portion 210 faces towards 
the next scoop 208 on the wheel. A thin wire 211 is 
attached as shown in FIGURE 7 to prevent the object 
16 from sticking in the tube. 
The bottom portion of conveyor wheel 204 is positioned 

so as to dip down into the supply of objects 16 in hopper 
202. The wheel 204 is rotated at a moderately high 
speed, e.g. 100 revolutions per minute, and each scoop 
208 catches one object 16 as it moves through the objects 
in the hopper 202. Each object is carried upwardly to 
the top portion of the wheel where it is blown out of 
the scoop ‘by :an air jet which is directed into the rear 
opening of each scoop 208 as it comes adjacent to the 
top of the wheel. This lair jet is supplied by a blower 
212 through a tube 214. 
The inlet opening 216 of tube 12 is positioned directly 

opposite tube 214 so that it will catch the object 16 as 
it is blown out of scoop 208. The object 16 then travels 
through a horizontal portion 218 of tube 12 under the 
force of the air jet and ‘hits a screen 220 which de?ects 
the object down into the curved portion 222 of tube 12 
so that it then falls through the photocell assembly 18 
and is sorted in the manner described above. 
A horizontal exit tube 224 conducts dust or small ‘ob— 

jects or other undesired items which are small enough 
to pass through screen 220 into the atmosphere so that 
they do not pass through the photocell assembly 18. Ob 
jects which are of a minimum desired size are de?ected 
by the screen 220 and pass downwardly through portion 
222 of tube 12 to be sorted. 
The objects 16 emerging from photocell head 18 are 

de?ected by a de?ecting arrangement 224 which may be 
used instead of the de?ecting arrangement illustrated in 
FIGURE 1. De?ecting mechanism 224 comprises a strip 
of spring steel 226 secured at one end to a solid mount 
ing block 228. The plunger 229 of a solenoid 23-0 is 
attached to the spring strip 226 by means of a wire loop 
232 which provides a loose attachment of the plunger 
to the strip. The resiliency of strip 226 normally main 
tains it in a position away from the exit end of tube 12 
so that it will not de?ect objects emerging from that exit 
opening. Whenever the solenoid 230‘ is energized by 
the electrical control circuit 38 shown in FIGURE 4, 
plunger 229 moves outwardly quickly and hits the falling 
object 16, thus de?ecting it into a preselected compart 
ment of bin 34. The resiliency of spring strip 226 then 
returns it to its initial position after solenoid 224 is de 
energized and has returned to its initial position. 
The conveyor wheel 204 preferably is made of a light 

metal such as aluminum, and the scoops 208 preferably 
are made of steel for long wear. In a typical conveyor 
wheel designed for use in feeding coffee beans, the wheel 
204 is a circular aluminum disk 1A1. inch thick and 12 
inches in diameter with scoops 208 located .at one inch 
intervals around the periphery of the wheel. Scoops 203 
are formed from 5/16 inch steel tubing. The wheel 204, 
the drive motor 206, the blower 212 and the remainder 
of the sorting apparatus including the tube 12, photo 
cell assembly 18 and the de?ecting mechanism all may 
be mounted by means of brackets or other well-known 
structures. The speed of synchronous drive motor 206 
may be reduced, if desired, through ordinary V-belts and 
pulleys or standard speed reducing units. 
An alternative construction for conveyor wheel 204» is 

shown in FIGURE 8, which illustrates the lower portion 
of wheel 204. The construction and operation of the 
FIGURE 8 embodiment is the same as that shown in 
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FIGURES 5, 6 and 7 except that the conveyor scoops 
208 shown in those ?gures are replaced by curved blades 
234 mounted behind and radially outwardly from the 
holes 236 into which the scoop tubing 208 otherwise 
would be ?tted. Blades 234 scoop up the co?ee beans 
or other objects 16 and the air jet blows through holes 
236 to blow the objects into opening 216 of tube 12. 
Curved blades 234 may be secured to wheel 204 by any 
suitable means, such as by welding or providing threaded 
stubs and making holes in wheel 204. 

In FIGURES 9 and 10 is shown a feeding arrangement 
270 which is like the devices shown in FIGURES 5 
through 8 except that the objects 16 leave the conveyor 
wheel 204 and are thrown into opening 216 of tube 12 
by the action of centrifugal force rather than by an air 
jet. Also, the scoops 208 are replaced by scoops 271 
formed by a pair of slotted posts 272 and 274 (see FIG 
URE 10) force-?tted into holes in wheel 204, and a sheet 
metal member 276 ?tted into the slots of the posts. The 
innermost post 274 is located along a radius spaced clock 
wise from the radius along which the outermost post 272 
is located so that each scoop 271 holds the object until it 
reaches the proper release point. 
An advantageous feature of the arrangement shown in 

‘FIGURES 9 and 10 is that a blower is not required. 
This reduces the feeder cost and power requirements. 
Surprisingly, when this sorter is used to sort co?ee beans, 
both large and small beans follow almost the same trajec 
tory and enter opening 215 with great accuracy. 
The above-described feeding devices have any ad 

vantages over prior feeders, and especially over feeders of 
the vibratory type. First, and very importantly, the cost 
of the above-described feeders is low. In addition, the 
feeders are light weight, they use standard parts, and 
they provide an adjustable rate of feeding. Furthermore, 
they automatically separate out objects of very large size 
because the scoops can be made so that they will not 
pick up such large objects. What is more, none of these 
feeders has the undesirable vibration which accompanies 
the standard vibratory feeder, and it does not allow the 
objects to bunch up and pass through the sorting mecha 
nism in groups as so often happens in vibratory feeders. 

Together with the above-described feeder, the sorting 
apparatus 10 provides a relatively inexpensive device ca 
pable of sorting at a high rate of speed. Its simplicity 
insures that its maintenance cost will be low and insures 
that it can be operated by workers without special skills 
or training. ' 

The above description of the invention is intended to 
be illustrative and not limiting. Various changes or 
modi?cations in the embodiments described may occur 
to those skilled in the art and these can be made without 
departing from the spirit or scope of the invention as set 
forth in the claims. 
What is claimed is: 
1. Apparatus for sorting objects from one another, 

said apparatus comprising, in combination, means for 
guiding said objects along a predetermined path, lamp 
means positioned near said path for illuminating each of 
said objects as it moves along said path, apertured photo 
electric cell means substantially encircling said path for 
receiving illumination from said objects at a plurality of 
positions around said path, and means positioned adjacent 
said path for directing selected ones of said ‘objects into 
another path in response to the illumination received 
by said photoelectric cell means from said object. 

2. Apparatus as in claim 1 in which said photoelectric 
cell means is a photoelectric cell having an annular shape, 
and in which said cell is positioned with said path passing 
[through the central opening of said cell. 

3. Apparatus as in claim 2 in which said photoelectric 
cell is a selenium photovoltaic cell having a spectral re 
sponse curve substantially like that of the human eye. 
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4. Apparatus as in claim 1 in which said directing 
means includes a solenoid and a spring blade which is 
electively positionable by means of said solenoid to either 
block said path to de?ect objects or allow objects to pass 
by unde?ected. ' . 

5. Apparatus for feeding objects one-at-a-time into a 
sorting device, said apparatus comprising, in combina 
tion, means for receiving said objects, a movable support, 
a plurality of scoops on said support, [means for moving 
said movable support ‘so that said each of said scoops 
passes in sequence through a supply of said objects and 
picks up one object, and propelling means for developing 
a ?uid jet and directing said jet against said object while in 
said scoop to propel said object from said scoop into said 
receiving means. 

6. Apparatus as in claim 5 in which said propelling 
means is a blower which develops an air jet and directs 
said jet into said receiving means, in which said receiving 
means includes one passage aligned with said air jet and 
adapted to guide blown particles away from said sorting 
device, another passage branching oif from said one pas 
sage and adapted to guide said objects into said sorting 
device, and screening means at the entrance to said one 
passage, said screening means being adapted to pass par 
ticles smaller than a predetermined minimum size through 
it and away from said sorting device and de?ect all other 
objects into said other passage. 

7. Apparatus as in claim 5 in which said movable sup 
port is a disk which has a plurality of peripherally-located 
spaced holes, in which each of said scoops has a curved 
scoop surface facing generally in the direction of rotation 
of said disk, with each of said scoops being positioned 
closely adjacent one of said holes, and in which said pro 
pelling means comprises a blower for developing an air 
jet ?owing through each of said holes sequentially. 

8. Apparatus as in claim 5 in which each of said scoops 
has dimensions such that it will pick up objects no larger 
than a predetermined maximum size, thus preventing the 
feeding of oversized objects to said sorting device. 

9. An object feeder mechanism in combination with an 
object sorting device which sorts objects one-at~a-time, 
said feeder mechanism comprising, in combination, a ro 
tatable member, a plurality of scoops located on said 
member radially outwardly from the center of rotation 
of said member, each of said scoops being shaped to 
catch and carry only one object from a supply of said 
objects, means positioned adjacent said rotatable member 
for catching objects thrown out of said scoops and guiding 
said objects into said object sorting device, and means for 
rotating said rotatable member and causing said objects 
to be thrown one-at-a-time out of said scoops and into 
said catching means by means of centrifugal force. 

10. Apparatus as in claim 9 in which said rotatable 
member is a wheel and said scoops are located adjacent 
the periphery of said wheel at peripherally spaced inter_ 
vals. 

11. Apparatus as in claim 9 in which each of said 
scoops is adapted to lift and carry said one object ver 
tically out of said supply prior to throwing said object 
into said catching means. ‘ 

12. Apparatus for optically sorting objects one-at-a 
time, said apparatus comprising, in combination, a ro 
tatable conveyor member having a plurality of spaced 
scoop-shaped compartments each located radially out 
wardly from the center of ‘rotation of said conveyor 
member for picking up and carrying objects from a sup 
ply of objects and throwing said objects to a receiving 
point, receiving and guiding means for receiving thrown 
objects at said receiving point and guiding said objects 
along a predetermined path, lamp means positioned near 
said path for illuminating each of said objects as it moves 
along said path, apertured photoelectric cell means sub 
stantially encircling said path for receiving illumina 
tion from said object at a plurality of positions around 
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said path, and means positioned adjacent said path for 
directing selected ones of said objects into another path 
in response to the illumination received by said photo 
electric cell means from said objects. 

13. Apparatus for sorting objects from one another, 
said apparatus comprising, in combination, means for 
guiding said objects along a predetermined path, lamp 
means positioned near said path for illuminating each of 
said objects as it moves along said path, apertured photo 
electric cell means substantially encircling said path for 
receiving illumination from said object at a plurality of 
positions around said path, and means positioned adjacent 
said path for directing selected ones of said objects into 
another path in response to the illumination received by 
said photoelectric cell means from said object, said lamp 
means comprising a plurality of self-focusing lamps, the 
light beam of each lamp being directed toward said path 
without directly illuminating said cell means. 

14. Apparatus as in claim 13 in which said lamps are 
located in an array substantially encircling said path. 

15. Apparatus as in claim 14 in which said cell means 
comprises a pair of photocells, each encircling said path 
with said lamps located between said photocells, each 
photocell having a substantially flat photosensitive sur 
face aligned generally perpendicularly to said path, and 
with each light beam from said lamps being directed to 
wards said path in a direction generally perpendicular to 
said path. 

16. Apparatus for sorting objects from one another, 
said apparatus comprising, in combination, means for 
guiding said objects along a predetermined path, lamp 
means positioned near said path for illuminating each of 
said objects on more than one side as it moves along said 
path, a photocell positioned near said path for receiving 
illumination from positions on the surface of said object 
extending a major portion of the distance around said 
object at a plurality of spaced apart positions adjacent 
said path and summing the illumination received from 
various sides of said object, and means positioned adja 
cent said path for directing selected ones of said objects 
into another path in response to the illumination received 
by said photoelectric cell means from said object. 

17. Apparatus for sorting objects from one another, 
said apparatus comprising, in combination, a tube made 
of transparent material, said tube being inclined with 
respect to ‘horizontal, a housing surrounding a portion of 
said tube, a plurality of lamps mounted in said housing, 
each of said lamps being positioned so as to direct its 
light towards the longitudinal axis of said tube in a plane 
which is transverse to said axis, and an annular photo 
electric cell positioned adjacent to said plane with said 
tube passing through the central aperture of said cell, 
and with the photo-sensitive surface of said cell facing 
towards said lamps, means positioned adjacent said path 
for directing selected ones of said objects into another 
path, and electrical means for selectively actuating said 
directing means in response to the re?ected illumination 
received by said photoelectric cell means from said object. 

18. Apparatus as in claim 17 including two of said 
annularly-shaped photoelectric cells, one being positioned 
above said lamps and the other below said lamps, said 
cells being located symmetrically with respect to said 
lamps and said longitudinal axis of said tube. 

19. Apparatus for sorting undesirable co?ee beans and 
debris from desirable coffee beans, said apparatus com 
prising, in combination, a vertical tube with transparent 
walls, a photocell assembly head comprising a cylindrical 
housing, a pair of annular selenium photovoltaic cells 
mounted in said housing, each of said cells having a 
spectral response substantially like that of the human eye, 
said photocell assembly head being mounted so as to 
surround said tube with said tube passing through the 
central apertures of said cells, a circular array of lamps, 
each of said lamps being located equidistant from each 
of said cells and symmetrically with respect to the others 

10 

15 

20 

25 

45 

50 

55 

65 

70 

75 

12?, 
of said lamps, and the light beam of each lamp being 
aimed at the longitudinal axis of each said tube, another 
photocell positioned below the lowermost of said annular 
photocells, another lamp positioned opposite said other 
photocell so as to direct its light through said tube and 
into said other photocell, a solenoid-operated deflecting 
mechanism positioned below the outlet opening of said 
tube, said mechanism being operable to de?ect said debris 
and said undesirable coffee beans away from the direction 
of said longitudinal axis of said tube, and to allow said 
desirable beans to continue in said direction, and separate 
containers for catching the de?ected objects and those fall 
ing in said direction. 

20. In apparatus for sorting objects from one another, 
said apparatus including photoelectric means for detect 
ing the relative re?ection of light by said objects, and 
electrically-operated diverting means for changing the di 
rection of movement of selected ones of said objects, elec 
trical circuit means for controlling the operation of said 
diverting means, said circuit means comprising, in com 
bination, means for developing an energizing signal for 
said diverting means in response to the passage of an 
object through said apparatus, ?rst disabling means for 
developing a signal for disabling said energizing signal 
means if and when the photoelectric signal developed by 
said object reaches a ?rst predetermined value, and sec~ 
0nd disabling means for developing a signal for disabling 
said ?rst disabling means if and when the photoelectric 
signal developed by said object reaches a second pre 
determined value which is greater than said ?rst predeter~ 
mined value by a pre-set amount, said energizing signal 
means being adapted to develop its energizing signal after 
the development of said ?rst and second disabling signals. 

21. Apparatus as in claim 20 in which each of said 
disabling means includes a unijunction transistor relaxa 
tion oscillator circuit for developing said disabling signal. 

22. Apparatus as in claim 21 including adjustable 
means for biasing each of said unijunction transistors to 
pre-set said ?rst and second predetermined values, said 
adjustable means including two potentiometers for sep 
arately adjusting the bias on each of said unijunction 
transistors, meter means, and switch means for alterna 
tively connecting said meter to the wiper of either of said 
potentiometers to aid in pre-setting said predetermined 
voltage values. 

23. Apparatus as in claim 20 including a time-delay 
monostable multivibrator adapted to be switched into its 
unstable condition by said ?rst disabling signal to deliver 
a corresponding disabling signal to said energizing signal 
means, said multivibrator also being adapted to be re 
turned to its stable condition by said second disabling 
signal. 

' 24. Apparatus as in claim 20 in which said energizing 
signal means includes photocell means for detecting the 
passage of said object through said apparatus, said photo 
cell means being positioned to detect said object after it 
has passed said photoelectric means, and a monostable 
time-delay multivibrator adapted to produce an energizing 
signal upon being switched into its unstable condition, 
said multivibrator being adapted to receive a disabling 
signal and to be switched by the receipt of a signal from 
said photocell means when no disabling signal is received. 

25. In photoelectric sorting apparatus, a device for de 
veloping electrical signals whose intensities depend upon 
the light re?ected from objects moved through said device 
along a predetermined path, said device comprising, in 
combination, a housing, a plurality of self-focusing lamps 
which produce a narrowly con?ned beam of very intense 
light mounted in said housing, at least one photoelectric 
cell mounted in said housing, said light being directed 
towards said path so as to illuminate objects traveling 
along said path but without directly illuminating said 
photoelectric cell, said photoelectric cell having its light 
sensitive surface facing said objects while they are illu 
minated. 
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26. Apparatus as in claim 25 including a pair of photo 
electric cells mounted parallel to one another at opposite 
ends of said housing with their photosensitive surfaces 
facing one another, each cell having a central hole pro 
viding an opening for said objects to pass through said 
housing, said lamps being arrayed symmetrically about 
the axis of said holes and being directed to shine in a plane 
substantially parallel to said cells. 

27. Apparatus as in claim 26 including ?rst and sec 
ond light ?lters each covering the light-sensitive surface 
of one of said cells, the light passed by one of said ?lters 
having a frequency range substantially different from the 
range of frequencies passed by the other of said ?lters, 
electrical circuit means for developing an electrical ratio 
signal which is a function of the relative intensity of the 
signals produced by said cells, and a level detection circuit 
connected to said ratio circuit means for producing an 
output signal in response to its receipt of a ratio signal 
having a magnitude within a predetermined range. 
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