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This invention relates to inspection methods and mech 
anisms, vand more particularly to methods and mech 
anisms for automatically inspecting articles such as cap 
sules, tubes, envelopes or the l-ike made of gelatin, plas 
tic, `glass or other transparent 'or translucent materials. 
The method and machine of the present invention 

as disclosed herein are specifically adapted to inspect 
gelatin capsules of the type which are used in the drug 
industry as in-gestible containers for drugs, medicines, 
vitamins and other ingredients intended to be taken orally. 
These capsules are ltransparent and consist of a body 
tube and a cap tube each being closed :at one end and 
telescopically assembled together to form a closed con 
tainer. The capsules Iare made of what is customarily 
referred to as hard -shell gelatin and may be rapidly and 
economically manufactured by :fully automatic machin 
ery. 

However, many problems are encountered in the in 
spection of such capsules, some «of which are inherent in 
the material of the capsule while `others are due to the 
particular method of manufacture. Hard shell gelatin 
capsules are capable of holding :a charge of static elec 
tricity, causing :adhesion to non~cond~uctive surfaces as 
well as problems of attraction `or repulsion between the 
capsules themselves. IFrom a mechanical viewpoint, these 
capsules are unstable objects due to «their lightness, mak 
ing them diiiicult articles to individually handle or trans 
port. The capsule assembly is statically unbalanced due 
to »the body and cap tubes being of »different lengths and 
diameters, and it also is dynamically unbalanced due to 
variations in wall thickness around the circumference of 
the capsule. In addition, ‘gelatin capsules are adversely 
affected by moisture since they must be highly soluble 
in Water. Thus, undue manual handling tends to seriously 
dama-ge the polished surface and also weaken the struc 
ture lof the capsules. 
The capsules are »fragile and therefore care must be 

taken to prevent the capsules from being scratched, crum 
pled, pierced cr otherwise damaged during the inspection 
process, whether it be mechanical yor manual. In fact, 
there are over twenty identifiable defects which may ap 
pear in gelatin capsules during or after their manufac 
ture even though they have been made cn fully automatic 
machinery. Some of 'these defects are as follows: chipped 
edges, bubbles, holes, mashed portions, llats, dirt, cap 
snle trimmings, [and improper length of the capsule as 
sembly. 

It is therefore an object of the prese-nt invention to pro 
vide an improved mechanized method for rapidly and ac 
curately inspecting transparent or translucent objects for 
a Wide variety of defects. 

Another object is to provide a method of the above 
character in which Ithe objects being inspected are con 
tinuous-ly transported during the actual inspection thereof 
as Well as between inspection stations, thereby eliminat 
ing the need for synchronizing and cycling equipment in 
the transport structure. ì 

A Ifurther object is to provide an improved method oct 
inspecting hard shell ygelatin capsules wherein said cap 
sules are clamped in a conveyor and ejected therefrom by 
the use of negative and positive «ait pressures, thereby 
providing a highly reliable mechanized transport method 
while reducing the risk of damage to the fragile capsules. 
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A still further object is to provide a rapid method for 
inspecting translucent or transparent ‘objects regardless of 
the color thereof. 

Y Yet another object is to provide an improved and sim 
pliiied electrical system which cooperates with the me 
chanical equipment employed in the method of the inven 
tion to provi-de a highly reliable, rapid and eiiicient in 
spection process. 

It is also a related and equally important object of the 
present invention to provi-de an improved inspection ma 
chine which is »capable of accurately, reliably and elli 
ciently performing all the steps of the method ‘of the 
invention. 
Another object is to provide an improved inspection 

machine which is economical to construct, operate and 
repair. 
A ~further object is to provide »an improved inspection 

machine having a tail-sate detection system which auto 
matically shuts down the machine in case cf malfunction 
and simultaneously indicates the trouble spot to service 
personnel. 

Still another object is to provide an improved trans 
port mechanism for rapidly handling fragile objects such 
as `gelatin capsules which is also capable of segregating 
individual capsules ‘from a mass thereof and feeding the 
same at spaced intervals between as well as at various 
elevations. 
A further object is to provide an improved inspection 

machine which is capable of rotating yor spinning cylin 
drical objects »at a high rate of speed simultaneously with 
the transport of the objects in the direction of the axis of 
rotation thereof through an inspection station. 

In the accompanying drawing-s: 
FIGS. l and 1A are simp-liñed semi-schematic ilow 

diagrams which together illustrate the inspection method 
of the invention, FIG. lA »being a continu-ation of the 
method -steps illustrated in FIG. l; 
FIG. 2 is -a perspective view of an inspection machine 

provided in accordance -with the invention tor performing 
_the steps of the method of the invention illustrated in 
FIGS. land lA; 

lFIGS. 3 and 3A are -tragmentary side elevational views, 
partly in cross section, respectively illustrating the me 
chanical portions of the machine ‘of FIG. 2 which per 
form the method steps shown in FIGS. l and 1A; 
FIG. 4 is a cross section-al view Iof »an inclined chute of 

the machine taken ̀ on the line 4-4 'of FIG. 3; 
FIG. 4A is an enlarged :fragmentary elevational view 

of lthe transfer point between a vibratory ‘feeder and the 
inclined chute; 
FIG. 5 is an enlarged fragmentary view of the length 

inspection and rejection stations of the above machine 
taken in section lalong the longitudinal vertical center 
plane of the inclined chute shown in FIG. 3; 
FIG. 6 is a fragmentary cross sectional view taken on 

the line 6~6 of FIG. 5; 
FIG. 7 is a lfragmentary cross sectional view ltaken on 

the line 7-7 ̀of FIG. 5; 
FIG. 8 is a fragmentary plan view of a portion of the 

conveyor îbelt used .in :the horizontal »transport mechanism 
of the machine; 

FIG. 9 is an enlarged fragmentary cross sectional View 
taken cn the line 9_9 of FIG. 3A and illustrating a baffle 
for seat-ing capsules in the conveyor belt; 
FIG. l0 is an enlarged ̀ fragmentary cross sectional view 

taken on line 10--10 ̀of FIG. 3A showing kickback rollers 
and a vacuum chamber associated with the conveyor 
belt; 
FIG. l1 is an enlarged fragmentary elevational view 

of the spin scanning inspection station of the machine; 
FIG. '12 is a cross sectional view of the drive mecha 
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nism for the spin rollers, taken on the line 12-12 of 
FIG. ll; 

FIG. 13 is a fragmentary cross sectional view of the 
spin station taken on line 13-13‘ of FIG. ll; 

FIG. 14 is a further enlarged fragmentary view of a 
portion of FIG. 13 illustrating a capsule being spun and 
scanned for defects; 

FIG. l5 is an enlarged fragmentary cross sectional view 
taken on the line 15-‘~15 of FIG. 3A illustrating the re 
jection station for capsules found defective in the spin 
station; 

FIG. 16 is a fragmentary cross sectional view taken 
on line 16-16 of FIG. 3A illustrating the accept station 
and portions of an endless transverse conveyor belt for 
delivering acceptable capsules from the machine; 

FIG. 17 is a series of graphs which illustrate signal 
wave shapes occurring in different portions of the defect 
inspection circuitry shown in FIG. 1A; and 

FIG. 18 is a front elevational View of the control panel 
for the inspection machine of the invention. 

Inspection Met/10d and General Operation 
0f Inspection Machine 

Referring successively to FIGS. 1 and 1A of the ac 
companying drawings, the mechanical and electrical meth 
od steps for inspecting capsules in accordance with the 
invention are illustrated in semi-schematic and block dia 
gram form to facilitate understanding of the invention. 
The first step of the method includes gravity delivery 
of gelatin capsules Ztl from a supply storage device 22 
to a feeder mechanism 24 at an input rate substantially 
equal to the output of the mechanized inspection method. 
Feeder mechanism 24 operates to provide an output of 
capsules 20 aligned in single tile formation on a sub 
stantially horizontal surface 27 of the feeder 24. In 
accordance with one feature of the invention, capsules 
20 are fed one 4at a time at spaced intervals down an 
inclined chute 28 by causing the capsule to be pushed 
while poised on the brink of the chute by the capsule 
immediately therebehind. The capsules accelerate under 
the influence of gravity and are guided and stabilized 
by the chute in their descent so that the longitudinal axis 
of each capsule remains aligned with the direction of 
travel of the capsules. 

In the second step of the method, capsules 20 are in 
dividually inspected for length defects while they are 
traveling down inclined chute 28. To perform this step, 
a length inspection station 31) is positioned along in 
clined chute 28 through which each capsule passes with 
out any interruption of its motion down the chute. 
Length detection station 3G includes suitable conduits 31, 
32 and 33 for conducting radiant energy from a suitable 
source 34 of such energy. These conductors are posi 
tioned to project such energy from one side of chute 
28 in the form of three beams lying respectively in 
spaced apart parallel planes disposed at right angles to 
chute 28, these beams being indicated by the dashed lines 
extending from the ends of the conductors 31, 32 and 
33. On the opposite side of the chute and aligned with 
each of the conductors are mounted three sensing de 
vices 35, 36 and 37. Due to the type of radiant energy 
utilized in this step, these beams are at least partially 
obstructed by the particular material of the object being 
inspected. The sensing devices are selected to have an 
electrical characteristic which is responsive to the fre 
quency of, and which varies in accordance with the in 
tensity of, the beam of radiant energy impinging thereon. 

In order to detect capsules of improper length, con 
ductors 31 and 32 are spaced apart in the plane of cap~ 
sule travel by a predetermined distance corresponding to 
the minimum acceptable capsule length. Conductors 31 
»and 33 are likewise spaced apart but in accordance with 
the maximum acceptable capsule length. Hence, cap 
sules 20 which are of correct length establish a given 
set of signals at the outputs of the signal sensing devices 
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35, 36, 37. A capsule 20a of the correct length passing 
through the length inspection station first diminishes the 
signal received by sensing device 35 and then, as the 
leading edge of the capsule passes the beam cast by 
conductor 32, the signal therefrom will also be diminished. 
Prior to the time when the leading edge passes the beam 
cast by conductor 33, the trailing edge of the capsule 
passes the beam of conductor 31, causing the signal out 
put of sensing device 35 to return to the unobstructed 
level. This output condition in which a diminished signal 
is being produced at the intermediate sensing device 36 
while unobstructed signals are being produced by the 
outer sensing devices 35 and 37 corresponds to a signal 
reading of a correctly sized capsule 20a. On the other 
hand, a signal output condition in which diminished 
signals are being received from all three sensing devices 
indicates an overlength capsule, while a signal condition 
in which the output of sensing device 3S changes from a 
diminished to an undiminished level prior to any change 
in the undiminished signals being produced by sensing 
devices 36 and 37 indicates an underlength capsule. 
These latter two sets of signal conditions therefore repre 
sent capsules of improper length, and by length inspection 
circuitry to be described subsequently in greater detail, a 
reject signal is generated when these conditions occur 
which is transmitted to a length rejection station 38. 

Reject station 38 includes a mechanism, which, in re 
sponse to the output signal from the length inspection 
circuitry, admits a cross blast of compressed air into the 
bottom of chute 28 as an improper length capsule 2Gb 
enters the reject station. The jet of air lifts capsule 2Gb 
off the chute and carries it into a reject storage hopper 
44. Capsules 28m of the correct size-pass on through 
the length rejection station »and continue on down chutey 
Z8. 

Referring to FIG. 1A, the lower end of inclined chute 
28 terminates a slight distance above the upper run of 
an endless conveyor belt 46. Capsules 20 descend directly 
from chute 28 to the horizontal surface of belt 46, belt 
46 having a row of longitudinally spaced openings or 
slots 46a therein which are aligned with chute 28 and 
which are of the correct length to receive proper length 
capsules 20 therein. The openings in belt 46 are oriented 
so that capsules received therein have their longitudinal 
axes aligned with the direction of capsule travel. An 
open track structure 48 is disposed beneath the surface 
of the upper run of belt 46 to support the caspules in 
openings 46a. Another feature of the method of the 
invention is to run conveyor belt 46 at a speed such 
that approximately twice as many openings 46a travel 
past the lower end of chute 28 as there are capsules 
arriving at the end of the chute. Thus each capsule 
has two targets, thereby eliminating the possibility of cap 
sules piling up on the belt. 

In order to rapidly and reliably seat individual cap 
sules in openings 46a of the conveyor belt, a negative air 
pressure or vacuum system is provided which causes a 
constant flow of air through openings 46a and into a 
vacuum chamber 5t), as indicated by the arrows in FIG. 
1A. Once the capsules 20 are seated by the air stream in 
slots y46a they remain vacuum clamped therein during 
the entire travel thereof over chamber 50. Capsules are 
transported by belt `46 in the vacuum clamped condition 
a distance sufficient to stabilize the capsules in the slots 
prior to reaching the next inspection station. 
The next step in the method of the invention is to spin 

the capsules about their longitudinal axis while linearly 
transporting the same. While the capsules are traveling 
along track 48 the angular velocity of the capsules is sub 
stantially zero. As the capsules are carried past the end 
of track 48 they engage and are supported by a pair of 
parallel spin rollers 60 which are spaced laterally apart 
and aligned so as to form a continuation of supporting 
track 48. Rollers 60 are rotated at a predetermined angu 
lar velocity so that capsules traveling between adjacent 
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rollers are spun by frictional contact therewith so that the 
capsule has an angular surface velocity transverse to the 
direction of transport which substantially exceeds the 
linear transport velocity thereof. The vacuum system 
serves to hold the capsules in place between the spin 
rollers and insures a good frictional driving contact. 

Inspection for all capsule defects except those of im 
proper length is performed while the capsules are simul 
taneously being spun and transported, In accordance 
with this step of the method, a beam of radiant energy to 
which the particular object being inspected is permeable 
is projected through the longitudinal center plane thereof. 
The radiant energy preferably includes wave lengths in 
the infra-red region (wave lengths within the range of 
7600 to 100,000 angstroms) which are transmitted by 
translucent or transparent objects without being influenced 
by differences in the color thereof. A detection system 
is thus provided which is insensitive to color variation in 
the product being inspected, thereby permitting inspec 
tion of multi-color assortments of capsules of successive 
runs of differently colored capsules without changing the 
setup of the inspection stations. 

Infra-red radiation is transmitted from light source 34 
to the spin scanning station in a manner such that a fixed 
beam of infra-red radiation penetrates each capsule over 
the entire length thereof as the capsules moves past the 
beam. A sensing device 59 is mounted in a position with 
respect to the capsule transport path to receive the beam 
cast through the capsule. The ouput of sensing device 59 
is an electrical signal having an amplitude proportional to 
the intensity of the beam of infra-red radiation received 
by the sensing device. It has been found that a wide 
variety of defects or flaws in the capsules directly affect 
the amount of infra-red radiation absorbed by the capsule> 
as it passes through the fixed beam. Hence, detection 
of such defects is made possible through the use of de 
fect inspection circuitry connected to the sensing device 
59 which translates the high amplitude, defect indicating 
portions of the signal from sensing device 59 into an 
actuating signal. This circuitry also translates the actuat 
ing signal into a delayed rejection signal which occurs 
after a defective capsule being inspected has moved from 
the spin scanning station to a defect rejection station 80. 
The details of the electrical system for effecting this trans 
lation of the scanning signal Will be explained subse 
quently in greater detail: 
The defect rejection station 80 includes suitable ap 

paratus for supplying compressed air to a point beneath 
the conveyor belt 46 and between an open track struc 
ture 82. The output signal from the defect inspection 
circuitry serves to actuate this apparatus so that com 
pressed air lifts and carries a defective capsule 20d up 
wardly into a defect storage hopper 87. It is to be noted 
that the capsules are vacuum clamped during the trans 
port thereof along track 82 and through the defect re 
jection station. 

Acceptable capsules 20 continue on through the defect 
rejection station until they reach an accept station in 
dicated at 90. Here the capsules are no longer supported 
from beneath by track S2 and hence they fall out of 
openings 46a and drop onto the upper run of an endless 
belt delivery conveyor 92 located beneath accept station 
90. Conveyor 92 carries capsules 20 to the end thereof 
where they drop olf into an accept storage bin. 

Detailed Description of Inspection Machine 
Referring now to FIG. 2, there is shown a machine 

constructed in accordance with the present invention for 
inspecting translucent or transparent objects of generally 
cylindrical shape, such as the aforementioned hard shell 
gelatin capsules 20. This capsule inspection machine is 
capable of efficiently performing all of the steps of the 
above described method and it does so in each of six 
channels arranged side-by-side in a pair of three-channel 
tracks, thereby achieving a high rate of production with 
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6 
a minimum of cost. Inasmuch as each channel is a sub 
stantial duplicate of every other channel, those features 
common to each channel will be described only with 
reference to a single illustrative channel. Some of the 
reference numerals which were applied to general struc 
ture described in connection with the above inspection 
method are hereafter re-applied to corresponding specific 
structure of the machine of the invention. 
The inspection machine is preferably arranged as a 

self-contained unit with the only outside connections be 
ing to a suitable source of electrical power, The me 
chanical equipment for transporting and inspecting the 
capsules is mounted on the top of a cabinet C while the 
length and defect inspection circuitry is mounted in a 
separate module M for each channel. Each module M 
is contained in a vertical chassis slidably mounted for 
ease of access Within cabinet C and at one side thereof. 
Also enclosed within cabinet C are a vacuum pump V 
driven by an electric motor E as well as other equip 
ment not directly involved in handling the capsules. 
Mounted on the top of cabinet C at one end thereof are 
a pair of capsule supply storage bins 22 into which are 
placed quantities of gelatin capsules which are to be 
inspected for the existence of a variety of possible de 
fects. Storage bins 22 have a funnel shaped outlet so 
as to provide a continuous gravity ilow of capsules to a 
vibratory feeder 24 at a rate approximately the same as 
the output inspection rate of the machine. 

Capsule F eedz‘ng Mechanism 
Vibratory feeder 24 is shown in FIG. 3 and may com 

prise a commercially available unit such as that sold 
under the trademark Peeco by Automation Devices, In 
corporated of Erie, Pa. This feeder includes a bowl-like 
hopper 25- spring mounted on vibrator 26 which, at the 
rate of 60l cycles per second, rotates hopper 2'5 through a 
very small angle in one direction while simultaneously 
lifting the hopper, and then reverses this motion to return 
the hopper to its initial angular position and elevation. 
These vibrations are isolated from the rest of the inspec 
tion machine by shock mounting vibrator 26 on rubber 
feet 26a. The perimeter of hopper 25 is provided with 
three inclined ramps 27 each i-n the form of a spiral which 
runs from the 4flat bottom surface of the hopper and 
terminates at the upper, outer edge of the hopper. Cap 
sules fed to the center of the bottom surface of the 
hopper from storage bin `22 migrate to the bottom ends 
of ramps 27 and creep up the ramp ̀due to the particular 
oscillatory motion of the hop-per, the feeder thereby de 
livering a single file of capsules ‘20 to each of the upper, 
output ends of ramps `27. 
A pair of inclined chutes 28, one for each feeder 24, is 

positioned with the upper ends thereof closely `adjacent 
but not touching the output ends of ramps 27 so as to 
each receive three lines of capsules 20 `being fed there 
from. Inclined chutes 2Sl each have three V-shaped 
grooves 28a (FIG. 4) in the upper surface thereof for 
guiding the capsules as they fall with their longitudinal 
axes aligned in the direction of capsule travel. The 
-grooved surfaces of chute 28 are highly polished to facil 
itate sliding movement of the capsules and to reduce the 
likelihood of ‘damage thereto. 
As shown in FIG. 4A, a V-groove 2817 having a length 

at least equal to half the average overall length of capsules 
20 is provided in chutes 28 at the 'upper end of each in 
clined V-groove 28a. Since chute 2S is supported on a 
relatively steady portion of the machine, and since the 
upper end of the chute Idoes not touch the upper end of 
ramp 27, the horizontal V-groove 28h provides a non 
vi‘brating support or “dead plate” for receiving capsules 
one at a time from ramp 2,7. Capsules are propelled into 
horizontal groove 28h 4by the motion of ramp 2'7. Once 
a capsule is clear of ramp 27 and is supported in horizontal 
groove 28b it is no longer subject to vibrational motive 
forces. In order for a capsule resting in horizontal groove 
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28h to be advanced over the edge thereof onto the in 
clined portion of chute 28 it must be pushed over by the 
next capsule propelled olf the upper end of vibratory 
hopper ramp 27. Thus, the interposition of a steady 
horizontal surface between the vibrating ramp and the 
inclined groove insures that only one capsule at a time 
enters the inclined portion of chute 28, that each capsule 
in such portion of the chute is spaced from the next 
capsule, and that capsules do not tumble down the chute 
from being fed too fast over the edge of the horizontal 
portion 28h. 

Length Inspection Mechanism 

After a capsule has fallen approximately halfway down 
chute 2S and thus has had sutiicient time to stabilize itself 
in the groove, it enters a length inspection station 3l); 
Length inspection station 30 is shown in `detail in FIGS. 
5 and 6 and consists of a housing 36a containing a shelf 
3G11 in which nine photo diodes are arranged and support 
ed in three groups each having three diodes 35, 36 and 37 
pointing into one of the .grooves 28a in chute 28. Shelf 
3llb is slotted to receive a pair of diode mounting blocks 
30e and 30d which are suitably drilled to receive the diodes 
and which are slotted to receive screws 30e for adjustably 
fastening the mounting blocks on the shelf. On the 
underside of chute 28 beneath housing 30 another pair of 
mounting blocks 3W and 3tlg are similarly fastened to 
chute 28 so as to adjustably support the ends of infra-red 
conductors 31 and 33. An intermediate conductor 32 is 
supported in a hole drilled at an angle through chute 28. 
Each groove has two spaced apart slots 28e therethrough 
which respectively receive conductors 31 and 33 for ad 
justment longitudinally of the chute to establish maximum 
and minimum length limits as well as acceptance toler 
ances for the capsules being inspected. 
The conductors 31, 32, 33 are preferably light tubes 

of the type known as “fiber optics” which consist of very 
small diameter glass strands or fibers which are indi 
vidually cut and joined together to form a bundle of 
parallel fibers which are then encased by an outer opaque 
protective coating. These liber optics are very flexible and 
yet transmit light from one end to the other with high 
efficiency. For capsule inspection purposes it is not 
necessary to transmit an image through the fiber optic and 
therefore the orientation and quality of the liber is not 
critical, allowing the use of less expensive grades of iiber 
optics. Hence the light emitted from» the output end of 
the tiber optic tube may be scrambled light and may 
diverge at an angle of about 30° from the end of the tube. 
However, this provides a suiiiciently narrow -beam for 
length inspection inasmuch as the spacing between the 
output end of the liber optic tubes and the particular 
photo diode opposite thereto is only slightly greater than 
the diameter of the capsules. 
The infra-red sensing devices 35, 36, 37 are preferably 

semi-conductor photo `diodes which are tiny cylindrically 
shaped objects of small ̀ diameter having an input aperture 
at one end of the cylinder and electrodes attached and led 
away from the other end. The small diameters of the 
iiber optics 31, 32, 33 and photo diodes 3S, 36, 37 (ap 
proximately 1A; and 1/16 inch respectively) permit a corn 
pact arrangement of the same in the length inspection 
housing 3de. The semi-conductor photo diodes are made 
of silicon and are inherently more sensitive to infra-red 
radiation than to visible light. 
A light source 34 for length inspection is mounted with 

in cabinet C which preferably includes a standard high 
quality industrial type incandescent lamp 'bulb having a 
polished reliector enclosed within the glass envelope there 
of. Since parallel light is not needed in the length inspec 
tion station, no lenses are needed in the light source. 
Also, since ordinary incandescent light bulbs emit a great 
deal of infra-red radiation as well as visible light waves, 
infra-red is obtained without special equipment. rl'he in 
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8 
put ends of the liber optics 31, 32, 33 need only be mount 
ed in fixed position in the beam cast by lamp 34. 
The above features of the length inspection station 30 

of the capsule inspection machine permit use of a stand 
ard light bulb and a standard photo diode for generating 
«and detecting infra-red radiation. Because of the sen 
sitivity characteristic of the diode, no filter is needed to 
remove wave lengths other than infra-red, and therefore 
the inspecting beam may contain visible light without 
hindering the inspection. As mentioned earlier, infra 
red radiation is transmitted equally by gelatin capsules 
of all colors, and hence use of radiation of this Wave 
length provides a simple method of eliminating the color 
characteristic from the tlaw characteristics being detected 
in the product by the inspection machine. The input 
arrangement of the diode is such that it receives light 
from a narrow angle of field and this feature allows 
the use of a compact arrangement of the fiber optics 
without cross over occurring in the beams cast by ad 
jacent ñber optics. 

Length inspection station 30 operates in accordance 
with the length inspection method of the invention de 
scribed above. The electrodes connected to the output 
end of diodes 35, 36, 37 are connected to length in 
spection circuitry to be described subsequently in detail, 
which circuitry actuates a capsule ejection mechanism 
in order to remove improper length capsules 2Gb from 
chute 28. Inasmuch as length inspection station 30 op 
erates from signals caused solely by the leading and 
trailing edges of a capsule passing successively through 
the three beams, it is to be understood that opaque as 
well `as transparent objects may be inspected. Also, a 
type of radiant energy other than infra-red may be used 
in the length inspection station even for a multi-colored 
assortment of capsules as long as the electrical circuitry 
is adjusted for actuation by the minimum signal change 
caused by those capsules which absorb the least amount 
of radiant energy. 

Mechanism for Rejecting Improper Length Capsules 
Length rejection station 38 is shown in detail in FIGS. 

5 and 7 'and is located immediately below length inspec 
‘tion station 30. The location of station 38 is determined 
by the characteristic delay time of the length detection 
and relay circuits, including the operating delay in a reject 
solenoid and valve mechanism 39, and by the speed at 
which capsules 20 travel down inclined chute 28. The 
solenoid and valve mechanism 39 is of conventional con 
struction and is located within cabinet C remote from the 
reject station and operates to open land close a com 
pressed air line 40. The output end of air line 40 is 
threadably received in a port 41a in a cover plate 41 
mounted beneath chute 28. Port 41a leads into a mani 
fold chamber 28e which extends beneath the V-shaped 
grooves 28a of `chute 2S. Manifold 23e distributes air 
to a row of small holes 23f which extend upwardly from 
manifold 28e into the bottom of groove 28a. These 
holes 28f subdivide the single stream of air from pipe 
40 into a series of line air jets, thereby minimizing the 
volume of ejection air while maximizing the velocity 
thereof so that length defective capsules 2Gb are reliably 
ejected from groove 28a into a length reject hopper 44 
(FIG. 3). Hopper 44 is mounted above and extends 
away from the lower portion of chute 28, the length 
reject port-ion of hopper 44 terminating at a transverse 
partition 44a which preferably consists of a loosely lhung 
gauze screen to prevent the ejected capsules from bounc 
ing back into chute 28. Rejected capsules 2Gb are re 
moved from hopper 44 via an opening 44b in the side 
of the hopper. Capsules 2t) of correct length pass on 
through rejection station 38 and continue down inclined 
chute 28 which feeds the capsules directly to a horizon 
tail transport mechanism located `beneath chute 28. 

Horizontal T rnnsport Mechanism 

Referring to FIG. 3A, the horizontal capsule trans~ 
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port mechanism includes an endless all-metal conveyor 
belt 46 made of a thin band of metal suitably heat -treated 
to have 'high liexibility. Belt 46 is supported on and 
frictionally driven by a driving drum 47a and an idler 
drum 47b which are journalled at the ends of a pair 
of long, vertical plates 49a and 49b mounted on the top 
of cabinet C (FIG. l0). The drive mechanism for con 
veyor belt 46' consists of standard units including an 
electric motor El, a reduction gear mechanism R, a 
driving belt B and a `double right angle drive unit D 
which transmits power to the pair of driving drums 47a 
required to run a two belt machine. The provision of 
an integral metallic conveyor belt is advantageous in 
that, unlike `a chain belt, it requires no lubrication in 
asmuch as flexing occurs internally in the belt. Also, 
it is easier to align than a chain belt and does not present 
a sagging problem. 
As best seen in FIGS. 8, 9 and 10, belt 46 is provided 

with three longitudinally extending rows of slots 46a 
which are spaced laterally for alignment with the triple 
grooves 28a -of inclined chute 28. Each slot 46a is 
sufficiently long to receive one capsule assembly 20 
therein, and is slightly wider than the diameter of capsule 
20 to allow it to `drop through the slot. At each end 
of slots 46a there is an integral tab 46h which is bent 
inwardly ̀ at right angles to the surface of belt 46 to form 
end walls for retaining the capsules in the slots. Each 
of the belt drums 47a, 47b is triple grooved to receive 
the three rows of tabs 46h, the solid portions of the 
belt between each longitudinal row of slots 46a riding 
on lands of the drum adjacent «the grooves thereof las 
belt 46 ru-ns around the drums. The upper course of 
belt 46 runs over a track structure 48 comprising four 
longitudinally extending bars 48a which Áare beveled 
along their upper edges to provide the inclined sides of 
three V-shaped grooves 48b each of which is disposed 
beneath a lc-ngitudinal row of slots 46a. Bars 48a are 
spaced from each other a predetermined distance so 
that the bottom of each groove 48h is open throughout 
its length. Bars `48a are supported on a plate 48o 
having longitudinal slots 48d communicating with the 
gaps between the bars. The distance between the bars 
is such that .a capsule 20 received in groove 48h is slid 
ably supported on the inclined surfaces thereof, the 
capsule being pushed and retained lengthwise by belt 
tabs 46b which extend into grooves 48b. Preferably 
the beveled upper edges of bars 48a, like inclined chute 
2S, are highly polished to facilitate sliding movement of 
the capsule without damage thereto. 
A vacuum chamber 50 is provided beneath each of 

the conveyor belts 46 which extends from a forward 
wall 50a thereof located beneath the lower end of chute 
28 to a rearward wall 50b thereof located just ahead of 
a delivery conveyor 93. These end walls are integral 
with the side and bottom walls of a casting 50c, one cast 
ing being supported on the outer side of each of the par 
allel plate-s 49a, 49k. Several large 'orifices 49C extend 
through each of plates 49a, 49h which provide air pas 
sages between vacuum chambers 50 and the space be 
tween plates 49a, 4919. The bottom of -this space con 
nects with the inlet pipe V1 of vacuum pump V. Nega 
tive pressure in inlet V1 causes a constant flow of air 
from the atmosphere through slots 46a of conveyor belt 
46 into the V-shaped grooves 4812, down through the gaps 
between bars 48a, into vacuum chambers 50 ‘and via 
orifices 49C into the space between plates 49a, 49h. 
Thus, each slot 46a forms the inlet orifice to this vac 
uum system and the air~pressure differential existing 
thereaonoss serves to draw and hold capsules 20` in the 
slot as they «are pushed along the beveled edges of bars 
48a. 

Conveyor Loading Mechanism 

The direct transfer of rapidly descending capsules from 
inclined chute 23 to a horizontal transport position in 
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slots 46a of the rapidly moving conveyor belt is achieved 
in la reliable manner by the provision of a transfer mech 
anism including a transparent housing 54 which encloses 
the lower end of chute 28 and the upper surface of con 
veyor belt 46 adjacent thereto. As best shown in FIGS. 
3A and 10, housing S4 comprises a pair of vertical side 
walls 54a spaced apart by a horizontal top wall 54b and 
held in assembled relation by a pair of studs 54e having 
knobs 54d threadably received on the outer ends thereof. 
'Ihe inner ends of studs‘54c are secured to a U-frame 
55 which rests on plate 48C intermediate belts 46, 
U-frame 55 also serving as the support for the lower 
ends of chutes 28. A transverse vertical wall 54e en 
closes the rear end of housing 54 while chute 28 forms 
the forward wall of the housing. Housing 54 retains 
the capsules over the upper run of conveyor belrt 46 until 
they are seated in slots 46a of the belt. Housing 54 
causes a high pressure differential to exist where the 
V-grooves 28a of chute 2Sv enter the housing so that a 
rapidly moving yair stream enters at this point and then 
exits through slots 46a in the conveyor belt. Hence, 
when the capsules enter the portion of grooves 28a with 
in housing 5'4 they are confined therein Iand guided by 
the »air stream into slots 46a. 
Two additional devices `are provided within housing 

54 to assist this homing action. A comb 56 (FIG. 9) 
comprising a flexible rubber baille or tongue 56a for 
each longitudinal row of slots 46a is hung vertically over 
belt 46 from a transverse bar 56b. Comb 56 catches 
those capsules which fail to initi-ally seat correctly in 
slots 46a. It also serves as a backstop for those capsules 
which bounce otf the unslotted portions of belt 46 and 
contains them within a “settling” larea between chute 28 
and the comb. A kickback roller mechanism 57 (FIG. 
10) is located further along belt 46 near the rearward 
end lof housing 54 which includes an electric motor E2 
located intermediate belts 46. Motor E2 has a double 
ended d-rive shaft wh-ich extends transversely into hous 
ing 54 and on which a pair of rollers 57a are mounted 
for rotation therewith. Rollers 57a are made of soft 
rubber Iand are positioned so that the bottom circum 
ference of the roller is spaced slightly above the upper 
surface of the belt. Rollers 57a are rotated in a direc 
tion opposite to >the movement of the belt surface tan 
gential thereto (clockwise yas viewed in FIG. 3A) so that 
capsules which are incorrectly seated in slots 46a or 
which have failed to enter `a slot yare kicked back to the 
rear side of comb 56 and are thereby given another 
chance to home in the slots. Thus, only capsules which 
are correctly seated within slots 46a are permitted to 
move onward past rear wall 54e of housing 54 to the 
next stage of the horizontal transport mechanism. 

Capsule Spinning and Scanning Mechanism 

Referring ito FIGS. 11-14 as well `as to FIG. 3A, the 
next stage of the inspection machine includes a capsule 
spinning mechanism which rotates the capsules about the 
longitudinal `axis thereof without interrupting horizontal 
transport of the capsules. In order to accomplish this 
compound motion, four horizontal and parallel spin 
rollers 60a, 60b, 60e and 60d are each positioned in 
alignment with one of the four beveled track bars 48a 
so that the lateral spacing between adjacent rollers forms 
an extension of the V-shaped grooves 48b formed be 
tween 'bars 48a. Spin rollers 60a, 6tìb, 60e, 60d are 
rotatably supported by two sets of live short roll-ers 61a, 
61b, 61C, 61d and 61e each rotatably supported on ball 
bearing >assemblies mounted at the ends of a cradle frame 
61. As best seen in FIG. 12, the center roller 61C at 
the forward end of cradle frame 61 and the rollers 61h 
and 61d adjacent thereto are each peripherally grooved 
to receive a rubber O ring 61]c thereon which provides 
a resilient frictional Contact between short rollers 61b, 
61e and 61d and spin rollers 60a, 60b, 60c- and 60d. 
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The outermost short rollers 61a and 61e have a smooth 
polished cylindrical metal surface which rolls against the 
cylindrical surface of outermost spin rollers 60a and 60d. 
Short center roller 61C rotates the two middle spin rollers 
60b and 60C in the same angular direction and these spin 
rollers in turn drive short rollers 61h and 61a.' which 
rotate the outermost spin rollers 60a `and 60d with the 
same angular velocity and direction as spin rollers 60.5 
and 60e. The outermost short rollers 61a and 6i@ serve 
merely as idlers for rotatably supporting outermost spin 
rollers 60a and 60d. 
An electric drive motor E3 is hung beneath bars d8 

lby a mounting bracket 62 secured thereto and journalled 
on a transverse shaft 63. The center of gravity of motor 
E3 is forward of bracket 62 so that the weight of the 
motor is utilized to urge a bevelled driving wheel 64 
aliixed to the motor drive shaft upwardly against the 
center drive roller 61e. This pivotable mounting of the 
motor 'thus provides a simple ‘friction ciu-tch arrangement 
to prevent damage in the event of the spin rollers be 
coming jammed, and also provides a drive which is self 
adjusting for wear. The provis-ion of a frictional drive 
system for the spin rollers eliminates lubrication prob 
lems and minimizes the cost of replacement parts. 

Spin rollers 60a, 60h, 60e, 60d are held Ávertically and 
laterally in place on the short rollers by the weight of 
the spin rollers and by magnetic attraction to permanent 
bar magnets 65 which .are vertically mounted in longi 
tudinally spaced positions in cradle frame 61 so that a 
pair of magnets 65 is positioned `directly beneath each 
of the spin rollers. In order to prevent endwise move 
ment of the spin rollers, the ends of each spin roller are 
countersunk to provide recesses 60e into each of which 
a spring `loaded pin 66 projects from its slide mounting 
in the ends of bars 40 and 82. Under ideal conditions 
with the spin rollers in perfect -alignment there is little 
or no contact between pins 66 and the ends of the spin 
rollers. However, pins 66 do engage the sides of re 
cesses 60e to hold the spin rollers in place when, `for 
example, a foreign object drops between the rollers. The 
conical shape of recesses 60e causes pins 66 to retract 
against their springs when the spin rollers are lifted up 
wardly to remove the rollers for servicing. With this 
suspension arrangement, it is `a simple matter to replace 
the spin or short rollers as they wear out. 

In operation, Spin rollers 60a, 6011, 60C, 60d are ro 
tated Iat an angular velocity of approximately 7000 rpm. 
for .a Ibelt speed of approximately 300 slots per minute. 
Capsules 20 arriving at the ends of bars 48 with sub 
stantially zero angular velocity are pushed by belt tabs 
46b into the spaces between `adjacent spin rollers. Due 
to the negative air pressure in the vacuum chamber 50, 
a high velocity air stream is maintained between the spin 
rollers which holds the »capsules in position and in »fric 
tional driving contact therewith. During travel of the 
capsules along the ñrst half of the length of the spin 
rollers, the capsules accelerate from zero to approxi 
mately 14,000 rpm., depending upon the ratio of the 
spin roller diameter to capsule diameter ̀ and the slippage 
losses in the frictional drive. During travel of the cap 
sules over the llast half of the spin rollers they continue 
to spin 4at full velocity while being simultaneously in 
spected for all defects other than for improper length. 
As shown in detail in FIGS. 1l and 13, a ñber optic 

58 is positioned so that its output end terminates just be 
low the spin space between each of the spin rollers 
60a, 60h, 60e, 60d. Fiber optics 58 are adjustably sup 
Iported in an L-shaped bracket 66 which is fastened to 
plate 49a by a pair of cap screws 67, and suitable slots 
61g ̀ are formed in cradle 61 to permit insertion of fiber 
optics vertically therethrough. The input ends of liber 
optics 5S are mounted to receive infra-red radiation from 
a suitable light source, such as light source 34 previously 
`described or a ‘duplicate thereof positioned physically 
closer to the spin inspection station. The infra-red radia 
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tion transmitted by fiber optics 58 is projected in a vertical 
beam from each of the ouput ends thereof so that the 
beam penetrates capsules 20 along the center longitudinal 
plane thereof as they are advanced over the beam by belt 
46. The ratio of transport speed to spin speed of the 
capsules is determined so that the beam circumferen 
tially scans a predetermined increment of axial length 
thereof for every three revolutions of the capsule. Three 
photo diodes 59 are supported on a shelf 68a enclosed 
within the overhanging arm of a housing 68 which is 
supported on the portion of cradle frame 61 lying be 
tween conveyor belts 46. Each `diode 59 is positioned 
«directly opposite one of the ñber optics to receive the 
beam cast therefrom. 'I'he photoelectric signals gener 
ated by diodes 59 in response to the beam are conducted 
by lead wires 69 to defect inspection circuitry contained 
in modules M, this circuitry being described in detail 
hereinafter. 

Mechanism for Rejecling Defective Capsules 
Referring to FIG. l5, a capsule rejection station is 

shown which is located a predetermined distance beyond 
the point at which capsules 20 are scanned by the infra 
red inspection beam. The rejection station includes a 
horizontal plate 81 which is supported on vertical plates 
49a and 4911 and extends laterally therefrom to form 
the top rear cover of vacuum chamber 50. Four longi 
tudinally extending track bars 82 are supported in later 
ally spaced apart positions on plate 81 with each bar in 
alignment with one of the spin rollers 60a, 6011, 60C, 60d 
in a manner identical to the alignment of track bars 43 
positioned ahead of the spin rollers. Capsules 20 are 
pushed |by belt 46 from between the spin rollers into the 
V-grooves 82a formed by the beveled upper edges of bars 
`82., the vacuum system still being effective to maintain the 
capsules clamped in slots 46a of belt 46. 

Beneath bars 82 and within vacuum chamber 50 a 
manifold block 83 is bolted to the outer side of vertical 
plate 49a. Manifold block 83 has three longitudinally 
extending internal air `bores 83a rlocated directly beneath 
each of V-grooves 82a. A longitudinal row of vertical 
tubes 84 extend upwardly from each air bore 83a and 
terminate at the bottom of each groove 82a. Each air 
bore 83a also communicates with a vertical air bore t’ßb 
which is «connected via a horizontal air bore 83e to »an 
internal air passage 49d provided in plate 49a. Air 
passages 49d communicate via suitable piping with sole 
noid operated air valves 85 (FIG. 3A) which control 
the flow of «compressed air from a compressed air line 86 
to air passages 49d. When a »defective capsule 20d 
`arrives over the row of air tubes S4, valves 85 are opened 
lby their respective solenoids in response to an -actuating 
signal received from the defect inspection circuitry, there 
by causing a blast of compressed air to issue from tubes 
84 in the form of high velocity jets which eject defective 
capsule 20d upwardly from between bars 82 and into a 
reject hopper 87. Reject hopper 87 is constructed in 
tegrally with reject hopper 44 and is separated internally 
therefrom by the gauze screen 44a. An opening 87a is 
provided in the side of hopper 87 for removing rejected 
capsules. 

Mechanism for Removing Acceptable Capsules 
Completely inspected and fully acceptable capsules are 

pushed by belt 46 past the reject station to the ends of 
lbars 82 which terminate in a capsule accept station shown 
in FIGS. 3A and 16. The ends of bars 82 overhang an 
endless conveyor belt 93 which runs transversely of and 
.between the upper and lower runs of conveyor belts 46. 
Conveyor belt 93 runs on a pair of drums 94 which are 
journalled in a pair of spaced apart vertical side plates 
95 which extend through suitable openings in plates 49a 
and 49h and receive support therefrom. One of the 
drums 94 is driven by a belt 96 which >connects with a 
drive pulley of the 'double right angle drive D. A mani 
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fold block 9‘7 is bolted to a plate 98 so as to overhang 
both conveyor belts 93 »and 46. Manifold 97 ̀ has a hori 
zontal air bore 97a therein which connects »a compressed 
air line 99 with three rows of vertical holes 97b drilled 
in the bottom side of manifold 97 directly over the longi 
tudinal rows of slots 46a of belt 46. Capsules carried 
past the ends of bars 8'2 fall from slots 46a onto the 
upper run of belt 93, the air jets issuing from holes 9‘7b 
serving to dislodge any capsules which are stuck in the 
belt 46. Acceptable capsules are thus collected from each 
of the six channels of the inspection machine and are 
carried to the end of delivery belt 93 Where they drop 
olf into a storage bi-n, not shown. 

Timing Mechanism 
Transport conveyor belt 46 runs empty beyond de 

livery conveyor belt 93 through a timing mechanism 
100, shown in FIG. 3A. Timing mechanism 10‘0 con 
sists of a housing 101 positioned transversely over belts 
46 in which a pair of' photo diodes 102 is supported, 
each diode being ali-gned with one longitudinal row of belt 
slots 46a in the respective belts. A pair of fiber optics 
103 is Ilikewise »aligned with longitudinal rows of belt 
slots l46a by adjustably fastening the liber optics in a 
mounting block 104 supported beneath belt 46. The in 
put ends of >liber optics 103 4are mounted in the same 
light source as is used to generate infra-red radiation 
for fiber optics 5S. The output end of each fiber optic 
1'03 casts a beam of infra-red radiation through each 
belt slot 46a as it passes thereover, the slotted conveyor 
belts 46 thereby causing timing signals t0 be generated 
by diodes 102 which are utilized in the defect inspection 
circuitry yassociated with the spin inspection stations of 
each belt 46. ' 

In addition to generating a timing signal, the move 
ment ̀ of conveyor belt 46 is used for cleaning the output 
ends of fiber optics 58 and 103. As shown in FIGS. 3A 
land 8, cleaning pads 10‘5 made of suitable soft, non 
abrasive material are ailixed to the inner sur-face of belt 
46 between successive belt slots 46a. Pads 105 are 
aligned with fiber optics 58 and 103 and extend slightly 
beyond belt slot tabs ̀ 46b so as to contact and wipe clean 
the output ends of the liber optics once during each revo 
lution of conveyor belt 46. 

Length Inspection Círcuizry 
The electrical signals Vgenerated by photo diodes 35, 36 

and 37 in response to a capsule 20 passing through :length 
inspection station 30 «are translated into a solenoid-valve 
actuating signal by the circuitry indicated in block dia 
4gram form in FIG. 1. Photo vdiodes 35, 36, 37 lall pro 
duce signals of substantial-ly the same wave shape for a 
particular capsule since each of the respective infra-red 
beams impinging thereon is affected in the same manner 
by the particular capsule. The leading and traili-ng edges 
of the signal from each photo diode represent the passage 
of the leading and trailing edges of a capsule past the 
beam received by each diode. The signiñcant difference 
in the signals from the three photo diodes is the time at 
which they begin and terminate. 

Photo diodes 35, 36, 37 are respectively connected by 
conductors 110, 112 ‘and 114 to conventional transistor 
ized amplifier stages 116, 118 and 120l which preferably 
have rapid rise and decay characteristics to minimize 
distortion in the most significant portions of the capsule 
modulated signal. The amplified signals from amplifiers 
116, 118, 120 are fed respectively via conductors 122, 
124-, and 126 to trigger stages 128, 130, :and 132 of the 
known Schmidt type. These Schmidt trigger stages are 
bi-stable or two-state devices Which produce ya square 
wave output signal of the same duration as the input sig 
nal thereto. Preferably Schmidt trigger 128 generates a 
square wave signal which, for example, rapidly goes from 
zero reference potential to negative 15 volts when it is 
turned “on” by the lea-ding edge of the input signal 
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thereto. Trigger 12S then produces a steady direct cur 
rent output potential at the minus l5 volt level until the 
trailing edge of the input signal switches the trigger to the 
“off” condition, whereupon the output level of the signal 
rapidly returns from minus 15 volts to zero potential. 
Schmidt triggers 130 and 132 are actuated in the same 
manner and generate square Wave signals which, for the 
above output signal of trigger 128, have a direct current 
potential of minus 15 and plus 5 volts respectively in the 
“off” condition thereof, while in the “on” condition there 
of they respectively generate la direct current signal of 
plus 5 and minus 15 volts. 

These output signals from triggers 128, 130, and 132 
lare Ited by conductors 134, 136, and 138 to a gate 140. 
Gate 140 includes conventional diodes Which are suit 
ably connected to develop an input signal for an amplifier 
stage 142 whenever the combined output of Schmidt trig 
gers 128, 130, 132 indicate that »an underlength or over 
length capsule is passing through length inspection sta 
tion 30. A capsule which is too short causes gate 140 to 
pass ian input signal ‘due to the output signal from trigger 
128 returning to the “olf” condition prior to trigger 130 
switching to its “on” condition. An input signal is also 
passed when an over-length capsule causes the output sig 
nal from trigger 128 to continue in the “on” condition 
thereof until after the output signal from trigger 132 is 
triggered from the “off” to “on” condition. 

Amplifier stage 142 ampliñes the triggering signal 
passed by gate 140, and the output of amplifier 142 is 
connected via a conductor 144 to a pulse generator 146. 
Pulse generator 146 is preferably a well known single 
shot multi-vibrator comprising two inverting transistor 
rampliiiers statically coupled in one direction and capaci 
tively coupled in the other so that a trigger pair is formed 
which is stable in only one state. The amplified trigger 
ing signal sets pulse generator 146 into the unstable «con 
dition where it remains for the period of the time deter 
mined by its RC network lafter which it flips back to 
the stable state, here its “off” condition. The magnitude 
and duration of the output signal of pulse generator 146 
is set to lactuate solenoid 39a which opens an air valve 
39b interposed in compressed air line 40', thereby caus 
ing a blast of compressed air to eject an improper length 
capsule into the reject hopper 44. The fore-going trans 
lation `from capsule lengthinspection to improper length 
capsule rejection requires time in both the electrical cir 
cuitry and in the mechanical rejection mechanism. This 
time is measured and multiplied by the velocity of cap 
sule 20h ialling through length inspection station 30 to 
»arrive at the cor-rect spacing between the length inspec 
tion `station and reject station 38. 

Spin Inspection Circnitry 
The defect inspection circuitry associated with one 

channel of »the spin scanning station of the inspection 
machine is shown in block diagram form in FIGS. lA 
and 17 along with `graphs illustrating the Wave shapes 
occurring at selected points in this circuitry. The output 
electrodes of semi-conductor photo diode 59 are connected 
via a conductor 160 tot a pre-ampliiier stage 162. Pre 
amplifier 162 is -of conventional transistorized construc 
tion and functions to amplify the composite sign-al devel 
oped by linear movement of the solid portions of belt 46, 
by the leading and trailing edges of belft slot 46a land by 
the empty capsule assembly 20 spinning therein. The 
output wave shape of the electrical signal developed by 
pre-amplifier 162 is indicated therebelow on a voltage 
time graph for both la good capsule and a defective cap 
sule. When the beam of infra-red radiation is completely 
blocked by the solid portion ̀ of belt 46 between slots 46a, 
the electrical potenti-all of the output signal is at a D.C. 
level indicated 164 in FIG. 17. When the forward edge of 
`a slot `46a passes into the beam of infra-red radiation, 
the potential of the photo diode output signal drops to a 
1ro-obstruction D.C. leve-l 165 proportional to maximum 
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beam intensity and then rises to some D.C. value shown 
at 165 which is proportional to> the amount »of infra-red 
radiation transmitted through the body tube of the empty 
capsule. The wave shapes are based on the assumption 
that the good ̀ and bad capsules are being transported with 
the inner body tube leading the outer cap tube, and with 
the rearward end of the cap tube riding against the rear 
ward belt slot tab 46h. Capsules may also be transported 
in a position reversed from the illustrative position, in 
which case the signal levels representative of the body 
and cap tubes are ‘also reversed from that shown in the 
voltage-time graphs. 

imperfections in the empty `capsules such as bubbles, 
holes and scratch marks in the walls of the capsules, stria 
tions and scraper marks imparted by the manuliacturing 
machinery to the surfaces of the capsule, and foreign 
objects such as dint, specks or dark inclusions in the 
wall itself, have been found to occur, with respect to the 
longitudinal center axis of the capsule, as circumferential 
variations in the infrasred conductivity of the capsule. 
Thus when a capsule is rotated, these circumferentially 
non-continuous defects cause a variation in the intensity 
of the infra-red beam emitted from the capsule each time 
the capsule is revolved. Due to the high spin speed of 
the capsule (approximately 14,000 rpm.) these defects 
cause correspondingly high frequency amplitude varia 
tions in the relatively steady signal level 166 which in 
turn represents infra-red radiation absorbed by the oppo 
site sides of the body tube of the capsule as it moves 
axially through the beam with a relatively slow forward 
speed (approximately five inches per second). When 
the beam strikes the point in the capsule assembly where 
the cap tube begins, it passes through four walls instead 
of two. This circumferentially continuous axial variation 
in the infra-red conductivity of the capsule assembly is 
reflected at a low frequency established by the axial 
transport speed Iof the capsule and, as seen in the wave 
shape graph, causes a change in the potential level be 
tween signal portion 166 ‘and a signal portion 168. In 
other words, this large, low frequency potential shift repre 
sents the beginning of the signal generated by the beam as 
it axially scans the portion of the rotating capsule assem 
bly where the cap and body tubes overlap. As the cap 
sule moves on past the beam of infra-red radiation the 
trailing edge of slot 46a blocks off the beam and the 
signal therefore returns to the potential level 164. 

It is to be understood that the particular capsules under 
consideration average about one half inch in axial length 
and about one quarter inch in diameter. It has been 
found possible to detect those defects, such as a bubble 
21 (FIG. 14), having a relatively short axial dimension 
on the order of thousands of an inch. This is achieved 
by utilizing Va photo diode having .an input aperture which 
admits a scanning beam of relatively small diameter, 
preferably on the order of one sixteenth of an inch or 
less. With this small diameter scanning beam a high 
signal-to-noise ratio is obtained, thereby increasing the 
sensitivity of the spin inspection mechanism for detecting 
very small defects. To insure that such small defects 
are not missed by the small diameter scanning beam, the 
capsule transport-to-spin speed natio is adjusted so that 
the average diameter capsule is rotated approximately 
three times as it advances axially by a distance equal to 
the dimension of the scanning beam taken in the direc 
tion of axial capsule movement. Thus the leading edge 
of a defect such as bubble 21, regardless of the axial 
dimension of the defect and its angular position with 
respect to the scanning beam, is `certain to intersect the 
beam at least three times at its point of intersection with 
the ‘beam closest to the photo diode. Hence, such defects 
each cause three high frequency Iamplitude variations as 
they travel through the beam. At least one of these 
amplitude variations exceeds that established as repre 
sentative of «a minimum significant defect. In the fore 
going manner, a bad capsule containing three axially 
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short defects produces «a signal having three high am 
plitude, high frequency signals 170, 171 and 172 as illus 
tnated in exaggerated form in the bad capsule voltage 
time graph associated with the output of preampliñer 
162. 

In order to translate this indication of a defective 
capsule into a capsule rejection signal, the composite signal 
produced by preamplifier 162 is fed via conductor 173 
to a conventional high pass filter stage :174 consisting of 
a single L-C section. Due to the wide differential in the 
spin and transport speeds of the capsule, the filter may 
have a wide pass characteristic for the high frequency 
defect-indicating portions of the signal and still reliably 
filter out the low frequency variations characteristic of 
the belt slot edges, of the closed ends of the capsule tubes, 
and of the edges of the open ends of the capsule tubes. 
The filtered high frequency signal is fed via a conductor 

176 to a conventional transistorized amplifier stage 173 
the output of which is a signal as shown in the wave shape 
diagrams of FIG. 17 `associated with the output of am~ 
pli-fier 178. A good capsule produces a signal wherein 
the amplitude of the high frequency variations does not 
exceed a predetermined potential level 180 indicative 
of a defect, while the particular bad capsule under con 
sideration generates a signal having at least one amplitude 
peak for each defect indicating signal 170:1, 171a, 172a 
which exceeds the predetermined potential level 180. 
These high potential signals are fed via a conductor 184 
to the input of a transistor comparator stage 186. Com 
parator 186 is suitably biased to produce an output signal 
when the input thereto from amplifier i178 exceeds the 
predetermined amplitude level 180 indicative of a mini 
mum significant defect. The wave shape diagram asso 
ciated with the output of comparator 186 illustrates the 
difference in output signals thereof between a good and 
bad capsule, the output signal for the bad capsule having 
three defect-indicating pulses 170C, y171C and 172C cor 
responding to the defect-indicating signals 170a, 17141, 
172a. 

In order for the infra-red beam to scan the entire length 
of a capsule as it is spun past the beam in the defect 
inspection station, a defective capsule must ge rejected 
at some time after and not simultaneously with the detec 
tion of a defect therein. To accomplish this delayed rejec 
tion, a circuit 190 known as a shift register is provided 
to which triggering signals from comparator 186 are 
conducted via a conductor 189. Shift register 190 func 
tions to delay these signals in time, the signal delay being 
correlated with the movement of a defective capsule from 
the spin station to the reject station. It has been found 
convenient to space reject station 80 from the spin station 
by a distance ‘of three belt slots 46a. Thus while a defec 
tive capsule lis being transported this distance beyond the 
inspection beam cast by fiber optic 58, shift register 19€) 
is storing a signal which is used to yactuate the solenoid 
of rejection valve mechanism 85. 

Swift register 190 contains three flip-liop stages 192, 
194, and 196 of `conventional design and each utilizing 
two transistors which are connected as a bi-stable trigger 
pair to operate as two inverting amplifiers statically cou 
pled to each other. The tnigger signals 170C, 171C, 172e 
representing the three defects in the bad capsules are fed 
from :comparator 186 via conductor 189 into the first flip 
ñop stage 192. Any one of these trigger signals is 
capable of setting Hip-flop 192, but once flip-liep 192 is set 
by the first signal 170C, lthe subsequent signals 171e and 
172e do not affect the state of the liip-liop. 
The reset inputs to the three ñip-ñops 192, 194 and 196 

are each controlled by reset pulses which are generated 
by the timing photo diode 102 and fed vila conductor 19S 
to the respective reset inputs of the fiip-flops. Timing 
diode i102 is positioned a predetermined distance from 
the inspection beam cast by fiber optic 58 so that the lead 
ing edge `of an empty slot `46a passes through the infra 
red beam cast between fiber `optic 103 and timing diode 
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102 just »after the slot 46a Icontaining the defective capsule 
has finished passing through the inspection beam. Hence 
the timing signal arrives at the reset input of flip-flop 192 
after all defect-indicating `signals from a capsule being 
inspected, such as signals 170e, 171c,«172c, have arrived at 
the input of flip-flop 192. lit is lalso to be noted that 
this relative positioning of timing diode 102 and inspecting 
diode 59 with respect to the belt slots insures that trigger 
ing pulses are not applied to the set input of flip-flop 192 
at the same time that timing pulses 'are being applied to 
the rest input of flip-flop 192. 

In operation of shift register 190, the aforesaid defec 
«tive capsule undergoing spin scanning yinspection causes 
the ñrst trigger signal 170C to be generated which then 
turns flip-flop 192 to its “on” condition. The timing pulses 
generated by ‘empty belt slots passing successively through 
the inizia-red timing beam then 'successively shift this 
condition or information from flip-flop »192 to flip-flop 
194, to flip-flop 196, and thence to a pulse ̀ generator 200. 

Pulse generator 200 preferably is a transistorized single 
shot multi-vibrator which is set by the timing pulse when 
this pulse is gated to the input of generator 200 by the 
`output of `flip-flop 1-96. The output signal from pulse 
generator 200 thus occurs when the defective capsule has 
moved slightly more than three spaces away from the 
inspection station land is positioned over the row of air 
tubes 84. The youtput signal from pulse genera-tor 200 
is conducted via conductor 202 to the solenoid-'actuated 
`valve mechanism 85, causing it to open compressed air 
line 86 so that t-‘he defective capsule is ejected by the air 
jets issuing from air tubes 84. 

It will now be appreciated that the simultaneous spin 
ning yand transporting »of »a capsule as it is inspected makes 
possible the use of a relatively simple electrical system 
wherein undesired signals generated »by the track and by 
the ends of the cap and tube bodies of the capsule assem 
bly tare easily eliminated by «a single conventional filter 
section. rIlhe hiigh lspin-,to-‘transpont speed ratio »also 
'permits the use of ‘a scanning beam of relatively small 
cross sectional area for maximum sensitivity by causing 
several revolutions of the capsule as each axial increment 
thereof eqn-al to the axial beam width passes through the 
beam. These features together cooperate to provide rapid, 
_uninterrupted and reliable inspection of capsules. 

Malfunctz'on Detection System 

Referring to FIGS. 1 and 1A, the capsule inspection 
machine yof the invention is provided with a malfunction 
detection system which senses the occurrence of a sto-p 
page or «outage in any of the significant operating com 
ponents of the machine. When this happens certain elec 
trically powered components of the machine are shut off 
by la relay switch 210 which yopens power leads 218 and 
220 connected through a power control box 212 to a 
,power supply 213 which in turn is connected to a suitable 
`source »of alternating current power supply. Power leads 
214, 216, 218 [and 220 are respectively connected to spin 
motor E3, vacuum pump motor E, the ldrive motor for 
vibratory feeder mechanism 24, and the transport and 
delivery conveyor motor E1. ` 
The malfunction :detection components are electrically 

energized where necessary by a power supply 222 con 
nected via power control 212 and independently of relay 
210 to the source of A_C. power. Power supply 222 is 
connected with .a conventional “OR” gate 224 which 
operates to produce an output signal for actuating relay 
210 upon receiving `an input signal from yany one of the 
malfunction detection devices. The first detecting device 
in the order of capsule travel through the machine is a 
light-'off ldetector 226 (FIG. 1) which includes «a suitable 
photocell for generating a malfunction signal which is 
fed by ra conductor 228 to gate 224 if and when the infra 
red generating lamp of light source 34 fails to provide an 
output above »a predetermined intensity. 

Referring to PIG. 1A, an 'lair pressure detector «234 
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is 'provided which includes a pressure switch for gen 
erating .a malfunction signal which is fed via conductor 
236 to gate 224 whenever the positive air pressure in 
compressed air line `40 supplying length and defect rejec 
tion stations 38 and 80 falls below a predetermined posi 
tive pressure level. It is to be noted that air line 40 is 
connected to the exhaust> pipe of vacuum pump V so that 
vlthe -pump provides the supply of compressed «air as well 
Ias vacuum for the inspection machine'. Hence yair pressure 
detector 234 also senses the occurrence of a failure in the 
vacuum system. 

Referring to FIGS. 11, l2 and 1A, malfunction of spin 
rollers 60a, 60‘b, 60e, `60d isV detected by four magnetic 
pickups -238 which are mounted in pairs in each of the 
cradle `frames 61 in a vertical position with the upper 
ends thereof closely adjacent the undersurfaces of outer 
`rnost spin rollers 60a and 60d. Two small holes 240 are 
drilled 180 degrees apart in each of spin lrollers 60a and 
.60d in'an axial position opposite magnetic pickups 238. 
Rotation of the spin roller causes each of the radi-al holes 
240 to rotate past magnetic pickup 238 twice during each 
revolution of the spin roller, thereby causing variations 
in th-e magnetic llux density in pickup 238 which occur 
„at double the frequency of spin roller speed. Magnetic 
pickup 238 includes ̀ a coil windin-g which is balanced for 
the electrical signal generated in pickup 238 when the spin 
_rollers »are rotating within a given speed range, such as 
¿from 7000 rpm. and above. A malfunction signal is 
generated by the coil becoming unbalanced Whenever the 
frequency of the input signal falls ybelow a predetermined 
level corresponding to the minimum desired spin roller 
speed. This malfunction signal is fed via a conductor 
242 to an amplifier 244 which provides an amplified mal 
function signal fed via conductor 246 to gate 224. Due 
to the particular driving mechanism for the spin rollers 
wherein the center short roll-er `61e drives the middle spin 
rollers 60'b and 60e and these in turn via short rollers 
61b and 61d drive outermost spin rollers I60a and 60d, it 
is only necessary to detect malfunction of two of the four 
spin rollers. If the outermost spin rollers are functioning 
properly, the middle rollers must likewise be functioning 
properly. 

In order to sense stoppage of transport conveyor belt 
46, a stopped track detector 248 is connected via a lead 
250 tothe output from timing photo diode 102'. Detector 
`248 thus receives a signal having a frequency determined 
by the number of empty slots 46a per second passing tim 
ing diode 102, and if and when this signal falls below a 
predetermined frequency level detector 248 operates to 
Ígenerate -a malfunction signal which is `fed via lead 252 
to gate 224. 
' Malfunctioning of the length and defect inspection cir 
cuitry is detected by a periodic scanning system which de 
termines whether or not the inspection machine is finding 
:enough defective capsules in accordancerwith predeter 
mined statisticalßestimates of the quality o-f the run of 
capsules being inspected. This detection system includes 
a reject storage memory 260‘ connected via a lead 262 
to the `output lead 147 of length reject pulse generator 
146. Reject storage memory 260 is also connected by 
another lead 264 to the output lead 202 of llaw reject 
pulse generator 200‘. Whenever an improper length cap 
sule in a -given channel causes a length rejection signal to 
be` generated, or whenever a capsule containing flaws 
causes the circuitry associated with spin scanning diode 
59 to generate a rejection signal, a relay connected to the 
pulse generator 'for such channel is actuated in reject stor 
age memory 260i. At the end of a statistically predeter 
mined timeinterval, such as fifteen minutes, a timing 
mechanism in a scanner 266 connects -all the relays in 
reject storage memory 260 with “OR” gate 224 via lead 
268. Tlrese relays are bi-stable switches which upon be 
ing set remain in this condition until reset by connection 
with the fifteen minute scanner 266. If any of the relays 
have been opened during the nfteen minute period by the 
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occurrence of a reject, an open circuit condition exists 
from scanner 266 to gate 224. However, if no rejects 
have occurred within this time interval the relays form 
a completed circuit, thereby passing a malfunction signal 
generated by scanner 266 to gate 224 so as to shut down 
the machine. 

It is to be understood that, as in the case of the periodic 
scanner 266, where the `operating components of the ma 
chine are duplicated for each of the six channels of the 
machine, the malfunction detection devices associated 
with these components are repeated as necessary for each 
channel. 

Metering and Control Panel 

Referring to FIG. 18, a control panel 280 is shown 
which may be mounted directly on cabinet C of the ma 
chine, as illustrated in FIG. 2, or which may be located 
remote from the machine on a master board for cen 
tralized control of a bank of inspection machines. Con 
trol panel 280 includes an on-otf toggle switch 282 for 
main power control as well as an on-off pushbutton 
switch 284 for vacuum pump motor E. A calibration 
control 286 and a calibration ammeter 288 are provided 
for respectively adjusting and indicating the gain of pre 
amplifier stage 162 of ̀ the spin inspection circuit. The re 
mainder of contr-ol panel 280 contains malfunction in~ 
dicators and capsule counters. 
As indicated schematically in FIG. 1A, each malfunc 

tion detecting device in addition to providing a malfunc 
tion input signal to “OR” gate 224 also turns on a mal 
function indicator light located on control panel 280. 
For example, if one of the spin rollers should stop rotat 
ing »during operation of the machine, the malfunction sig 
nal from magnetic pickup amplifier 244 causes gate 224 
to shut down the conveyor -belt and vibratory feeder and 
simultaneously via lead 292 energizes a spin malfunction 
indicator light 290. In like manner, lights 29‘3, 294, 295 
and 296 respectively indicate malfunctions of the vacuum 
system, compressed air system, conveyor belt 46, and 
light source `34. The scanner 266 of the periodic scan 
ning system is also connected so that a malfunction sig 
nal caused by a “no rejec ” condition occurring in the 
length or spin inspection stations respectively lights in 
dicator lamps 306 and 308 provided ̀ for each of the six 
channels. 
The capsule inspection machine also keeps track of the 

total number of capsules inspected, the number o-f cap 
sules rejected because of improper length, and the num 
ber of capsules rejected because of defects detected in 
the spin station. In order to accomplish this, output lead 
134 from Schmidt trigger 128 in the length inspection cir 
cuitry is connected to a pulse generator 298 (FIG. 1), 
preferably a single-shot multi-vibrator, which actuates a 
total count mechanism 300. Pulse generator 298 receives 
a signal every time a capsule passes through length in 
spection station 30, the count for each channel being in~ 
dicated in a separate totalizer 308‘ mounted in an upper 
row on control panel 280 (FIG. 18). `In order to count 
the number of capsules rejected for being of improper 
length, a length reject counter ‘302 is provided for each 
channel which is connected to the output lead 147 of 
pulse generator )146' of the length inspection circuitry so 
that the rejection mechanism actuating signal therefrom 
also serves to actuate length reject counter 302 (middle 
row on control panel 280). Similarly, a ñaw reject 
counter 304 (FIG. 1A) is connected to the output of 
pulse generator 200 of the spin inspection circuitry so 
that it is actuated every time a capsule is rejected as a 
result of defects detected in the spin station. 
The above described capsule inspection machine pro 

vides good quality control characteristics due to the pro 
vision of the counters which give an immed-iate indication 
of the total number of defective capsules versus the 
total number of capsules inspected. In addition, the 
method of the invention wherein defective capsules are 

10 

20 

25 

30 

40 

45 

60 

70 

75 

20 
segregated into those of improper length and those having 
liaws detected by spin inspection, with a separate count 
of each type, cooperates with the malfunction detecting 
»and indicating equipment to give a quick approximate 
indication of where the defect-causing trouble is occurring 
in the capsule production process. 
We claim: 
l. A method for inspecting an object for ̀ defects which 

represent, with respect to one axis of the object, circum 
ferential variations in the conductivity of the yobject for 
the type of radiant energy hereinafter defined including 
the steps of projecting a beam «of radiant energy from a 
source thereof through the object in a direction trans 
verse to said axis, said beam of radiant energy being of 
a type which is capable of being transmitted through the 
object with a reduction in beam intensity proportional to 
the radiant energy conductivity of the object, causing 
relative movement between the Xobject and beam in the 
direction of said axis at a predetermined velocity to cause 
the leading and trailing edges and other circumferentially 
continuous axial 'variations in said conductivity of the 
object to modulate the intensity of said beam at ya ñrst 
frequency corresponding to the relative axial velocity be 
tween the beam and the object, simultaneously rotating the 
object about said axis with a predetermined angular 
velocity suflicient to produce a surface velocity of the 
object relative to the beam substantially greater than the 
axial velocity thereof to cause said circumferential con 
ductivity 'variations in the object to modulate the in 
tensity of said beam at a second ̀ frequency corresponding 
to the angular velocity of the object, translating said 
modulated beam into an electrical signal, the «amplitude 
of which varies in proportion to Ivariations -in the intensity 
of said modulated beam and utilizing those variations in 
the second frequency signal which exceed a predeter 
mined amplitude for indicating that the object contains a 
circumferentially non-continuous defect of the above type. 

2. The method called for in claim >`1 wherein the source 
of said beam is maintained iixed «in position and is di 
rected through said axis of the object. 

3. A method for inspecting an object having a longi 
tudinal major »axis to determine the presence of defects 
which represent circumferential variations in the con 
ductivity of the object for the type of radiant energy here 
inafter deñned, including the steps of projecting a beam 
of radiant energy which is capable of being transmitted 
through said object with a reduction in beam intensity 
proportional to the radiant energy conductivity of said 
object, causing relative movement between said object 
and said beam so that said beam transversely intersects 
and moves along the longitudinal axis of said object at «a 
predetermined axial velocity to cause the 4leading and 
trailing edges 'and other circumferentially continuous axial 
variations in said conductivity 'of said object to modulate 
the intensity of said beam at a low frequency correspond 
ing to the relative axial velocity therebetween, simultane 
ously rotating said object about the |longitudinal axis 
thereof with a predetermined angular velocity sutiicient 
to produce a surface velocity of said «object substantially 
greater than the axial velocity thereof to cause said cir 
cumferential conductivity variations in said object to 
modulate the intensity of said beam with a high frequency 
corresponding to the angular velocity of said object, trans 
lating said modulated beam into an electrical signal, the 
amplitude of which varies in proportion to variations in 
the intensity of said beam, filtering said electrical signal 
to substantially remove the low frequency ̀ variations there 
in, and translating those variations in the remaining high 
frequency filtered signal which exceed a predetermined 
amplitude into a signal for indicating that said object con 
tains a significant defect of the above type. 

4. The method called for in claim 3 wherein said beam 
of radiant energy is projected in a fixed plane and said 
object is moved in the direction of the longitudinal -axis 








