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AUTOMATIC SAMPLE CHANGER
George R, Utting, Guilford, and Peter G. Mueller, Ham-
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Conn., a corporation of Connecticut - :
Filed Aug. 13, 1963, Ser, No. 301,801
10 Claims. (CL 73—421)

This invention pertains to a method and apparatus for

storing a plurality of generally similar samples or speci- -

mens to present these in orderly sequence to a test sta-
tion at which some test operation is to be performed, after
which the articles are returned to their original relative
positions at the storage point. The invention and specific
apparatus herein described by way of example are more
particularly directed to automatic, repetitive testing of
samples of various materials by radioassay procedures in
order to determine characteristics of the samples.
Radioassay determination of the properiies of materi-
als is used extensively in testing and evalnating a’ wide
variety of substances to determine chemical, biological,
metallurgical and various other physical properties of
materials. Such tests are commonly conducted by first

rendering the material to be tested radioactive and then -

placing a sample of the material in a test chamber in-
corporating a radiation detecting device, such as a Geiger
counter. The test may determine the radiation count, i.e.
units of radiated energy produced by a sample within a
given period of elapsed time, or alternatively the test may
determine the time lapse required to produce a given
count. Commonly, a large number of samples are sub-
jected to radioassay in evaluating a material, and it be-
comes extremely time-consuming, without special sample
handling apparatus, to present the samples manually to
the test chamber, record the test results and return the
samples to a point of storage. Various schemes have ac-
cordingly been devised for automating these operations.
The present method and apparatus provide further im-
provements and advantages in respect to the storage and
transport of the samples to and from a test station in
radioassay procedures.

One of the principal objectives of the invention is that
of providing greater storage capacity, ie. permitting the
handling of a greater number of samples completely auto-
matically, than has heretcfore been possible.

A further objective is the reduction of sample handling
time whereby a greater number of tests can be com-
pleted in a given period.

Still other objectives include the immediate return of
a sample, following a test cycle, to its origina] position
relative to other samples to be tested, so that all of the
samples are always available in their origina] relative
positions and do not require a recycling or repositioning
operation to restore them to that condition. It is of course
desirable, if not always essential, to retain the original
order or sequencing of the samples so that the recording
of data from them may be properly collated by auxiliary
automatic recording equipment of known type used to
record the test results for each sample and thus provide a
permanent record thereof.

Greater simplicity of mechanical arrangement, and con-
sequent economy of manufacture and servicing of the
automatic sample changer mechanism are also.important
objectives of this invention. These and other objects
and advantages are achieved through the application of
the concept here disclosed ‘as will be apparent from the
following description of a specific embodiment shown in
the accompanying drawings for purposes of illustration;
in which T

FIG. 1 is an assembly view in side elevation of an auto-
matic sample changer;

10

15

20

25

30

35

40

45

50

55

60

65

70

2

FIG. 2 is a top plan view of the changer shown in

FIG. 3 is a view in side elevation of the changer; parts
being broken away and shown in section for greater clar-
ity of-illustration; T B

FIG. 4 is a fragmentary plan view from above, show- -
ing' further details of the test station and ‘sample trans-
port arrangement; - P e o

FIG. 5 is a plan view, taken on line 5—5
looking in the direction of the arrows;

FIG. 6 is a cross-sectional view in end elevation at
test station;- © - ot - e o R

FIG. 7 is a view in rear elevation of a ‘box magazine
for supporting -and storing samples t6 be tested; - - -

FIG: 8 is a front elevational view of the magazine with
a number of sample slides positioned therein; - * " -

FIG. 9 is a transverse section through a magazine taken
along-line 9—9 of FIG. 7; looking in the direction -of the-
arrows;

-FIG.-10 is a plan view of an assembled sample. slide .
and planchet; -~ -~ . R SRR vt

FIG. 11 is an exploded side view of a sample:slide
and planchet, on an enlarged scale; . . .

FIG. 12 js a fragmentary view in front elevation, on
an enlarged scale, of a switch actuating arrangenient used- .
in conjunction with a slide magazine; and ~ ~ ~ .- -

FIG. 13 is a schematic diagram of the electrical con-
trol circuit for the sample-changer. i e

The automatic sample changer illustrated in the draw:
ings comprises means for storing samples supported in
one or more box magazines. The magazines, preferably
of molded plastic, carry a plurality of generally flat
or lamellar slides of molded plastic, for exaniple, each
having a removable metal planchet or tray on which test
material is placed. The slides and their respective samples
are slidably received in racks molded in opposite sides
of a magazine to support the slides in tiered alignmernit
one above another, whereby each slide ‘is individually
removable through an open face of the magazine, Mech-
anism is provided for supporting a number of such maga-
zines and for positioning any selected magazine opposite
a conveyor having transport means . for engaging the in-
dividual slides in sequence and transferring them one at
a.time to a test position, finally returning the slides to
their original positions in the magazine. The slides in
a magazine are presented for test automatically in se-
quence within the selected magazine by shifting the latter
axially of the tier of samples therein to dispose each
slide in turn- at a given level. At this level, the afore-
said conveyor transport means engages a first slide and
moves it to the test position and then returns it to the
magazine, whereupon the magazine is shifted axially to
bring the next slide in sequence to the level of the slide
transport, and the operation is repeated.

As a slide is withdrawn from the magazine, it is slid
in the plane of its body to a first predeterminéd position
or station at which point further advance of the slide
is blocked, although the conveyor means transporting the
slide continues to -advance.- Such continued advance ‘of
the conveyor after interruption of the forward travel of
the slide is utilized to operate a sample elevator or
plunger located beneath the initial run portion “of the:
conveyor. This plunger, when thus actuated, “intercepts
the slide at the .aforesaid first location; ‘lifting the re-
movable sample planchet from -the body of the slide
in which it normally is nested. Continued travel. of ‘the
conveyor produces further elevation of the sample until
the latter arrives at a second predetermined position
likewise established to prevent: further travel of the sample
in this new or second direction. The conveyér is stopped
at this point but again provision is made for overtravel
of the conveyor means, with respect to the arrival of

of FIG. 3,

the -
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the plunger and sample- at ‘this second posmon ‘At this
second position, the sample is enclosed in a radiation
shield in which suitable radiation detection means is
mounted. Generally it-is desirable -at this time to flood
the interior of the shield above the sample with a count-
ing 'gas; such ‘as: methane, to reduce background radia-

tion error. In this period a radistion count is taken and °

sujtably recorded so as to be identified with ‘the sample
undergoing: test. ‘Upon completion of this test operation,
the - travel of the conveyor element is restarted but. in
reverse direction, retracting the plunger and the planchet
to redeposit the latter in its slide and subsequently to
return the slide fby means” of ‘the sample transport to its
original - posmoh in :the -magazine. -

The various steps of the operatlon just described are

repeated until .each of the samples in the magazine has
been tested, at.which time that particular magazme is
returned ‘to its: stored position' and a new magazine is
indexed into operative position to feed slides to the sample
transport conveyor. By provision of suitable control ‘cir-

cuit - means,” this ‘operation is - carried - on automatically -

until all samples in all magazines have been subjected
to. test. The- control may be set to give one complete
test cycle for all samples, or the controls may be set
to: give more than one’ cycle so: that subsequent ‘test re-
sults may be compared with earlier: results.

Having described the operationof the -changer- gen-
erally, reference 'is “now: ‘made-'to the drawings for-a
more detailed description.’ The" changer- unit 20, FIGS.
1 and 2, comprises: a housing 22 constituting a base en-
closing a part of the changer mechanism:and serving also
as -2 mounting platform  for a radiation detection station

shield 24 and a sample turrét or carrousel: 26. The turret -

accommodates:a number of box magazines 28, each of
which carries'a plurality of sample: slides 30.-Base 22
is provided with a panel 32 upon: which are mounted
the function switches- and complementary indicators for
controlling the operation of ‘the device.

As mentioned, the upper surface 34’ of basé:22-com-
prises a platform upon :which turret' 26 ‘and 'shield 24
are supported.  This platform is apertured at--36, as-seen
best ‘in FIG. 2, to accept: a magazine'28 shifted axially
of the turret when ‘positioned- in registry with: the aper-
ture, as more fully desctibed hereinafter. Turret 26 com-
prises a cylindrical drum with: an. outer wall 40:-provided
with ‘ circumferentially spaced flanges '42' having' over-

hanging head portions 44. Each flange forms with the’

immediately adjacent flange- axially-aligned tracks- spaéed
about the - turret (see ‘FIG: -5), Each magazine 28 is
formed with ‘a pair of mtegral flanges 590 extending the
length of - the magazire, one at ‘each rear corner-'and

projecting  slightly to the"side of ‘the magazine. Flanges

50 are engaged by the overhang 44 of the turret tracks

42 to provide sliding engagement betweéen the magazine:

and the turret. The magazines -are thius supported -on the

face of the tuiret for. rotation therewith and-for axially

shiftable movement relative thereto. In' order to prevent
the magazines from: dropping into contact with the plat-

form 34 when-they are slid downwardly on the tracks

of the turret; each magazine-is provided in its rear wall
with a spring detent .52 (FIGS. 3, 7 and'9) having a
projection 54 adaptéd to be received 'ina recess 56 in
wall 40 near the base 62 -of the turret”and serving to
releasably support: the 'magazine by engagement of the

detent: in the recess.'Detent 52'is ‘depressed, as presently -

explained; when a magazine -is swung by‘ the turret into

operative position to allow ‘the magazine to be lowered -

through aperture: 36 of platform-34.

Turret 26 is mounted for rotation on spmdle 60 suit-
ably secured inupright position on platform 34: Referring
to FIGS: 3 and 5, base 62" of the turret'is formed at its
under surface with a plurality of relatively shallow de-
pressions 64. These depressions are arranged corncentrical-
ly in-base 62 and:are located on the respective radii of
the . turrét- passing” through the ‘center of the 'several slide
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magazines 28. A detent ball and spring, indicated generally-~
at 66, is secured in platform 34 to coorperate with de-
pressions 64 whereby to center and temporarily restrain
the turret in successive indexed positions aligning a mag-
azine 28 in each of these positions with aperture 3§ of
platform 34. -

Turret 2§ is rotated intermittently to index it to -suc-
cessive positions by means of rolletr pin 70 carried by a
roller chain:72.-The latter is trained about sprockets 74,
76, 78 (see FIGS. 3 and:4) which are suitably journaled
on partition 80 within housing 22. Sprocket 74 is the drive
sprocket and motive power is supplied to this by means
of -2 motor and clutch assembly indicated generally at
82. Sprockets 76 and 78 are positioned to define a hor-
izontal run of roller chain 72 which is substantially par-
allel to' and spaced slightly above the upper surface of
platform 34. Base 62 of turret 26 is provided, as seen in”
FIG. 5, with pins-84 projecting downwardy, arranged in
a circle about the axis of the turret and within the circle
of detents 64. Pins 84 are disposed in ‘radial alignment
with detents 64, and as roller chain 70 travels along the
run defined by sprocket 78, 78, the adjacent pin 84 of the
turret is engaged by roller pin 78, causing the turret to
be totated to the next index position. Roller pin 72 then
passes around sprocket 78, moving out -of contact with
the turret pin 84, and no further rotation of the turret
occurs again until roller chain 72 and pin 7¢ have com-
pleted one full revolution.

Roller chain 72 also actuates elevator member 86 to
raise and lower a magazine 28 at the operative magazine
station coinciding with aperture 36 in platform 34. Eleva-
tor ‘86 is slidably mounted on spaced uprights 88 secured
between the platform 34 and the floor 38 of base 22.
Elevator 86 is T-shaped in plan; seen best in-FIG. 4, and
a milled groove or slot 90 is formed in the face of the
T-head adjacent roller chain 72. An extension 92 of roller
pin 7@ projects into slot 90. As roller chain 72 and pin
exténsion 92 advance to ¢complete a revolution, extension
92 slides along:slot 90. During the horizontal portion of
the chain run between sprockets 76, 78 no vertical move-
ment of elevator 86 is produced. However, as pin extension
92 travels ‘downwardly from sprocket 78 toward sprocket
74, this causes elevator mémber 86 to slide downwardly
on uprights 88 until roller pin 92 reaches the lowest point
in its travel, after which continued travel of roller chain 72
will raise elevator 86 again to the original position. Chain
72 always travels in the same direction, carrying pins 70
and 92 through complete orbits.

Asturret -26-is indexed from one position to the next,
thereby moving the first-magazine out of the operative
position and a new magazine into that position, elevator
86-is disposed at its ‘uppermost position on uprights 88
and remains in-that position during the traverse of pin
70 and pin extension 92 along the horizontal run of their
respective orbits. As already described the movement of
pin 72 at this time eéffects the indexing of the turret. In
order to provide for engagement and diséngagement of a
magazine 28 with elevator 86 at the operative station, the
elevator member is formed with an upwardly and forward-
ly directed leg 96, as seen best in FIG. 3, constituting a
hook-like projection.” At-the bottom of the rear wall of
each magazine 28 there is.a transverse slot 98, seen more
particularly in FIG. 7, adapted to receive the projecting
leg 96 As turret- 26 rotafes a magazine to the operative
station coinciding with aperture 36 of platform 34, the
forward 1ip 100 of leg 96 laterally enters slot 98 of the
magazine,  and in the finally indexed position of the
magazine;is fully engaged in this slot. In order to facilitate
this engagement, the ends of 'slot 98 are flared slightly.

With- advance of ‘roller chain 72 and the consequent
movement-of roller pin extension 92 out of the horizontal
plane in passing around sprocket 78, there is a correspond-
ing vertical shifting- of magazine 28. It should also be
mentioned that during the entry of lip 186 of elevator 86
into slot 98 of a magazine, the lip depresses the tail of
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spring detent 52 on the rear of the magazine, (see FIG. 3),
thereby causing disengagement from the cooperating recess
56 in turret wall 40. Thus the magazine is no longer
testrained against axial shifting movement and is free
to move with elevator 86.
" As the elevator moves down, the magazine 28 is low-
ered through aperture 36 of platform 34, being guided by

engagement of its longitudinal ribs 5¢ in tracks 42 on the

face of the turret. There is also provided a pair of guide-
posts 102 mounted beneath platform 34, each having a
longitudinal slot 104 constituting a continuation of tracks
42 of the turret for sliding reception therein of the longi-
tudinal ribs 50 of the magazine. i

" The arrangement for transferring an individual slide
from a magazine 28 to the test station, as represented
in the drawings by shielding unit 24, includes a pair of
spaced. horizontal tracks 116 mounted flush with the
undersurface of platform 34, as seen best in FIGS. 3, 4 and
6. Each track is provided with a groove along its opposing
inner face, and tracks 110 are spaced to receive the
opposite longitudinal edges of a slide 3¢ in grooves 112
and permit the slide to be moved along the tracks and
supported thereby. Movement of the slide along tracks
110 is accomplished by a slide transport member 118
which is also slidably carried by tracks 110 and is releas-
ably -connected to a pair of spaced roller chains 129.
Slide transport 118 is formed with a tongue 122 which
extends rearwardly and is adapted for mating engage-
ment with aperture 124 in slides 30 adjacent the laterally
exposed edge thereof.in a magazine. Aperture 124 of each
slide is communicated with the adjacent exposed edge of
the slide by a restricted entrant slot which prevents dis-
engagement of the slide and tongue 122 by relative mo-
tion in their common plane, Sufficient clearance how-
ever is provided between tongue 122 and the periphery
of the slide aperture to allow free passage of the tongue
through the slide apertures when the magazine is shifted
vertically, i.e. transversely of tongue 122, as each slide
in a magazine is successively brought to the level of the
slide transport. Thus when a slide has been positioned at
this level, and transport 118 is drawn in the direction of
the test station by roller chain 120, the slide is withdrawn
from ‘magazine 28, enters into grooves 112 of tracks 110
and is carried therealong until it reaches a first prede-
termined position beneath the test station, i.e. radiation
shield 24. At this position further advance of the slide
transport 118 and slide 30 is interrupted by abutment of
the slide transport against a fixed block 125 (see FIG. 3)
secured on the underside of platform 34. When the trans-
port and slide have arrived at this first position, the sam-
ple planchet 31 of the sample slide is vertically aligned
with the central aperture 126 of shielding unit 24.

As mentioned before, the conveyor mechanism utilized
to transport the individual slides 30 from the magazine to
the test station comprises a pair of spaced, roller chains 120
which are trained about a first pair of sprockets 130, 132.
These are mounted, respectively, on shafts 134, 136, suit-
ably journaled in opposite sides of housing 22 to provide
a substantial horizontal first run portion of the roller
chain immediately beneath and parallel to tracks 116 and
extending from the magazine station to the test station.
Chains 120 are also trained about a second pair of
sprockets 138, 140, carried, respectively, on shafts 142,
144, also suitably journaled in the side walls of base 22.
This second pair of sprockets is positioned intermediate
the first sprockets 130, 132, so as to provide a second
portion of chain run substantially perpendicular to the
first portion and directly beneath the station. As seen in
FIG. 3, roller chains 120 are driven by a motor and
clutch assembly 146 through an interconnecting roller
chain 148.

Slide transport 118 is releasably connected to roller
chains 12¢ and in the example illustrated in the draw-
ings, this is accomplished by providing on slide transport
118 a pair of spring clips or fingers 150 which frictionally
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engage opposite ends of a cylinder. 152 carried by a roller
pin 154 extending between. chains 120. Travel of the
transport 118 is confined between limiting ‘positions on
tracks 110, namely a starting position adjacent the maga-
zine from which a slide is to be withdrawn; and‘an ad-
vanced position in which the transport abuts against block
125. Assuming initial frictional engagement ‘between
fingers 150 of transport 118 and cylinder 152 of the con-
veyor, advance of chains 120 (i.e. to theé right in FIG. 3)
carries the transport and slide coupled thereto .along
tracks 118 until the transport abuts block 125. At this’
point further advance of the transport and its coupled
slide are interrupted, while chains 120 are free to con-
tinue their advance i the forward (clockwise) direction
since disengagement of cylinder 152 from spring fingers
150 can and does occur. This continued advance of roller
chains 120 is subsequently utilized to effect the elevation
of the sample planchet el,, which is now positioned in
alignment with aperture 126 of the shield unit 24, to ele-*
vate the planchet to a position above the chain conveyor
and well within the radiation shield 124, at which point
the radiation count for the sample is then detérmined.

The elevation of the sample is produced by means of
a plunger 160 mounted in a sleeve or cylinder 162 located
between chains 126 and directly below and in alignment-
with the central aperture 126 at the test station. Plunger-
160 is reciprocable in cylinder 162 from a position, as.
shown in FIG. 3, in which the upper surface of the
plunger is beneath the path of travel of the slide 3¢ and
from which it may be elevated, as shown in FIG. 6, to
intersect the slide and lift the planchet nested therein
into aperture 126 of the shielding unit 24. A peripheral .
lip 164 formed in sleeve 166 serving as a liner in shield-
unit 24, defines a stop against which the rim. of the
planchet 31 is brought to bear by the plunger and against’
which the planchet forms a gas seal. This is the position
assumed by the sample diring the period of radiation
count, and the seal between the sample and lip 164 is’
desired in order to control escape of counting gas with’
which the chamber 168 is flooded while the radiation
count is being made.

The aforesaid elevation of a sample planchet to the test
position is accomplished in timed sequence with the
arrival of the sample at the first position, i.e. the position
on tracks 110 in which it is aligned with aperture 126
of the radiation shield. After chains 120 have moved trans-
port 118 to the first position and the frictional engagement
of the transport with the chains is broken, continued
advance of the chains, in a clockwise direction as viewed
in FIG. 3, is utilized to elevate the plunger 160. In order
to do this, a second roller pin 179 is connected between
the chains in a position to come into contact at the
underside of plunger 160 during the travel of pin 170
through the aforesaid vertically disposed second run por-
tion of the roller chain defined by sprockets 138, 140.
Cylinder 162 is slotted at each side, as at 172, best seen
in FIG. 6, to permit roller pin.170 to interseét the cylin-
der and engage the plunger to lift it to the upper position.
Travel of roller chains 120 in the forward, i.e. clockwise
direction in FIG. 3, is discontinued when a sample is
elevated to test position. In order to allow for some slight
overtravel or coasting of motor 146 and chains 120, how-
ever, plunger 160 incorporates a resiliently mounted
inner piston 174 which is interposed between the head of
the plunger and roller pin 170 by which it is actuated.

Reversing the direction. of travel of chains 120, which
is- effected upon completion of the test count as later
explained, withdraws roller pin 170 from slots 172 in
cylinder 162, allowing the plunger to return to its initial
position out of the path of the sample transport.. The
sample planchet is thus returned to nesting position in the
body of the sample slide and the slide transport is again
engaged by cylinder 152 of chains 120 to Teturn the trans-
port to its starting position on tracks 110. Initially, in this
transport return operation, cylinder 152 does not fully
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enter between fingers 150 but merely pushes against them,
moving the transport ahead of the cylinder. When the slide
carried by the transport is reinserted in the magazine and
strikes the back wall, this causes cylinder -152 to force
fingers 150 apart- re-establishing the frictional coupling
between the slide transport and conveyor chains 120. Re-
turn travel of conveyor chains 120 is timed, by suitable
limit -switch means described hereinafter, to stop the
conveyor when a slide has been fully reinserted in the
magazine, but again allowance must be made for over
travel due to coasting, and it will be apparent from the
description above that the recoupling of cylinder 152 and
fingers 150 provides for this overtravel, thus protecting
the slide and magazine against jamming. The same result
may be obtained by substitution of a resiliently mounted
magnetic coupling for the frictional coupling specifically
disclosed,-or by a combination friction and magnetic
coupling. - :

When the slide is thus fully reinserted in its original slot
or tier in the magazine, the magazine is then shifted to
bring the next slide-into alignment with the transport, and
the foregoing process repeated.

The automatic sequencing in presenting slides to the
test position and returning them to storage in the maga-
zines is -accomplished by means of a series of component
actiiated switches, control relays and an electrical circuit
interconnecting these with the magazine and slide trans-
port motor-assemblies. 82 -and 146, respectively as will
now be-described.

A switch: S1 is positioned adjacent plunger 160 and is
provided with an actuating arm- which' is contacted by
roller pin ‘170 (see FIG:-3) when a sample planchet has
been ‘fully raised ‘to the test-position  within shield 24.
Switch-S1-is-a single-pole; ‘double-throw switch. ‘A single-
polé, normally ¢closed switch 82 (FIGS. 4 and 12) is
motnted beneath -platform 34 adjacent aperture 36 -and
has ‘an’ actuating-arm which engages an index or position
indicating :ratchet- 58 molded in the side wall of the
magazine 28.'Each notch -of ratchet 58 corresponds to a
slide position in the magazine. This switch is operated only
by upward movemerit of a magazine; as will be described
presently: A single-pole, normally open switch S3 similarly
located beneath platform 34 is provided with an actuating
arm which exténds into and makes contact with the slides
30 of 4 indgazine 28 asthe latter is shifted axially as pre-
viously decribied: If there is noslide ina particular index
position of -the magazitie; switch $3'is not-actuated and
the circuit through' the switch ‘s intérrupted. Again, the
general’ positioning of switch S3 is illustrated in FIG. 4 of
the drawings: ‘A further single-pole, double-throw switch
S4 is mounted beneath platform 34, adjacent sprockets 132
of ‘conveyor chains 120 (sée FIG. 3). This switch is
actuated at the starting position of the sample transport,
i.e. when the transport is at the start of the hdrizontal rin,
adjacent ‘the 'slide magazine. A roller pin extension 121
(FIG: 4) on one of ‘the ‘chains 120 is provided for this
purpose. )

Fach of the motor and clutch assemblies 82 and 146,

is also’ provided with a single-pole, normally closed
switch, S5, S6, respectively, having an actuator which
is engaged by a throw-out clutch ‘disc should a jammed
condition of the mechanism occur. Switch S5 is located
on the elevator motor 82; switch S6 is located on'the slide
transport motor 146."
. The control systém also includes a number of relays
and. -auxiliary components which are mounted on an
electrical sub-chassis (not shown) housed within base 22.
Since these latter are standard components whose mechan-
ical features are well known and are not material to the
present invention, these will be described solely with
reference to the schematic electrical diagram shown in
FIG. 13.. ;

Before discussing the electrical control system in detail,
a further description of the magazine indexing switch S2
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8 .
will be helpful. It will be apparent that it is important to
achieve accurate alignment of samples 30 stored in maga-
zine 28 with trasport 118 and tracks 110 as magazine 28
is brought into each of its indexed positions successively
for the delivery of a sample to the test station. The ar-'
rangement here disclosed accomplishes this in a unique
and simple manner. Referring to FIG. 12, switch S2 is
mounted adjacent the path of travel of magazine 28, and
is provided with a conventional actuating arm 180 pivoted
on the switch body at 182. Swiich plunger 184 is thus
operated by depressing the free end of arm 180 against a
return spring 186. A one-way -action trip lever 188 is
pivotally fastened at 190 to the frée end of arm 180.
Lever 188 is free to pivot downwardly against a light
helical spring (not shown) in pivot 190 to the dotted-line
position shown, and switch S2 is not operated in this con-
dition. But lever 188 is restrained against upward pivotal
movement by a tail 192 which projects from the lever
into overlying position relative to arm 18@, and engages
the end of this arm to dispose lever 188 normally in the
horizontal position shown in solid lines. Thus movement
of the magazine upwardly relative to lever 188 cams the
lever toward the switch body and thus actuates plunger
184: The nose 194 of the lever is formed to make a wedge
fit into the complementary depressions between ratchet
teeth 58 on magazine 28. Thus unless'the magazine is ac-
curately positioned vertically so that the nose of trip lever
188 is fully received in the recess, the lever is cammed
laterally toward switch S2, actuating the switch and thus
providing an indication that proper-alignment has not
been achieved. The configuration of the ratchet teeth 58
is -important in this respect, therefore, and in particular
the wedge fit between the nose 194 of the trip lever and
‘the recess between adjacent ratchet teeth, whereby very
accurate adjustment of switch S2' can be set. This ar-
rangeiment, more importantly, substantially reduces the
effect of mechanical 'wear -on the accuracy of the switch
adjustment, ensuring long operating life.

For purposes of describing the éperation of the system
with reference to the circuit diagram, it is‘assuimed first
of all that the changer is in the following condition: A
magazine 28 is in’ operative position at the sample trans-
port, the magazine being fully lowered to dispose the top
sample therein at the transport level, the slide of the first
sample having been withdrawn ‘and the planchet 31
thereof raised by plunger 160 to the test or count posi-
tion within - shield 24.° As previously " mentioned, ' the
changer is adapted for use in conjunction with auxiliary
equipment which is used to detect and record the radia-
tion count. This ‘auxiliary equipment includes a scaler of
known construction which produces a pulse for recording
purposes corresponding to the count, and a count indicator
which simply totals and records the nummber of counts in-
dicated by the scaler. The control system' is supplied at
terminals 180 (FIG. 13) with 115 v. A.C. power through
a manual disconnect swiich, not shown.

In the condition of the changer above-noted, a Geiger
countei or other suifable radiation detection instrument
in shield 24 feeds a signal to the scaler, producing a cor-
responding pulse which is transmitted to the count indi-
cator, as mentioned. All relays and motors are de-ener-
gized at this moment.

In this condition, 115 volts A.C. is supplied at the
count indicator terminal A (FIG. 13), and this signal
keeps. capacitors C1 and C2 charged. The scaler con-
tintes to count until a - predetermined total count is
achieved, -or until a predetermined time lapse-has oc-
curred, whichever mode of operation has been selected
as heretofore mentioned. Upon completion of the count,
the signal input to terminal A is cut off, and resistor R1
thereupon allows capacitor C1 to -discharge faster than
capacitor C2. Thus a differential voltage appears across
the solenoid of relay K1, and this relay is energized by
this differential voltage for a brief moment, approx-
imately a second. Energization of relay K1 closes relay
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contacts Ki—AO. Closing these contacts energizes relay
K2 through normally closed switch S1-C, and it also
energizes relay K3 through normally closed contacts
S4-C.These are the switches actuated at the limiting posi-
tion of the sample movement, as previously described.
Relay K2 serves to reverse the motor of the motor-
clutch assembly 146 actuating the sample transport to
and from the test station. Relay K3 serves to energize
the motor of this unit to drive it in whichever direction
is called for by relay X2.

Sample transport 118 thus moves out of the count posi-
tion, and switch S1 by-passes relay contacts K1-AO
through contacts S1-O which are now closed. At the
same time, contacts S1-C open, and relay K2 is now
held by the circuit including relay contacts K2-AO,
switch contacts S2-C and S1-O. As the sample transport
approaches the magazine, the slide 30 activates switch
S3, and when the slide is fully reinserted in the maga-
zine, the sample transport activates switch S4. Contacts
S4-C open and de-energize sample transport motor 146
and relay K3. This closes contacts K3-CC again. Capac-
itor C4, which was charged through rectifier X4 and re-
sistor R2, discharges into motor 146, thus applying D.C.
braking. At the same time relay K5 is energized through
switch contacts S4-O and relay contacts K3-AC. This
starts motor 82 of the magazine elevator which, as men-
tioned was assumed to be in its lowest position, which
is the position to which each magazine is moved initially
after it is indexed to the operative position relative to
the slide transport. Thus upon completion of the test of
the first or topmost slide in the magazine the magazine is
elevated upon the aforesaid energization of motor 82.
As previously described, the actuating arm of index
switch rides on ratchet 58 of the magazine wall. Switch
contacts S2-C open and relay K2 is then released as the
elevator moves upwardly causing the switch arm to ride
over the tooth of ratchet 58. At about the same time,
sample detect switch S3 drops off the first slide of the
previously counted sample and deactivates the slide trans-
port circuit. Unless there is a slide in the following posi-
tion in the magazine, the slide transport is not operated.
But assuming there is a slide in the next magazine posi-
tion, as switch S2 drops into the corresponding index posi-
tion of ratchet 58, relay K3 is energized through switch
S3, relay contacts K2-AC, switch contacts S2-C and
S1-O. This restarts motor 146 which now runs in the
opposite direction from before, since relay K2 is not now
energized.

If there had not been a slide in the next indexed posi-
tion of the magazine, switch S3 would not have been
actuated and magazine 28 would be raised by the elevator
and motor 82 until a slide is detected by the switch. As
relay contacts K3-AC open upon re-energization again
of relay X3 as previously described, relay K5 and maga-
zine motor 82 are de-energized and the elevator stops.
Again, D.C. braking is applied to the elevator motor by
capacitive discharge therethrough.

During movement of sample transport 118 to position
a sample at the detector station, capacitor C3 is charged
through a circuit including relay contacts K3-BO, recti-
fier X3 and relay contacts K2-BC. When the transport
reaches the elevated or count position within shield 24,
switch 81 is activated, opening contacts S1-O, and trans-
port motor 146 stops. As relay contacts K3-BC close,
capacitors C3 is discharged into the solenoid of relay K4.
Contacts K4-AO close for approximately one second to
provide a pulse at terminal B, resetting and starting the
scaler.

Jam switches S5 and S§ are simply provided to protect
the mechanism should it become blocked in some man-
ner, for instance improperly indexed position of the tur-
ret or a magazine. These switches are activated by
clutches with preset torque at their respective motor units.
An override switch S7 is provided to manually override
the system for test or for starting purposes.
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The foregoing changer operations are repeated with
respect to each of the slides in a magazine as it is indexed
successively upwardly from its lowermost starting posi-
tion until all the slides in the magazine have been with-
drawn, tested and returned. When the last slide is Te-
turned to the magazine, the final increment of vertical
movement of elevator 86 returns the magazine to its
original position relative to turret 26. At this time, as
already described, roller pin 70 of the elevator roller
chain 72 enters its horizontal travel, producing rotation
of the turret and indexing of the next magazine into
operative position. As the first magazine is rotated out
of engagement with the lip 96 of elevator 86, the maga-
zine supporting detent spring 52 re-engages the recess 56
in the face of wall 49 of the turret so that the magazine
is again suspended on the turret out of contact with the
surface of platform 34.

When all of the samples of all of the magazines have
been tested, the cycle is repeated unless A.C power is
manually disconnected, as by a switch (not shown). If
desired appropriate switching arrangement may be in-
corporated with the magazine turret to be actuated upon
completion of a full revolution of the turret to discon-
tinue the operation of the sample changer automatically.
Alternatively, a switching circuit may be provided to
produce a second cycle of operation, after which opera-
tion of the unit is then disconnected automatically. Such
circuit means are conventional, form no part of the in-
vention and are obvious to those skilled in the art, where-
fore specific description of them here is not necessary.

It will be understood that the foregoing specific em-
bodiments of the invention has been shown and described
by way of illustration and not precise limitation, and
that various modifications may be made in respect to
many of the mechanical and electrical arrangements
without departing from the scope and spirit of the inven-
tion which are defined by the appended claims.

What is claimed is:

1. In an automatic sample changer, conveyor means
comprising a moving conveyor element, a first set of
spaced supports on which said conveyor element is car-
ried to define a first run portion for said element, and a
second set of spaced supports over which said element
is also trained and defining a second run portion for said
element, said second set of supports being positioned
intermediate the first run portion of said conveyor and
disposed to direct said second run portion transversely
of the first, means including said conveyor element for
advancing a sample from a starting position along said
first run portion and means adjacent said first run portion
which-is engaged on arrival of a sample at a first pre-
determined position to interrupt further advance of said
sample notwithstanding continued advance of said con-
veyor element, means disposed at said predetermined
position for moving a sample transversely of said first
run portion and generally in the direction of said second
run portion of said conveyor, said last means comprising
a reciprocable member normally positioned out of the
path of said first run portion of said conveyor but mova-
ble to intersect said path whereby to engage and carry
a sample at said first predetermined position to a second
predetermined position displaced from said first run por-
tion, said reciprocable member being engaged by said
conveyor element to move it to said second predetermined
position in timed sequence with the arrival of the sample
at said first predetermined position, and means for re-
versing the direction of travel of said conveyor element
upon arrival of said reciprocable member and sample at
said second predetermined position whereby to return
said plunger to said normal position relative to said con-
veyor element, redeposit the sample on said conveyor and
return said sample to the starting position.

2. An automatic sample changer as defined in claim.
1, which further includes a sample transport confined
for movement along said conveyor first run portion be-
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tween a starting position and said first predetermined sam-
ple position, coupling means for releasably connecting
said transport to said conveyor element, said coupling
means including a resilient member operable at least in
the direction of movement of said conveyor element {0
effect coupling with said transport to permit slight over-
travel of said conveyor element after said transport has
reached starting position.

3. An automatic sample changer as defined in: claim
2, which also includes a radiation shield having a cylin-
drical’ recess, said reciprocable member comprising a
plunger including a head portion making a sliding fit
in said shield recess, and a fixed stop within said recess
cooperating with said plunger to define said second pre-
determined sample position, said plunger including resili-
ent means to permit overtravel of said conveyor element
relative to said plunger after the latter has arrived at
said second predetermined sample position.

4. In an automatic sample changer, conveyor means
comprising a continuous conveyor element having first
and second run portions disposed in directions substan-
tially transverse to each other, means on said conveyor
element for advancing a sample from a starting position
along said first run portion of said conveyor, and means
adjacent said first run portion which is engaged upon ar-
rival of a sample at a first predetermined -position to
interrupt further advance of said sample along said first
run ‘portion motwithstanding continued advance of said
conveyor element, means disposed at said first predeter-
mined position for moving a sample transversely of said
first run portion and generally parallel to said second run
portion of said conveyor element, said last means includ-
ing a reciprocable sample carrier normally positioned out
of the path of said first run conveyor portion but movable
to intersect said path whereby to engage and carry a
sample at said first predetermined position to a -second
predetermined position -displaced therefrom, said carrier
having means for engagement by said conveyor element
in its seconid run portion to move said carrier and sample
to said second predetermined position in timed sequence
with the arrival of such sample at said first predetermined
position, and means for reversing the direction of travel
of said conveyor element upon arrival of said carrier ele-
ment and sample at said second predetermined position
whereby to return said carrier element to said normal posi-
tion relative to said conveyor element, redeposit said
sample on said conveyor element and return said sample
to said starting position.

5. In an automatic sample changer for a plurality of
similar samples of material mounted in planchets each
carried in a slide, wherein the samples are subjected suc-
cessively to radioassay ‘test; box storage magazine means
for said slide mounted samples, horizontally disposed con-
veyor means having a first run portion at a given level to
receive a slide from said magazine, advance it to a test
station and return it to its original place in said magazine
upon completion of a test cycle, and magazine position-
ing means for shifting said magazine vertically to dispose
different slides successively at said conveyor level; said
slides being individually supported in said magazine in
vertically tiered relation, said magazine having an open
lateral face through which the slide at each tier may be
laterally withdrawn, a magazine shifting member engage-
able with the magazine and guide means defining a linear,
substantially vertical path of movement for said magazine
and magazine shifting member, and orbital means of uni-
directional rotation continuously coupled to said shifting
member to reciprocate the latter between limiting posi-
tions on said guide means, said orbital means defining in
a portion of its travel a linear run substantially parallel
to and spaced slightly above said conveyor.

6. An automatic sample changer as defined in claim §,
which includes means for supporting a plurality of maga-
zines and said orbital means has a member for engaging
and advancing the magazines successively into engage-
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ment with said magazine shifting’ member " during travel
along-said linear run portion.

7. An automatic sample changer as defined in claim
6, wherein said means for supporting said magazine is
a turret and said orbital means has a second member en-
gageable with said turret during said linear run, whereby
said turret is indexed in successive steps to bring a dif-
ferent magazine into operative position upon completion
of the test cycles of all samples in a preceding magazine.

8. In an automatic sample changer for a plurality of
similar, generally lamellar sample trays, box magazine
means having side, back and end walls and an open face,
means in said walls for supporting said trays in tiers
generally perpendicular to said open face of said magazine
whereby individual trays may be withdrawn through said
open face, said magazine having in at least one of its side
and back walls a ratchet tooth configuration along the ex-
tent of the magazine and forming wedge-shaped recesses
between adjacent teeth, with at least one recess corre-
sponding to each tray position in said magazine; and hori-
zontally disposed conveyor means having a first run por-
tion at a given level to receive a given tray from said
box magazine, advance it to a test station and return
it to its original place in said magazine upon completion
of a test cycle, and magazine positioning means for shift-
ing said magazine axially to dispose different trays suc-
cessively at said conveyor level, said means including a
switch and a motor controlled by said switch, means con-
necting said motor to said magazine for shifting the lat-
ter, said switch having an actuating arm including a lever
pivotally connected thereto, said lever being free to pivot
in one direction and resilient means urging said lever in
the opposite direction to engage a stop and to dispose the
free end of said lever in the path of said magazine ratchet
teeth, said lever being formed at said free end to mate
with ‘the wedge-shaped recesses between said teeth, said
lever being cammed away from said magazine by said
teeth when said magazine is shifted in a direction caus-
ing said lever to pivot against said stop, thereby actuating
said switch, and said lever being pivoted against its re-
silient means when said magazine is shifted in the opposite

. direction, whereby said lever is disabled to actuate said
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switch.

9. An automatic sample changer as defined in claim 6,
wherein said orbital ‘means for vertically positioning
said magazine comprises an endless chain and sprockets
therefor over which said chain is trained, said sprockets
being positioned, respectively, adjacent opposite ends of
said linear path defined by said guide means, a pin carried
by said chain projecting laterally thereof into engagement
with said magazine shifting member, and a horizontally
extending slot formed in said magazine shifting member
into which the outer end of said pin extends to provide
said engagement.

10. An automatic sample changer as defined in claim
7, which further includes a releasable latch carried by
each of said magazines and normally supporting them on
said turret above the level of said horizontally disposed
conveyor means, and means carried by said magazine
shifting member for engaging and releasing the magazine
latch of the advancing magazine when said magazine shift-
ing member is at its upper limiting position on its guide
means.
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