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AUTOMATIC ANALYZING APPARATUS

Leonard T. Skeggs, Berea, Ohio, assignor, by mesne as-
signments, to Technicon Instruments Corporation,
Chauncey, N.Y., a corporation of New York

Application November 16, 1955, Serial No. 547,087
18 Claims. (ClL 23—253)

in general, to automatic
liquids for analysis or

The present invention relates,
apparatus for treating various
other purposes.

One object of the present invention is the provision
of an apparatus for automatically feeding in succession
a plurality of different liquid samples.
~ ‘Another object is the provision of a sample supplying
device which serves to condition or treat the samples
before the supply thereof.

A further object is to provide an automatic and self-
cleansing action of the tubing through which the various
liquids are conducted during the operation of the appara-
tus, whereby to prevent the contamination of ome sample
by the vestiges or deposits on the tubing of one or more
preceding samples or of any particular liquid and, more

generally, to maintain the tubing in clean condition not

only when the apparatus is used for processing a plurality
of different samples but also when the apparatus is used
for analyzing or otherwise processing any particular liquid,
so that the process may be continued in operation with-
out requiring frequent interruptions for cleaning purposes.

Another object is the provision of an automatic feed
device for the automatic feed of a plurality of body fluid
samples to an apparatus for automatically analyzing said
samples. In accordance with the foregoing object, a fur-
ther object is the provision of the sample feeding device
which is especially adapted for the feeding of blood
samples by preventing the separation of the blood into
plasma and red blood cells prior to or during the feed
thereof to the analyzing apparatus.

A further object is to provide a generally simplified
and highly efficient device for the automatic feed in suc-
cession of a plurality of different samples to a testing
or analyzing apparatus. ‘

The above and other objects, features and advantages
of the present invention will be more fully understood
from the following description considered in connection
with the accompanying illustrative drawings.

In the drawings which illustrate the best mode pres-
ently contemplated by me for carrying out the invention:

Fig. 1 is a top plan view of an automatic sample feed-
ing apparatus pursuant to the present invention, a portion
thereof being broken away for purposes of illustration;

Fig. 2 is a side elevation of the automatic feed appara-
tus with portions broken away and illustrated in section
for purposes of illustration;

Fig. 3 is a sectional view, on an enlarged scale,
on the line 3—3 of Fig. 1;

Fig. 4 is a fragmentary sectional view on an .enlarged
scale taken on the line 4—4 of Fig. 1;

Fig. 5 is a sectional view on an enlarged scale taken
on the line 5—5 of Fig. 1;

Fig. 6 is a sectional view taken on the line 6—6 of
Fig. 5; .

Fig. 7 is a fragmentary view in elevation taken in the
direction of the arrow 7 in Fig. 5; and~ '

Fig. 8 is a' diagrammatic representation of
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analyzing apparatus provided with the automatic feed
device of the present invention. -

Pursuant to the present invention, provision is made for
an automatic feeding device, generally indicated by the
reference numeral 10, for supplying a plurality of samples
in succession to the analyzing apparatus, generally indi-
cated by the reference numeral 12, in Fig. 8. . .

The feed device 10 comprises a rotary plate 14 having
provision to hold a plurality of samples, the plate being
rotated relative to suction-intake tube 16 through ' which
the samples are fed or supplied to the analyzing appara-
tus 12. : .

As here shown, the sample holder is constituted by a
circular plate preferably formed of a suitable plastic and
provided adjacent the circumference thereof with a plu-
rality of recessed or container portions 18. As here
shown, provision is made for twenty recesses or sample
receptacles 18 so that the plate 14 is adapted to hold
twenty different samples. As best illustrated in Fig. 4,
the bounding wall surface 20 of each recess 18 is _sjlb-
stantially normal to the bottom wall 22 of the recess.
Each bounding wall surface 20 is provided with a sloped
portion 24 which extends from the upper surface 26 of
the plate 14 to the bottom wall 22 of the recess 18. As
is best shown in Fig. 1, the various sioped portions 24
are all similarly related relative to thé periphery 28 of
each of the recesses 18 and said sloped portions lie upon
a circle which has a diameter smaller than the diameter
of the plate 14. Centrally thereof the plate 14 is pro-
vided with an aperture 30, as best illustrated in Fig. 3.
The plate 14.is also provided with a plurality of aper-
tures 32.which are equal in number to the recesses 18,
the apertures 32 being radially aligned with said recesses
18 and being defined in the plate 14 along a circle adja-
cent to the aperture 30. _ ; :

In order to mount the plate 14 in operative disposition
thereof, provision is made for the mounting plate 34
which is suitably secured as at 36 at a cut-out 38 pro-
vided in a suitable support member or table 40. The sup-
port plate 34 mounts a bearing 42, as by the securing
means 44, within an aperture 35 in the support plate.
A plate 46 rests on the bearing 42 and the holder plate
14 rests on the plate 46. L , .

In order to effect the rotation of the holder 14 in the
direction of the arrow 48 in Fig. 1, provision is made for
a motor 50 which depends from the support plate 34,
being secured thereto as by the securing means 52. The
motor 50 drives a gear 54, through a gear reduction de-
vice 55, to mesh with a gear 56. Gear 56 is secured fo
a drive shaft 58, as at 60 (Fig. 3). The drive shaft S8
is journalled in the bearing 42 and, at the upper end
thereof, is provided with an enlarged yoke portion 62
which extends through the central aperture 30 provided
in the holder plate 14. A lever 64 is pivotally mounted
between the arms 66—66 of the yoke portion 62 by a
pivot pin 68 carried by said yoke arms. At the free end
thereof, the lever 64 is provided with a pin 71 which is
adapted to engage in an aperture 32 of the plate 14, as
best illustrated in Fig. 2, for releasably connecting the
holder plate 14 to the drive shaft 58. .

From the foregoing, it will be apparent that with the
lever 64 connected to the plate 14, the motor 50 is
operative to rotate the plate 14 in the direction of the
arrow 48 through the meshed gears 54 and 56, and
through the shaft 58 secured to the gear 56. :

The previously mentioned inlet tube 16, through
which the contents of the recesses 18 are withdrawn from
the holder plate 14, is mounted laterally outwardly .of
the holder plate.. More specifically, provision is made
for a mounting plate 70 which is secured to the previouisly
mentioned support by the securing elements 72 and "74.
1t will be noted that the securing element 74 ‘extends
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through an enlarged slot 76 for adjustment of the plate
70 on the support 49. The plate 70 mounts a cylin-
drical mounting member 7§ which is secured thereto as
at 80—80. The mounting member 78 is provided with 3
central bore 82 and with an, additional bore 84 laterally
offset from the central hore., A conduit carrier or an-
chor member 86 is mounted in the mounting member 78.
More specifically, the anchor member 86 is provided with
an clongated stem 88 which. terminates in a nozzle 99,
The stem 88 is provided with a bore or air passageway
92 which extends from the nozzle 90 through the stem
and into the enlarged head 94 of the member 86. The
head 94 is also provided with a transverse bore 96 which
extends from the exterior thereof and communicates with
the longitudinal bore 92. The member 86 is mounted
for rotation relative to the mount 78 and in this connec-
tion it will be noted that the stem §8 extends through
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the bore. 82 in the mount 78 with the nozzle 90 projecting

through the plate 70 and the support member 490,

In order to retain the conduit carrier 86.in position on
the mounting member 78, provision is made for the
spring ring 98 which may be snapped into position in a
groove 160 provided on the stem 88 below the mounting
plate 70 to prevent the inadvertent upward removal or
disengagement of the member 86 from the member 78.
A ‘compression spring 102 is disposed in the previously
mentioned bore 84 in the mount 78 and at the upper end
mounts a ball 104 for engagement in a recess 106 pro-
'vided in the conduit member 86 for disposing the Iatter
in the operative position therecf, shown in full line in
Fig, 6.

A pivot pin 107 is press fitted into the head 94 of the
conduit member 86 and mounts a pivot member 108 for
pivotal movement thereon. The previously mentioned
tube 16, which is preferably formed of stainless steel or
other suitable material, is mounted in the pivot member
118 and extends therethrough for conmection to the
flexible sample inlet tube 110 of the analyzing apparatus
12. The end of the tube 16, remote from its pivot car-
rer 108, is downturned as at 112 for insertion into a re-
cess 18 of the holder plate 14 in the full line position of
the tube 16, as illustrated in Figs. 2 and 4.

An air tube 114, preferably formed of stainless steel
or other suitable material, is closed at one end, as at
116, and is open at the other end 118 thereof. The open
end 118 is press fitted into the previously mentioned bore
96 so that the tube 114 is in airflow communication with
the bore or conduit 92. At the under surface thereof, the
tube 114 is provided with a plurality of angular and out-
wardly directed bores 120 which extend from the hollow
interior of the tube, through the lower outer surface
thereof, for a substantial distance from the outer closed
end 116 thereof toward the inner end 118 thereof. With
the nozzle 96 connected to a suitable compressed air sup-
ply as. by the conduit 122, it will be readily apparent that
air will be discharged in angularly directed jets from the
various bores 120.

In order to replace or remove a sample holder 14 in
the feed device 10, the lever 64 is pivoted to the vertical
position thereof indicated in broken line in Fig. 2. This
disengages the holder 14 from the drive shaft 58. The
sample inlet tube 16 is then pivoted to the broken line
position thereof illustrated in Fig, 2, to clear the plate
14 in position in the feed device 10. ' The conduit holder
86 is then rotated in a clockwise direction, viewing Fig.
1, until the latter engages the detent pin 124 provided
in the mounting member 78, as illustrated in the broken
line position of the conduit carrier 86 in Fig. 6. In this
{position, both the air tube 114 and the sample tube 16
are disposed. laterally outwardly of the plate holder 14
and clear the latter as best illustrated in broken line in
Fig. 1. The sample holder 14 may now be withdrawn
upwardly from the plate 46 to clear the upstanding lever
64 and removed from the feed device. Another sample
holder, provided with, the various samples to be tested,

20

25

30

35

40

45

50

55

60

65

6

may now be inserted in position on the plate 46 with the
lever 64 extending through the central aperture 30
therein, The new sample holder may then be manually
adjustably rotated in position on the mounting plate 46
until the recess 18, containing the first sample which is
to be analyzed, is substantially in the position indicated
by the arrow 126 in Fig. 1. The locking lever 64 is now
moved into the full line position thereof illustrated in
Fig. 2 to engage the pin 71, carried by the lever 64, into
the underlying aperture 32 provided in the sample holder
14 and radially aligned with the recess containing the
first sample to be analyzed. The conduit carrier 86 is
now rotated in a counter-clockwise direction, viewing
Fig. 1 until the latter engages the detent pin 128 carried
by the mount 78, as illustrated in full line in Fig. 6, in
which position the spring pressed ball 104 automatically
snaps into the recess 106 provided in the conduit mount
86 to releasably lock the latter in its operative position.
The sample pick-up tube 16 is now brought down into
the full line position thereof illustrated in Figs. 2 and 4
wherein the inlet end 112 thereof is immersed into the
liquid contents of the underlying recess or sample
container 18,

Compressed or pumped air is now permitted to flow
through the conduit 122 into the bore 82 and the motor 50
is energized to rotate the holder plate 14 in the direction
of the arrow 48 in Fig. 1. As best illustrated in Fig. 1,
the air jet forming bores 120 in the air tube 114 extend
over both the recess 18 into which the pick-up tube 16

~extends and also overlies the next recess which will be

moved into position under the inlet 112 of the pick up
tube 16. The air jets issuing from the jet outlets 120
will therefore be directed at the contents both of the recess
18 into which. the pick-up tube 16 extends, as well as
at the contents in the next following recess 18 which
will be moved into position under the inlet 112. These
air jets serve to treat or condition the samples by agitating
the liquid contents of these recesses so as to prevent the
separation of the liquid coxntents both during the with-
drawal thereof into the sample inlet tube 16 and imme-
diately prior to the period during which a recess moves
into position for the withdrawal of the contents thereof.
This prevents any tendency of the sample being separated
out into different constituents thercof and is extremely
important in the case where blood samples are being sup-
plied to the analyzing apparatus 12, since the agitation
of the blood by the air jets prevents the separation of
each blood sample into plasma and red blood cells. The
liquid content from each recess 18 are withdrawn there.
from during the relatively slow movement of the holder
plate 14 relative to the fixed inlet tube 16. As the sloped
portion 24 of each recess 18 engages the inlet end 112 of
the sample tube, the sample tube will slowly pivot about
pin 107 and gradually ride out of the recess, from which
it had been withdrawing a sample, onto the upper sur-
face portion of the sample holder 14 between said re-
cess 18 and the adjacent recess 18 which is moving into
the position indicated by the arrow 48 in Fig. 1. When
said adjacent recess arrives underneath the inlet end of
the sample tube, the tube will drop, by gravity, from
the surface of the holder plate into the underlying recess
18. During the period that the tube is withdrawn from
a recess 18, and before it falls into the following recess
18, air is being drawn into the suction imlet tube by
means of the suction line 118 through which the various
samples are being drawn into the body analyzing ap-
paratus, said apparatus providing the necessary suction,
as hereinafter explained in detail. It will be noted that
that the air drawn into the suction inlet tube serves to
separate the individual samples which pass as a flowing
stream but with the samples separated from each other,
into the suction line 11@ of the apparatus 12. The feed
device 10 operates in the described manner until all of the
samples have been withdrawn therefrom at which point
the operation of the motor 50 will be stopped and the
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ments which thus flow through the tubing serve to pre-
vent the formation of deposits on the walls of the tubing
which might otherwise occur as explained in my above-
-mentioned U. S. Patent No 2,797,149, with reference to
Fig. 3 thereof.

While the feed device of the present invention has been
illustrated and described in connection with an apparatus
for analyzing body fiuids, it will be readily apparent that
it is not limited for use with such particular type of ap-
paratus but may be utilized in connection with any type
.of apparatus where it is desirable to automatically provide
a plurality of samples in succession. It will also be ap-
parent that the feed device 10 may be constructed to pro-
vide a greater or a lesser pumber of samples than that
illustrated in the present constructioa.

While I have shown and described the preferred em-
bodiments of my invention, iL will be understood that
various changes may be made in the present invention
without departing from the underlying idea or principles
of the invention within the scope of the appended claims.

Having thus described my invention, what I claim and
desire to secure by Leiters Patent, is:

1. Sample supply apparatus comprising means having
provision to hold a plurality of samples, sample intake
means, and means for effecting relative movement of said
sample holding means and said intake means to immerse
said intake means in succession in each sample, and air-jet
defining means operable to agitate the samples during and
prior to the withdrawal thereof by said intake means.

2. An automatic feed ‘device comprising a movable
member provided with a plurality of sample receptacles,
a suction intake tube mounted relative to said rotary mem-
ber with the inlet end of said tube overlying said mem-
ber, and means for moving said member to present each
receptacle in succession to said inlet end of said intake

t tube, and an air-jet defining member overlying said mov-
able member to direct air jets at the receptacles thereof.

3. Automatic sample feed apparatus comprising a ro-
tary member provided with a plurality of sample recesses
arranged in a Tow thereon, a pivoted suction intake tube
mounted relative to said rotary member with the inlet end
of said tube gravity biased into overlying engagement with
said rotary member at said row of recesses for pivotal
movement of the inlet end of said tube into an under-
lying recess, each recess having a cam portion adapted
to pivot said tube to withdraw said inlet end from the
underlying recess in response to movement of the under-
lying recess away from- said inlet end, and means for ro-
tating said rotary member to effect said pivotal movement
of said inlet end into -and out of each recess.

4. Automatic sample feed apparatus comprising a ro-
tary member provided with a plurality of sample recesses
arranged in a row thereon, a pivoted suction iniake tube

mounted relative to said rotary member with the inlet end

of said tube gravity biased into overlying engagement
with said rotary member at said row of recesses for piv-
otal movement of the inlet end of said tube into an under-
lying recess, each recess having a cam portion adapted to
pivot said tube to withdraw said inlet end from the under-
lying recess in response to movement of the underlying
recess away from said inlet end, means for rotating said
rotary member to effect said pivotal movement of said
injet end into and out of each recess, and an air-jet defin-
ing tube overlying said rotary member to direct air jets at
each recess during and prior to the withdrawal of its
sample therefrom.

5. Automatic sample feed apparatus comprising a ro-
tary, member provided with a plurality of sample recesses
arranged in a row thereon; a pivoted suction intake tube
mounted relative to said rotary member with the inlet end
of said tube gravity biased into overlying engagement with
said rotary member at said row. of recesses for pivotal
movement of the inlet end of said tube into an under-
lying recess, each recess having a cam portion adapted to
pivot said tube to withdraw said inlet end from the under-
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&
lying recess in response to movement of the underlying
recess away from said inlet end, means for rotating said
rotary member to efect said pivotal movement of said
inlet end into and out of each rccess, an air-jet defining
tube overlying said rotary member to. direct air jets at
cach recess during and prior to the withdrawal of its

sample therefrom, and means mounting said tubes for

movement to a position laterally of said rotary member,
whereby to facilitate the upward withdrawal of said ro-
tary member from said feed apparatus.

6. Automatic feed apparatus comprising a rotary plate
having a central aperture and a plurality of apertures ar-
ranged in a row about said central aperture, said plate
having defined in its upper surface a row of recesses out-

wardly of said row of apertures, the recesses and aper-

tures of said rows, respectively, being radially aligned,
drive means projecting through said central aperture and
having provision to effect a releasable connection with
one of said plurality of apertures to rotate said plate, a
pivotally mounted suction tube having an inlet biased
into overlying contact with said rotary plate along said
row of recesses for movement of said inlet into an under-
lying recess, and means for effecting movement of said
inlet out of the underlying recess as the latter is moved
away from said inlet, whereby the rotation of said plate
will result in the pivotal movement of said tube inlet
successively into and out of said recesses.

7. Automatic feed apparatus comprising a rotary plate
having a central aperture and a plurality of apertures
arranged in a row about said central aperture, said plate
having defined in its upper surface a row of recesses out-
wardly of said row of apertures, the recesses and aper-
tures of said rows, respectively, being radially aligned,
drive means projecting through said central aperture and
having provision to effect a releasable connection with
one of said plurality of apertures to rotate said plate,
and a pivotally mounted suction tube having an inlet
biased into overlying contact with said rotary plate along
said row of recesses for movement of said inlet into an
underlying recess, and each recess having a sloped wall
portion extending to said upper surface of said rotary
plate to effect the pivotal movement of said tube out-
wardly of each of said recesses, whereby the rotation
of said plate will result in the pivotal movement of said
tube inlet successively into and out of said recesses.

8. Automatic feed apparatus comprising a rotary plate
having a central aperture and a plurality of apertures ar-
ranged in a row about said central aperture, said plate
having defined in its upper surface a row of recesses out-
wardly of said row of apertures, the recesses and aper-
tures of said rows, respectively, being radially aligned,
drive means pr()]ectlng through said central aperture and
having provision to effect a releasable connection with
one of said plurality of apertures to rotate said plate,
and a pivotally mounted suction tube having an inlet
biased into overlying contact with said rotary plate along
said row of recesses for movement of said inlet into an
underlying recess, and means for effecting movement of
said inlet out of the underlying recess as the latter is
moved away from said inléet, whereby the rotation of said
plate will result in the pivotal movement of said tube
inlet successively into and out of said recesses, and an
air jet defining member overlying said rotary plate and
having provision to direct air jets at each recess during
and prior to the withdrawal of the contents thereof.

9. Automatic feed apparatus comprising a rotary plate
having a central aperture and a plurality of apertures
arranged in a row about said central aperture, said plate
having defined in its upper surface a.row of recesses out-
wardly of said row of apertures, the recesses and aper-
tures of said rows, respectively, being radially aligned,
drive means projecting through said central aperture and
having provision to effect a releasable connection with
one of said plurality of apertures to rotate said plate, and
a pivotally mounted suction tube having an inlet biased
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locking lever 64 disengaged from the sampie holder 14
Tfor replacement of the latter, as previously described.

The feed device 10 may be utilized in connection with
an analyzing apparatus of the type illustrated and claimed
in my copending application Serial No. 330,211 filed
January 8, 1953 which has matured into Patent No.
2,797,149, owned by the assignee of this application. As
fully illustrated and described therein, and as shown dia-
grammatically in Fig. 8 herein, provision is made for the
conventional pump in which a plurality of parallel metal
fingers 130, actuated by a cam 132 and a cam shaft 134
rotating at a predetermined speed, press consecutively
against a section of a highly flexible tubing of relatively
small diameter, thus progressively moving through the
tubing the material that is being pumped. In lien of a
finger pump, any other pump suitable for the purpose may
be used, for example, the pump illustrated and claimed
in the copending application of Andres Ferrari, Jr. and
Jack Isreeli, Serial No. 463,860, filed October 22, 1954,
and assigned to the assignee hereof, may be used. The
previously mentioned flexible tube 110 connected to the
damper inlet tube 16 extends through a valve 133 into
the conduit 134, the pump fingers 130 providing the
necessary suction for withdrawing the samples from the
feeding device 10, as previously described.. A flexibie
tube 136 extends from the conduit 134 through the two
way valve 138 into a supply 140 of saline solution or into
a supply 142 of buffer solution. A flexible tube 144 ex-
tends from the conduit 134 through the two-way valve 146
to the open air, as at 148, or into a supply 150 of urease
solution. A flexible tube 152 extends from a conduit 154
through a one-way valve 156 to the open air, as at one
158. A flexible tube 160 extends from the conduit 154
through a two way valve 162 to a supply 164 of ferri-
cyanide solution or to the open air as at 166. A flexible
tube 168 extends from the conduit 154, through a two
way valve 170, to a supply 172 of ferricyanide solution,
or to a supply 174 of water. A flexible tube 176 extends
from a supply 178 of Nesslar’s reagent through a one-way
valve 180 to a reaction tube 182.

As illustrated herein, the analyzing apparatus is equally
adapted to take samples containing either glucose or urea
to analyze the samples for these factors, The valves are
designated V' and V”’ depending on whether they are one-
way or two-way valves. As indicated, a sample contain-
ing glucose or urea or some other diagnostically significant
factor is supplied to the apparatus 12 by the feed device
10 by means of the suction line 118 provided with the
one-way valve 133, The contaiiners 140, 164 and 172,
by means of lines 136, 160 and 168, supply the saline
solution and the solution of potassium ferricyanide. Air
is supplied by lines 144 and 152, the latter being provided
with a one-way valve 156. Each of the lines 136, 144,
160 and 168 includes a two way valve, as described, which
is provided in ‘order that the operator operating apparatus
may, if he desires to switch from an analysis of glucose
to an analysis for urea. The two way valve 138 permits
for the processing media to be drawn either from the
saline solution in container 140 or from the buffer solu-
tion in container 142. The two-way valve 146 permits
for the supply of either air or urea solution from the
container 150. The two-way valve 162 provides for the
supply of either ferricyanide solution from the container
164 or air. The two-way valve 17¢ provides for the
supply of either ferricyanide solution from the container
172 or water from the container 174. The two way valve
designated 181 permits the mixtures of processing media
and sample to be directed to a dialyzer 184 by either one
of two alternative routes. One of these, for use where
the sample is being analyzed for glucose, is through line
186 through the two-way valve 188, and then through line
190 leading to the upper half 192 of dialyzer 184. The
other route, for use where the analysis is for urea, is
through line 194, through a coil 196 in a low tempera-
ture water. bath 198, and thence through line 200, the
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two-way valve 188 and the line 190 into the upper half
192 of the dialyzer 184. Whatever the nature of the mix-
‘ture of processing media and sample, which depends on
the nature of the diagnostically significant factors for
which the analysis is being made, the crystalloid con-
stituents of the samples diffuse through the dialyzer from
the upper half to the lower half thereof and what re-
mains after the diagnostically significant factor or crystal-
loids have been removed in the dialyzer 184 is discarded
through the line 202.

If the analysis that is being made is for glucose, potas-
sium ferricyanide solution is drawn from containers 164
and 172 through the two way valves 162 and 170 into the
lines 160 and 168. Simultaneously, air is drawn into the
system by way of airline 152. The mixture that results
where lines 152, 160 and 168 meet is fed by way of
commeon line 154 to the lower half 204 of dialyzer 184,
from which the mixture passes by means of line 206 into
the two-way valve 208 and through it to line 210. It
proceeds thence to the high temperature bath 212, in
which it is heated to a temperature equal to or approach-
ing that of boiling water. After passing through a cooling
coil 214, the mixture passes through the lines 216 and 218
to a continuous flow cell 220. :

If, however, the analysis that is being made is not for
glucose but for urea, the mixture sent to the lower half
204 of the dialyzer 184 by way of the common line 154
consists of water from container 174 and air from lines
152 and 160. After having passed through the lower half
204 of dialyzer 184, this mixture, which now includes
ammonium salt derived from urea in the sample, passes
through line 206, two-way valve 208 and line 222 into
reaction tube 182. Simultaneously, Nesslar’s reagent from
container 178 is admitted to the reaction tube 182 by way
of line 176. The final mixture, which is colored, passes
into the flow cell 2206 by way of the discharge line 224
into the common line 218. In the system illustrated in
Fig. 8 there is a minimum of seven flexible lines on which
the pump can operate by means of the pump fingers 130,
the cam 132 and the cam shaft 134. With seven lines
arranged as shown, the operator can switch from glucose
to urea or vice versa by opening or closing one-way valves
marked V’ and setting two-way valves marked V”, as
indicated by the foregoing description. Thus the ap-

5 paratus can be operated to provide an analysis for the

contents of the various samples in the feed device 10 for
either glucose or urea.

By suitable adaptation, the analysis to be made may be
for other constituents of blood, urine and like body fluids;
for example, the metallic constituents. The colored mix-
ture flows into the flow cell 220, which preferably is of the
type illustrated and claimed in the copending application
of Andres Ferrari, JIr., Serial No. 516,300, filed June 17,
1955, and assigned to the assignee hereof. The flow cell
228 is mounted in a holder 226 provided with a light
passageway 228 having a constricted opening 230 ad-
jacent one arm of the flow cell 220. Light passing from
the light source 232 through the restricted light aperture
230 is transmitted through the colored mixture in the flow
cell 220 to a photoelectric device or photo tube 234. The
output of the photo-tube 234 is amplified by the amplifier
236 and then applied to a recorder 238 which makes a
continuous record of the changes in the color concentra-
tion of the mixture flowing through the flow cell 220
into the discharge outlet 240. The samples being drawn
into the inlet line 110 through the feed device 10 are
separated from each other by air which is drawn into the
system as the inlet tube 16 moves out of each sample
recess 18 into the next recess 18, to form air bubbles be-
tween succeeding samples.

It will be apparent that during the flow of the liquids
through the tubing, the air which is introduced into the
flnid streams during the flow of the liquids in the tubing
divides each of said streams into alternate liquid segments
separated by intervening air segments, and the air seg~
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iitto overlying contact with said rotary plate along said
row of recesses for movement of said inlet into an under-
lying recess, and means for effecting movement of said
inlet out of the underlying recess as the latter is moved
away from said inlet, whereby. the rotation of said plate
will result in the pivotal movement of said tube inlet
successively into and out of said recesses, an air jet de-
fining member overlying said rotary plate and having pro-
vision to direct air jets at each recess during and prior
to the withdrawal of the contents thereof, and a rotary
mount for said suction tube and said air jet member for
moving said tube and air jet member laterally of said
rotary plate to clear the latter for withdrawing the plate
from said drive means.

10.. Apparatus for analyzing or processing a series of
individual liquid samples, comprising means in which said
series of samples are received for subjecting them to
treatment required for their analysis processing, said treat-
ment means having an intake device for said samples, a
device for holding said series of samples, means for im-
mersing said intake device successively into said samples
for feeding said series of samples automatically in succes-
sion and separated from each other to and through said
treatment means in the form of a flowing stream but
with the samples separated from each other in said stream,
and means responsive automatically in succession to
changes in said samples, respectively, during the flow
thereof in said stream for automatically passing air
through said intake device between successive samples.

11. Apparatus for analyzing or processing a series of
individual liquid samples, comprising means in which
said series of samples are received for subjecting them to
treatment required for their analysis processing, said treat-
ment means having an intake device for said samples, a
device for holding said series of samples, means for im-
mersing said intake device successively into said samples
for feeding said series of samples automatically in succes-
sion and separated from each other to and through said
treatment means in the form of a flowing stream but with
the samples separated from each other in said stream,
and means responsive automatically in succession to
changes in said samples, respectively, during the flow
thereof in said stream for indicating said changes, means
operable automatically between successive immersions of
said intake device for passing air through said intake de-
vice between successive samples, and means operable
automatically at least during the periods of immersion of
said intake to introduce air into said liquid samples in
the treatment means whereby each sample of said flowing
stream is divided into alternate segments of liquid sepa-
rated by an intervening segment of air.

12. Apparatus for analyzing or processing a series of
individual liquid samples, comprising means in which said
series of samples are received for subjecting them to
treatment required for their analysis, a device for includ-
ing sample receptacle means feeding said series of samples
automatically in succession and separated from each other
to and through said treatment means in the form of a
flowing stream but with the samples separated from each
other, dialyzer means, and means responsive automati
cally in succession to changes in said samples, respectively,
during the flow thereof in said stream for indicating said
changes, said device having provision to agitate said series
of samples during and prior to the feed thereof to said
dialyzer, means for preventing the separation of the various
samples into the respective components thereof, said agi-
tating means comprising a member having provision to
direct air-jets at the samples in said sample receptacle
means.

13. Apparatus for analyzing a series of individual liquid
samples containing crystalloid and non-crystalloid con-
stitutents to obtain a quantitative indication of a sub-
stance contained in said crystalloid constituent, comprising
a movable device having a plurality of compartments for
holding said series of samples, means for intermittently
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moving said device, means for forming a flowing strearh
of said samples but with said samples separated from
each other in said stream, said stream forming means
having an intake device, means for automatically operat-
ing said intake device in timed relation to said holding
device successively immersing said intake device into said
liquid samples, dialyzer means in the path of flow of said
stream for separating from said flowing stream 2 portion
of the crystalloid conmstituent of each sample from the
non-crystailoid constituent thereof in proportion to the
quantity thereof in the liquid sample to be analyzed,
means for forming a second liquid stream flowing con-
currently with said first stream in a path to intercept and
mix with the separated portions of said crystalloid sub-
stances, and means in the path of flow of the second
stream for analyzing said second stream.

14. Apparatus for analyzing a series of individual liquid
samples containing crystalloid and non-crystalloid con-
stituents to obtain a quantitative indication of a substance
contained in said crystalloid constituent, comprising a
rotary device having a plurality of compartments for
holding said series of samples, means for intermittently
moving said device, means for forming a flowing stream
of said samples but with said samples separated from each
other in said stream, said stream forming means having
an intake device, means for automatically operating said
intake device in timed relation to said holding device
successively immersing said intake device into said liquid
samples, dialyzer means in the path of flow of said stream
for separating from said flowing stream 2 portion of the
crystalloid constituent of each sample from the non-
crystalloid constituent thereof in proportion to the quan-
tity thereof in the liquid sample to be analyzed, means
for forming a second liquid stream flowing concurrently
with said first stream in a path to intercept and mix with
the separated portions of said crystalloid substances, and
means in the path of flow of the second stream for
analyzing said second stream, and means associated with
said sample holding device to agitate said series of samples
during and prior to the feed thereof to said dialyzer
means.

15. Apparatus for analyzing or processing a series of
individual liquid samples, comprising means in which
said series of samples are received for subjecting them to
treatment tequired for their processing, said treatment
means having an intake device for said samples, a device
for holding said series of samples, means for immersing
said intake device successively into said samples for feed-
ing said series of samples automatically in succession and
separated from each other to and through said treatment
means in the form of a flowing stream but with the
samples separated from each other in said stream, said
{reatment means comprising tubing through which said
stream flows, and means operable automatically during
the flow of said stream for injecting air into said tubing
for dividing the fiuid of each sample into a series of
alternate segments of liquid separated by intervening air
segments, respectively.

16. Apparatus for treating a liquid for analysis or other
processing, comprising tubing for conducting said liguid,
means operable in conjunction therewith for passing a
stream of the liquid therethrough together with a fluid
for treating said liquid to at least partially condition it
for processing and means operable during the flow of
said stream in said tubing to inject air into said tubing
and thereby dividing the liquid stream into alternate
segments of liquid separated from each other by inter-
vening air segments, respectively, while said stream flows
through said tubing.

17. Apparatus for treating a liquid for analysis or other
processing, comprising tubing for conducting said liquid,
means operable in conjunction therewith for passing a
stream of the liquid therethrough together with a fluid
for treating said liquid to at least partially condition it
for processing and means operable during the flow of
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:said stream .in said tubing to inject air into said tubing
‘and thereby dividing the liquid stream into alternate seg-
.ments of liquid separated from each other by intervening
air segments, respectively, while said stream flows through
said tubing, and pump means for pumping said liquid and
air segments through said tubing and for injecting the
air therein.

18. Automatic sample feed apparatus comprising a
rotary member . provided with a plurality of sample re-
ceptacles arranged in a row thereon, a suction intake
tube positioned laterally of said rotary member outwardly
thereof and having its inlet end in a position overlying
said receptacles during the rotation of said rotary mem-
ber, means mounting said suction intake tube in said
position for movement in relation to said rotary member
for moving said inlet end of said suction intake tube into
-and out of said receptacles, means for intermittently ro-
tating said rotary member to position said receptacles in
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succession in registry with and under the inlet end of said
suction intake tube, and means for effecting the move-
ment of the inlet end of said suction intake tube into

each of said receptacles.
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