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CENTRIFUGE AND CENTRIFUGE HEAD FOR SEP 
ARATING CONSTITUENTS OF A LIQUID AND A 
LINER THEREFOR 

George N. Hein, 331 Chesltam Ave., San Carlos, Calif. 
Filed May 7, 1962, Ser. No. 192,709 

17 Claims. (Cl. 233—20) 

This invention relates to a structurally and functionally 
improved apparatus and method for centrifuging liquid 
materials to separate them into their various constituents. 

In the present world of technology and science the 
process of centrifugation, for certain applications may be 
extremely desirable. 
One or more of the constituents, of de?nite speci?c 

gravity of a liquid may need to be removed or isolated in 
this manner, or, for that matter, the liquid may have to 
be broken down into all of its component parts of different 
Weights to reach the ultimate desired. Notwithstanding 
the purpose, there are many avenues for improvement, in 
contemporary apparatus and techniques the need and de 
mand for which obviously depend upon the application. 
In some cases, the apparatus and techniques employed are 
lacking in superior performance and accuracy or may be 
facing obsolescence. Sophistication in design and opera 
tion may also leave much to be desired. 
While the present invention has general utility in the 

centrifugation ?eld and is a signi?cant and important con 
tribution thereto, it does have particular application to the 
centrifugation of whole blood for providing cell free, 
substantially pure plasma. As an exemplary and illustra 
tive speci?c embodiment, this disclosure will be devoted 
primarily to this area of blood separation. However, it 
should be abundantly clear that the invention does have 
a broad application in the ?eld of liquid separation. 

Heretofore, it has ‘been proposed to obtain plasma from 
blood by the utilization of rather large, cumbersome and 
costly apparatus, as well as time-consuming and expen 
sive techniques. For example, batch separation by cen 
trifugation has been proposed wherein selected individual 
receptacles containing whole blood were suitably mounted 
in a centrifuge. Such apparatus, however, required a 
number of strategically located blood receptacles or coun— 
terweights before the centrifuging operation was initiated. 
Otherwise, the revolving head would not be properly bal 
anced, thereby causing undesirable stresses and torques. 
As a rule, the individual batches of blood, due to the 

particular parameters and characteristics of the apparatus, 
would be placed at an appreciable radial distance from 
the axis of rotation, of the centrifuge head. Quite under 
standably, the inertial forces required to be overcome 
resulted in an appreciable lapse of time before the cen 
trifuge head would reach its selected running speed of 
rotation. Conversely, when separation of the blood con 
stituents was attained the deceleration time was also high, 
requiring, in a number of instances, the incorporation of 
braking devices. 

Nevertheless cross-mixing of red cells with plasma oc 
curred frequently thereby minimizing the accuracy of sep 
aration by such apparatus. On the other hand, if cross 
mixing in such apparatus was insured against, the percent 
age of pure plasma capable of being recovered was very 
small as compared to the quantity of whole blood utilized. 
Needless to say, the installation of such centrifuge ap 
paratus was permanent and did not led itself to portability. 
If it were desirable to run coagulation and prothrombin 
time tests at the bedside of a patient, this would be virtu 
ally impossible. 
The present invention not only overcomes the disadvan 

tages of prior art centrifugation apparatus as typi?ed in 
the above but, for the ?rst time, as one of its objects, in 
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troduces to the art a portable, miniature, compact and 
high-speed centrifuge speci?cally designed to provide for 
liquid separation in a minimum amount of time. 
Another object is to provide for rapid separation of 

liquid materials and wherein selected constituents are 
adapted to be isolated while, at the same time, being free 
from cross-mixing with one another. 

Still another object is to provide for such liquid sep 
aration in which the isolated constituents are trapped and 
sealed from one another and wherein such separation 
takes place within a disposable bag having sealable zones 
for etfecting constituent isolation. 

It is an important object of this invention to provide 
for blood separation by centrifugation whereby cell-free, 
pure plasma is obtained in a minimum amount of time, 
thereby eliminating the many variables due to prolonged 
processing of Whole blood. 

Another important object is to provide for the separa 
tion of whole blood into ready-to-use plasma by an im 
proved means and technique for centrifuging a single, in 
dividual blood sample, as distinct from batch separation, 
without being concerned with the ‘balance of the centrifuge 
head. 
A further object is to provide for accurate centrifuga 

tion, particularly of whole blood, wherein an optimum 
amount of pure plasma is attained rapidly without danger 
of detrimental or uncontrolled cross-mixing of the con 
stituents by introducing an effective seal, after separa 
tion, between plasma and red cells. 
A still further object is to provide an improved and 

ef?cient process for the centrifugation of whole blood by 
the employment of the foregoing apparatus and, at the 
same time, utilizing a disposable ‘blood bag into which a 
blood sample may be readily introduced, separated into 
its constituent parts which may then be trapped to pro 
vide pure plasma. 

Other objects and advantages of the present invention 
are realized and contemplated by the following miniature, 
compact centrifuge having a minimum number of parts 
and possessing characteristics of portability and high speed 
centrifugation. Thus, a centrifuge incorporating the teach 
ings of the present invention includes a centrifuge head 
which, in its “cooked” or ready-to-use condition, is ca 
pable of receiving a disposable blood sample bag and 
secure it in place during centrifugation. In this connec 
tion, a removable cap facilitates the positioning, secure 
ment and removal of the bag with respect to the head. 
At the same time, the cap, as well as the bag, are provided 
with aligned openings to permit the insertion of the 
selected quantity of liquid to be separated. For purposes 
of discussion and as illustrative only, blood will be selected 
as this liquid. 
The con?guration of the bag is such that central cham 

ber is provided within which the pure plasma will be 
eventually trapped, and an annular, circumferentially ex 
tending peripheral well communicating therewith. The 
volumetric capacity of the well is of such a proportion 
whereby, during centrifuging, all the red blood cells are 
accommodated plus a very small percentage of plasma. 
The well is sufficiently large to permit the collection of 
all of the red cells, not withstanding the range of varying 
relative percentages of these constituents for the blood . 
samples ordinarily contemplated. The primary intent of 
the centrifuge of the present invention, as applied to sep 
aration of whole blood, is to provide pure plasma quickly 
and conveniently for test procedures to follow such as 
prothrombin time determinations. 
of the very small percentage of plasma and red :blood 
cells in the peripheral well after centrifuging and follow 
ing the entrapment of the major portion of plasma in 
the central chamber in a manner to be described shortly, 
is of no concern. 
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The centrifuge head is drivably coupled with the out 
put shaft of a motor. This coupling output includes a 
quick disconnect locking assembly which serves a dual 
purpose. 'First of all, this assembly, which is ?xed to 
the output shaft, enables the centrifuge head through a 
mechanical frictional surface interengagement to turn 
with the output shaft without slipping. Secondly by the 
mere application of manual pressure, the locking means 
releases the head whereby it may be removed completely. 
The centrifuge head includes a plunger on which the 

disposable bag is adapted to rest and which is spring 
‘biased towards the cap. At the same time the plunger is 
releasably latched in a bias condition by a pair of latch 
assemblies. 

Thus, after the bag is mounted in the centrifuge head 
and loaded with the selected blood sample, the motor is 
energized to initiate the period of rotation of the head, 
which may be manually controlled or automatically gov 
erned by a suitable timing means. As the head rotates, 
the blood constituents of higher speci?c gravity move 
outwardly to replace, in the peripheral well of the bag, 
constituents of lower speci?c ‘gravity. When the hy 
draulic pressure within the bag increases with increased 
induced centrifugal forces, the plunger will be forced 
downwardly away from the cap. At a given point of de 
pression, the plunger will be released by the latching 
means. After a given period of rotation at which the 
desired separation is attained, the motor is de-energized 
resulting in a deceleration of the head speed. The in 
duced centrifugal forces will be correspondingly reduced 
and the hydraulic pressure load on the plunger propor 
tionately decreased. With this reduction in pressure, 
the plunger is free to move upwardly under the influence 
of its biased spring towards the cap. \Vhen this occurs, 
the adjacent walls of the bag will be sealed as the plunger 
comes to rest against ‘the cap. The sealed surfaces of 
the bag de?ne an annular zone separating the main cen 
tral chamber of the bag from its peripheral wall. This 
sealed relationship su'bsists after cessation of rotation 
where-by the lighter constituents, which in the instant em 
bodiment is plasma, will be entrapped in the central 
chamber from the constituents of higher speci?c gravity 
contained in the peripheral well. The pure plasma may 
now be removed from the bag by merely employing con 
ventional aspirating devices inserted through both coaxial 
openings in the cap and bag. 

In order to reload the centrifuge, the cap need only be 
removed and the bag replaced. Prior to the insertion of 
a fresh bag in the centrifuge head, the plunger is de 
pressed to its “cocked” position at which the latching 
means, once again, releasably lock the plunger against its 
biased spring. The cap is remoun-ted to clasp the new 
cell securely in place in the centrifuge ‘head after which 
the centrifuging operation, on a fresh blood sample, may 
‘be repeated. 
The following detailed description is to be taken in 

conjunction with the accompanying drawings illustrating 
a somewhat preferred embodiment of the present inven 
tion, it being understood, however, that the scope of the 
present invention is not necessarily limited thereby. 

FIG. 1 is a fragmentary side elevational view of the 
centrifuge embodying the teachings of the present inven 
tion; 

FIG. 2 is a top plan view thereof; 
FIG. 3 is an exploded elevational view of the com 

ponents of the centrifuge with certain parts broken away 
and removed; 
FIG. 4 is an enlarged fragmentary sectional view taken 

along the line 4-4 of FIG. 2 showing the centrifuge 
supporting a disposable bag containing the material to be 
separated, which for illustrative purposes will be whole 
blood, prior to the initiation of centrifugation; 

FIG. 5 is a similar view with further parts broken away 
and removed showing the level of the material in the 
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4 
bag after commencement of operation, and, at the same 
time, the displacement of parts as centrifugation increases 
and accompanying centrifugal forces are produced; 

FIG. 6 is also a similar view showing the entrapment 
of the heavier constituents, notably red blood cells, 
through the displacement of parts of the centrifuge, leav 
ing pure blood plasma in the inner chamber of the bag; 

FIG. 7 is an enlarged side elevational view in section 
of the locking assembly and the associated parts of the 
head assembly as the former is actuated to permit the 
removal of the latter; 

FIG. 8 is an enlarged side elevational view of the dis 
posable bag adapted for use with the centrifuge; 

FIG. 9 is a perspective view on a reduced scale ‘of the 
top disc of the bag; 
FIG. 10 is a similar perspective view of the bottom 

disc of the bag; and 
FIG. 11 is an enlarged cross-sectional view of the bag 

illustrating the displacement of the bottom disc wall in 
phantom for trapping the constituents of the contents of 
the bag having higher speci?c gravities. 
The illustrated centrifuge includes a head assembly 

which may be permanently, or releasably, attached to 
motor 22. To render these parts operable, they should 
be mounted in a suitable casing which will also afford 
protection to the operator, in the event that some part 
should, fail, while rotating at high speed. 

In accordance with the present invention, a portable, 
reduced-size centrifuge is proposed, not only for use 
in clinics and medical laboratories by trained as well 
as untrained technicians, but by physicians to the extent 
that blood separation can be performed at a patients 
bed side. Further applications in other liquid separa 
tion ?elds will also be apparent. This centrifuge can 
readily be lifted and carried with only one hand without 
any appreciable effort. The head assembly, for example, 
may be no more than approximately 11/2 inches in di— 
ameter. Naturally, it will be understood that such pa 
rameters may be varied over wide limits. The speed 
capabilities of the motor employed ranges from about 
15,000 to 20,000 rpm, averaging approximately 18,000 
rpm. 
The head assembly is formed with a compartment 

that serves to secure a disposable bag 26 in which the 
material to be separated is initially introduced, cen 
trifuged, separated and its constituents trapped. Thus, 
the head assembly comprises a centrifuge body 28 sup 
porting a plunger 30 which is adapted to be releasably 
latched thereto by a pair of identical latch assemblies 
32. The plunger 30 is displaceable and under the bias 
of spring 34 acting against the body and the plunger 
through a spring cone 36. When unlatched, the dis 
placement of the plunger 30 relative to the body 28 is 
limited by the screw 33. A cap 40 is additionally included 
and is removably secured to the body 28 to permit 
the disposable bag 26 to be anchored within the head 
assembly during centrifuigation. On the other hand, 
the cap is readily removed {from the body when the 
separated constituents of the blood have been utilized 
as intended and for permitting reloading of further bags 
for the selected samples to be centrifuged. 

Reference is now made to the structural details of 
the body 28. In this connection, the body 28 is pro 
vided with a cavity 42 de?ned by a conical wall 44, 
base 46 and the somewhat thicker outer wall 48. A 
radial ?ange 50 extends inwardly from the conical wall 
44 and is formed with a central bore 52 of sufficient di 
ameter to receive the shank of the screw 38. The outer 
somewhat thicker wall is provided with a pair of dia 
metrically opposed tapered bores 54 extending into 
inner reduced bores 56 communicating with the cavity 
42. These bores serve to accommodate the latch as 
semblies 32 to be described in detail below. A cir 
cumferentially extending rim 58 projects upwardly from 
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the outer wall 48 and is formed with external threads 
60 mating with corresponding threads of cap 40. A 
lower circumferentially extending wall 62 is provided 
with a conical extension 64 to be releasably locked 
by locking assembly 24. 
As stated, plunger 30 is adapted to be displaceable 

with respect to body 28 in order to permit trapping of 
the bag constituents during the centrifuge operation. 
Under such circumstances, plunger 30 includes a cy 
iindrioal body portion 66 in sliding engagement with 
the inner face of the thickened outer wall portion 48 
of the body 28. A radial ?ange 68 extends outwardly 
from the cylindrical body portion 66, and, in turn, is 
in proximity with the inner face of the rim 58 of the 
body 28. The cylindrical body portion 66 is provided 
with an annular groove 70 which receives displaceable 
projecting portions of the assemblies 32. The exterior 
lip 72 is adapted to engage with these portions in com 
pleting the intended latching function. The piston 30 
further includes an upper head portion 74 extending 
over the top of the cylindrical body portion 66. Head 
portion 74 is predominantly conically shaped having 
inclined face 76 and an arcuate apex 78. The outer 
circumferentially extending periphery of the head por 
tion 74 includes an annular surface portion 80 at a 
divergent angle with respect to the conical surface 76. 
This annular portion de?nes with the outer circumferen 
tially extending wall surface 82, an annular corner lip 
84 which cooperates in providing the sealing zone in 
trapping the separated constituents of the liquid within 
the bag 26 during centrifugation. As will be observed, 
the wall portion 82 together With the ?ange 68 and inner 
face of the lip 58 form an annular cavity for receiving 
the peripheral Well of the bag 26. A concentric cylin 
drical boss 86 projects from the interior of the head 
portion 74 and is formed with internal threads 88 for 
mating with the threads of the screw 38, which serves 
as a stop for limiting the permissible vertical movement 
of the plunger 30. 
The plunger 30 is biased longitudinally away from the 

body 28 by means of spring 34. One end of the spring 
34 engages with the base 46 of the body 28; and the 
other end bears against the spring cone 36. In this 
connection, the cone 36 includes annular spring retain 
ing ?ange 90 extending downwardly and interiorly of 
the upper end of the spring 34. The apex end of cone 
36 on the other hand, is provided with an axial opening 
92. This end is accordingly permitted to rest in the 
arcuate corner of the head portion 74 and boss 86 of 
the plunger 30. Thus, the spring pressure will be ex 
erted on the plunger 30 through the interposed spring 
cone 36. 
When the latches 32 are retracted to release the plunger 

30, upward movement of the plunger under the in?uence 
of the spring 34 is limited by the screw 38. As men 
tioned in the foregoing, this screw 38 engages with the 
internal threads 88 of the plunger boss 86. The head 
96 of the screw is disposed on the other side of the radial 
?ange 50 of the body 28, and, consequently, is adapted 
to engage therewith in limiting the upward longitudinal 
displacement of the plunger 30 relative to the body 28. 
The bag 26 is secured in position when mounted in 

the centrifuge by means of the cap 40. This cap is prefer 
ably formed from a transparent material in order that the 
contents of the bag 26 which may also be transparent can 
be advantageously observed through the centrifugation 
process. Any one of a number of materials can be 
utilized in fabricating the cap. Lucite, however, has been 
found to perform satisfactorily under the contemplated 
conditions. The cap 40 includes an annular ?ange 98 
having internal threads 100 which mesh with the threads 
60 of the rim 58 of the body 28. The inner surfaces of 
the cap 40 conform with the contours of the associated 
parts of the bag 26. In this regard, While progressing 
radially inwardly the interior will include an annular re 

' tainin-g face 102 from which extends inwardly, in concen 

15 

25 

60 

65 

70 

75 

tric relation, a conical surface 104 which, in turn, ex 
tends into another conical surface also concentrically dis 
posed but having a somewhat increased base angle. As 
illustrated, the upper end of the cap 46 is recessed an 
nularly, and at the same time, is provided with an axial 
opening 108 which permits the insertion of the material 
to be separated by the centrifuge. Thus, it will be ob 
served that the cap 40 cooperates with the plunger 30 and 
body 28 to provide a main central cavity 110 and a 
communicating annular cavity 112 for the reception of 
corresponding parts of the bag 26 to be described in 
detail shortly. 
As stated, a pair of latch assemblies 32 are employed 

to releasably hold the plunger 301 in a cocked position 
against the bias of the spring 34 and, at the desired time, 
release the plunger to thereby initiate entrapment of cer 
tain of the separated constituents of the material in the 
bag 26. Although details of speci?c assemblies are dis 
closed herein, it should be understood, other comparable 
assemblies could be employed equally as well. Each as 
sembly 32 includes a stud 114 having an enlarged head 
116 both of which are adapted to be disposed in the as 
sociated opening 70 of the plunger 30‘. Under these cir 
cumstances, the head 116 will be adapted to latch with 
the lip 72 of the plunger 30. The stud 114 extends from 
a cylindrical cup 118 having a base 120 and cylindrical 
sidewalls 122 displaceable within bore 56 of body 28. A 
spring 124 projects outwardly from Within the cup‘ 118 
having one of its ends bearing against the cup base 120‘. 
A plug 126 for the bore 56 includes external threads 128 
engaged with threads 54. The other end of the spring 
124 bears against this plug 126 and is maintained in co 
axial relationship by means of the stud 1311 extending 
inwardly from the plug. The spring 124 is calibrated to 
exert su?icient force to maintain the stud 114 Within the 
opening 70 and with enlarged head 116 is latched posi 
tion with the lip 72. However, when a desired and pre 
determined magnitude of centrifugal force is attained, and 
the head 116 and lip 72 are unlatched, the biased spring 
is adapted to be overcome by the radial thrust of the 
mass acting thereon, thereby permitting the retraction of 
the head 116 from the opening 70. Accordingly, the 
plunger 30 will now be free to shift upwardly under the 
in?uence of the spring 34. 

In order to create the centrifugal forces for constituent 
separation it is preferred that centrifugal head 20' be 
rotated by motor 22. To this end, the head 20 is driv 
ably connected to the motor shaft 132 by locking assem 
bly 24 which, as will be fully explored, also permits com 
plete disengagement and removal of the head. Accord 
ingly, cone 134 is pressure ?tted on the terminal end of 
the shaft 132 and seats the head body 28' by engaging the 
inner face of the conical Wall 44. The cone presents an 
annular radial ?ange 136 intermediate its ends. A cage 
of cylindrical ?guration 138 is secured to the periphery of 
this ?ange 136 and is provided with apertures 140 at 
spaced intervals which for purposes of balance during cen 
trifuging may be located at 120 degree intervals. Balls 
142, having a diameter larger than that of the apertures 
140 of the cage 138, are nevertheless adapted to project 
through the associated aperture so that the ?ange 136 and 
the inner face of the conical portion 64 may be simul 
taneously engaged thereby. Under these circumstances, 
the head 20 will be adapted to be locked to the cone 
134, and consequently the shaft 132. 
The present invention contemplates a quick disconnect 

coupling of the head 20. A coupling of this nature may 
include a locking member 144, having a conically tapered 
side face 146 which is adapted to cam against balls 142 
and maintained them in looking position. In addition, the 
locking member 144 includes a sleeve 148 which sur 
rounds a base 150 of the conical member 134, and is 
adapted to slide thereon. A cavity 152 is provided for 
locking member 144 exteriorly of the sleeve 1481 and is 
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adapted to seal one end of the spring 154. A ring 156, 
secured to the lower terminal end of the stern 150 of 
the cone 134, is formed with a circular slot 158 for re 
ceiving the other end of the spring 154 and maintain it in 
a compressed state. A radial ?ange 160 extends out 
wardly from the base of the locking member 144 and 
facilitates gripping of this member so that it may be 
depressed against the bias of the spring 154 to permit the 
ball 142 to be shifted inwardly to clear the conical por 
tion 64 of the head ‘body 28 to permit the removal of 
the entire head assembly 20‘. 

It will be apparent, that with the parts in the position 
shown in FIG. 4, the head assembly 20‘ will have its conical 
wall 44 ?rmly seated on the cone 134 so that the head 
will turn with the motor shaft 132. However, depression 
of the locking member 144 relative to the base 150 and 
the cone 134, as for example, by applying pressure against 
the radial ?ange 161), will shift the parts to the position 
depicted in FIG. 7. The balls 142 under these circum 
stances will shift inwardly towards the center to a posi 
tion at which they clear the conical extensions 64. Ac 
cordingly, the head 20 need only be grasped and lifted to 
clear the locking assembly 24. 

Conversely, if it is desired to remount the head 20‘, the 
member 144 is depressed against the bias of spring 154 
to shift the balls 142 inwardly to thereby permit the 
conical extension 64 to freely ensleeve the ring 138 with 
the conical wall 44 ?rmly seated in place on the cone 
134. At this time, the locking member 144 may be 
released whereupon the spring 154 will shift the locking 
member 144 and particularly its sleeve 148 upwardly along 
the stem 150. Under these circumstances, the centrifugal 
head 120 will be locked in place against unintentional 
detachment. 
The bag 26 is preferably formed of an organic plastic 

material which renders it economically feasible commer 
cially to permit only-one-time use of the bag and its 

The volumetric capacity of the bag 
need only be a little over 3 ml. The bag is comprised of 
an upper disc 162 and a lower disc 164 which may be 
formed separately and then bonded together adjacent their 
peripheries along the zone 166. The upper disc 162, under 
these circumstances, is preferably of a somewhat rigid 
nature as compared to the lower disc 164, which, on 
the other hand, is substantially ?exible for reasons that 
will become evident shortly. The peripheral zone 166 
when placed in the centrifuge head 20 is adapted to be 
clamped between the rim 58 and the cap face 102 when 
the cap is screwed tightly on the head body 28. 
The upper disc 162 is adapted to conform in con?gura 

tion with the interior surfaces 102, 104 and 196 of the 
cap 40. Thus, the upper disc 162 will include a substan 
tially planar peripheral annular wall 168 from which ex 
tends inwardly a conical 'wall .170 which in turn extends 
into a second conical wall 172 possessing an increased 
base angle. At its upper end the disc 162 de?nes a sub 
stantially coaxial circular opening 174- which permits the 
introduction of the material to be separated and at the 
same time eventual removal of constituents of lesser spe 
ci?c gravity. 
The lower disc 164 possesses a shape generally con 

forming to that of the top of the plunger 38. In this 
connection, a conical wall 176 is present and includes a 
central and accurately shaped apex 178. Its base extends 
into a substantially divergent annulus 180 terminating in 
rounded corner 182. The outer peripheral edge of the 
lower disc 164 includes a pair of slightly converging down 
wardly projecting side walls 184 and 186 joined to one 
another by an integral bottom wall 188. The lower disc 
includes a peripheral annular wall 1% which is sealed to 
the wall 186 of an upper disc 162 along peripheral zone 
166. In view of the ?exibility of the lower disc 164, it is 
adapted to ?ex upwardly such that the rounded ‘annular 
corner 182 will ?rmly engage the upper disc 162 along 
zones of the conical wall 170 in sealing relationship to 
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permit entrapment of separated constituents of the con 
tents of the bag during centrifugation. Under the cir 
cumstances, the corner 182 divides the interior of the bag 
into an inner chamber 192 and outer annular well 194. 
As will become apparent shortly, the constituents of the 
material to be separated of a higher speci?c gravity will 
eventually be disposed primarily in the Well 184 whereas 
the constituents of lower speci?c gravity will be contained 
in the main chamber 192. 

In using a centrifuge incorporating the teachings 
of the present invention, the cap 40 is initially detached 
from the head body 28 by unscrewing it relative to the 
body lip 58. The piston 30 is then depressed to its cocked 
position and releasably locked by latch assemblies 32 as 
depicted in FIG. 4. Whereupon disposable bag 26 will 
be placed upon piston 30 and the cap 40 reapplied so that 
the periphery of the bag 26, as de?ned by the annuli 168 
and 190 in the respective upper and lower discs 162 and 
164, is clamped between the face 102 of the cap 40 and the 
lip 58. While the present invention may be advanta 
geously employed in the centrifugation of various solu 
tions, as stated, it is particularly signi?cant in connection 
with separating constituents of blood. In this connection, 
the centrifuge is employed advantageously in providing 
pure plasma quickly and conveniently for testing, as for 
example, in prothrombin or coagulation time determina 
tions. 
With this in mind, a measured quantity of whole blood 

would be introduced into the disposable bag 26 through 
the openings 108 and 174 of the cap 40 and bag 26, 
respectively. Centrifugation would, under these circum 
stances, have the effect of separating whole blood into 
pure plasma and red blood cells which would collect in 
the well 194 of the bag, because of their higher speci?c 
gravity. The lower speci?c gravity constituent, notably 
plasma, would collect closer to the axis of rotation and 
occupy the chamber 192. The measured quantities of 
blood ordinarily contained by the bag 26 will be in the 
neighborhood of approximately 2 ml. 

Thus, after loading the positioned bag 26 the motor 22 
is energized. The head 20 will immediately begin its 
period of rotation. As the head 20 rotates, constituents 
of the blood possessing higher speci?c gravities will move 
radially outwardly and replace those of lower speci?c 
gravity. Accordingly, the heavier red blood cells will 
accumulate in the cavity 194 whereas the plasma will 
predominate the inner bag chamber 192. The volumetric 
capacity of the well is designed to result in collection of 
all red blood cells plus small percentages of plasma. 
The well is therefore su?iciently large to accommodate 
the range of varying relative percentages of red blood 
cells for a 2 ml. volume of sample. Since the primary 
intent of the bag when ?lled with whole blood is to pro 
vide pure plasma quickly and conveniently for test pro 
cedures to follow, there is no appreciable concern over 
remixing of plasma and red cells in the peripheral well 
after centrifuging. 
When the pressures exerted by the separated blood as 

induced by centrifugal force, increase ‘on the walls of the 
bag 26, they will be transmitted to the plunger head 74. 
A point will be reached due to the calibration of the 
spring 34, whereupon the piston 30 will move down 
wardly. Eventually, at a given point of depression of the 
plunger, the head 116 of each latching assembly 32 will 
no longer be latched by the lip 72 thereby permitting the 
head to be thrust radially outwardly against the bias of 
spring 124 as shown in FIG. 5. The side walls of the 
plunger 30 will now be cleared by the latching assemblies 
32. With the head 116 fully retracted, the piston 30 is 
free to move upwardly under the bias of spring 34 except 
for the hydraulic pressure load counterbalancing the effect 
of this spring. 

After a given period of rotation, the motor 22 is de 
energized resulting in a deceleration and reduction of the 
rotational speed of the head 20. The centrifugal forces 
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‘are correspondingly reduced, and consequently, the hy 
draulic load on the plunger 30 previously maintaining it 
in a depressed position. With this reduction in pressure, 
the piston 30 is forced upwardly by the spring 34, with 
the lip 72 bypassing the still extended head 116 of the 
latch assembly 32. The plunger head portion ‘74 will 
accordingly raise the bag’s lower disk 164 and cause the 
rounded corner 182 into ?rm engagement with the Wall 
17d of the upper disk 162. Under such circumstances, 
an annular sealed zone is created separating the main 
central chamber 192 from the peripheral well 194. The 
heavier constituents, namely the red cells, will be isolated 
from the lighter plasma occupying the main chamber 192. 
This sealed relationship will continue after the head rota 
tion has stopped. It has been found, that the complete 
centrifugation cycle takes between 15 to 20 seconds for 
satisfactory results to be realized. In order to assure the 
collection of pure plasma, a relatively small percentage 
of the plasma will be trapped in the well 194. The 
pure plasma may now be applied, particularly for test 
purposes, by merely removing the desired quantities from 
the main chamber by the employment of conventional 
aspirating devices inserted through coaxial openings 108 
and 174. Such devices may include syringes, pipettes 
and the like. 
When it is desired to reload the centrifuge in order to 

perform another separation, the cap 40 need only be re 
moved and a fresh bag 26 mounted in place on the plunger 
30. Prior to the placementt of this bag 26 the plunger 
30 is depressed to its cocked position. In this connection, 
the head 116 of the latch assemblies 32 will be forced 
radially inwardly under the in?uence of their associated 
springs 124 to latch with the corresponding plunger lips 
'72. The cap 40 is then returned to its bag clamping 
position on the body 28. A new sample of liquid mate 
rial to be separated by centrifugation may subsequently 
be deposited in the bag 26 and the above centrifuge cycle 
repeated. 

Thus, it should be readily apparent to those skilled in 
the art, that a relatively light-weight, miniature centri 
fuge is contributed to the art by the present invention, 
facilitating rapid separation of samples of liquid ma 
terials and collection of their constituents within a mini 
mum amount of time. The size and structural character 
istic of the centrifuge permit portability and enables the 
centrifugation operation to be performed at any desired 
location. In the case of blood separation, in order to 
secure pure plasma quickly, the centrifuge may be con 
veniently utilized at a patient’s bedside. The centrifuge 
is of such a nature that it can be carried in an ordinary 
physician’s bag to such locations. Needless to say the 
percentage of plasma recoverable for unit sample of 
whole blood is signi?cant and comparatively high. Ob 
viously, the disadvantages inherent in prior art batch sep 
aration techniques have thusly been most effectively ob 
viated by the teachings of the present invention. 
As will be apreciated, whole blood includes white blood 

cells and platelets in addition to plasma and red blood 
cells. The white and red blood cells together with the 
platelets are heavier than plasma and are formed ele 
ments which are carried by the plasma. With this in 
mind, the instant disclosure has merely mentioned plasma 
and the red cells for simplicity. It should be realized, 
however, that in obtaining pure plasma by centrifugation 
all of the heavier particles are separated. Therefore, the 
designation of red blood cells as used herein is intended 
to include the white blood cells and platelets as well. 

Thus, among others, the several aforenoted objects and 
advantages among others are most effectively attained. 
Although only a single preferred embodiment of the in 
vention has been disclosed and described in detail herein, 
it should be understood, that the present invention is in no 
sense limited thereby, and its scope is to be determined by 
that of the appended claims. 
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I claim': 
1. A centrifuge for separating constituents of a liquid 

material comprising: a motor having an output shaft; 
and a centrifugal head coupled for rotation to said shaft, 
and providing a recess, a separate removable liner in said 
recess having a cavity for the housing of the liquid ma 
terial to be centrifuged, a displaceable plunger de?ning 
part of said recess, and plunger locating means for co 
operating in determining plunger positioning in said re 
cess prior to and during separation of the liquid constit 
uents during rotation of said head, and self-contained 
plunger release means for automatically releasing the 
plunger during rotation of the head upon experiencing 
a particular centrifugal force developed as a result of such 
rotation whereupon said plunger is free to shift and co 
operate in sealing one part of said cavity from another. 

2. A centrifuge for separating constituents of a liquid 
material comprising: a motor having an output shaft; and 
a centrifugal head coupled for rotation to said shaft, and 
providing a recess, a separate removable liner in said re 
cess having a cavity for the housing of the liquid material 
to be centrifuged, a displace-able plunger de?ning part of 
said recess, and plunger locating means for cooperating 
in determining plunger position in said recess prior to and 
during separation of the liquid constituents during rota 
tion of said head, and self-contained plunger release 
means for automatically releasing the plunger during ro 
tation of the head upon experiencing a particular centrif 
ugal force developed as a result of such rotation where 
upon said plunger is free to shift and cooperate in sealing 
one part of said cavity from another, means for maintain 
ing said plunger in its sealed position. 

3. A centrifuge for separating constituents of a liquid 
material comprising: a motor having an output shaft; and 
a centrifugal head coupled for rotation to said shaft and 
providing a cavity for the housing of the liquid material 
to be centrifuged, a displaceable plunger de?ning part of 
said cavity, self-contained means for holding said plunger 
and automatically releasing it upon experiencing a particu 
lar centrifugal force whereupon said plunger is free to 
shift and cooperate in sealing one part of said cavity from 
another, and self-contained means responsive to a pre 
determined diminution of centrifugal force to so shift said 
plunger. 

4. A centrifuge for separating constituents of a liquid 
material comprising: a motor having an output shaft; and 
a centrifugal head coupled for rotation to said shaft and 
providing a cavity for the housing of the liquid material 
to be centrifuged, a displaceable plunger de?ning part of 
said cavity, self-contained means for holding said plunger 
and automatically releasing it upon experiencing a par 
ticular centrifugal force whereupon said plunger is free to 
shift and cooperate in sealing one part of said cavity from 
another, self-contained responsive to a predetermined dim 
inution of centrifugal force to so shift said plunger, and 
means for maintaining said plunger in its sealing position. 

5. A centrifuge for separating constituents of a liquid 
material comprising: a motor having an output shaft; 
a coupling on said output shaft; and a centrifugal head 
coupled for rotation to said shaft by said coupling, said 
head comprising a body supported by said coupling, a 
removable cap on said body, a plunger spaced from said 
cap displaceably mounted by said body and disposed in 
a latched position, latching means for releasably holding 
said plunger in said latched position, biasing means for 
urging said plunger toward said cap, and into a sealing 
position at which the separated constituents are trapped, 
said body, plunger and cap de?ning a cavity for contain 
ing the material to be separated by centrifugation, self 
contained means operable to displace said plunger to a 
released position away from said cap against the bias of 
the biasing means upon the inducement of a predeter 
mined hydraulic pressure by the liquid material in the 
cavity during centrifugation to. cause said latching means 
to release said plunger from said latched position, and self 
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contained means responsive to a predetermined diminu 
tion of centrifugal forces for permitting said biasing 
means to shift said plunger into said sealing position to 
entrap the separated constituents of the liquid material. 

6. The invention in accordance with claim 5 wherein 
means are provided for maintaining said sealed position 
after cessation of the action of the centrifugal forces. 

7. The invention in accordance with claim 5 wherein 
said body, cap, plunger, latching means and biasing means 
are concentrically disposed with respect to the axis of ro 
tation of said shaft. 

8. The invention in accordance with claim 5 wherein 
said latching means includes at least one spring biased 
stud having a head engageable with surfaces of said 
plunger when said plunger is in the latched position and 
free from engagement therewith when said plunger is in 
the released position, and said stud and head are adapted 
to be displaced radially outwardly against the spring bias 
during centrifugation to permit said plunger to shift to 
the sealing position. 

9. The invention in accordance with claim 8 wherein 
means are provided whereupon the head of said stud is 
adapted to re-engage the surfaces of said plunger after 
cessation of the action of the centrifugal forces upon 
depression of the plunger to the latched position. 

10. The invention in accordance with claim 5 wherein 
a disposable bag conforming to the surfaces de?ning said 
cavity is disposed therein and is adapted to receive the 
liquid material to be separated. ' 

11. The invention in accordance with claim 10 wherein 
said cap and bag include coaxial openings for providing 
access for introducing the liquid material into said bag. 

12. The invention in accordance with claim 5 wherein 
the liquid material to be separated is blood and the seal 
ing position entraps red cells and separates them from 
plasma. 

13. The invention in accordance with claim 5 wherein 
said centrifuge is of reduced-size, compact, portable, and 
light weight, and adapted to separate whole blood into 
red cells and plasma within at least approximately thirty 
seconds. 

14. A centrifuge for separating constituents of a liquid 
material comprising: a motor having an output shaft; a 
coupling on said output shaft; and a centrifugal head 
coupled for rotation to said shaft by said coupling, said 
head comprising a body supported by said coupling, a 
removable cap on said body, a plunger spaced from said 
cap displaceably mounted by said body and disposed in 
a latched position, latching means for releasably holding 
said plunger in said latched position, biasing means for 
urging said plunger toward said cap, and into a sealing 
position at which the separated constituents are trapped, 
said body, plunger and cap de?ning a cavity for contain 
ing the material to be separated by centrifugation, self 
contained means operable to displace said plunger to a ‘ 
released position away from said cap against the bias of 
the biasing means upon the inducement of a predeter 
mined hydraulic pressure by the liquid material in the 
cavity during centrifugation to cause said latching means 
to release said plunger from said latched position, and 
self-contained means responsive to a predetermined 
change in centrifugal forces for permitting said biasing 
means to shift said plunger into said sealing position to 
entrap the separated constituents of the liquid material. 

15. A centrifuge head for a centrifuge adapted to sep 
arate constituents of a liquid material, said head having 
means for coupling it to a source of rotation, said head 
providing a recess, a separate removable liner in said 
recess having a cavity for housing of the liquid material 
to be centrifuged and comprising a displaceable plunger 
de?ning part of said cavity, self-contained means for hold 
ing said plunger and automatically releasing it upon ex 
periencing a particular centrifugal force whereupon said 
plunger is free to shift and cooperate in sealing one part 
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of said cavity from another, and self-contained means 
responsive to a predetermined change in centrifugal force 
to so shift said plunger. 

16. A receptacle for use as disposable liner in a cen 
trifuge rotor of the type which during rotation seals off 
one annular area thereof to segregate material of rela 
tively higher speci?c gravity from material of relatively 
lower speci?c gravity said receptacle comprising: a hollow 
circular body having an upper wall and a lower wall, at 
least said upper wall being relatively transparent, said 
upper and lower walls being formed from individual 
pieces sealed to one another at their respective peripheries, 
said upper wall being substantially rigid and being a 
surface of revolution formed by substantially straight 
elements, said upper wall including a central opening 
through which ?uid material is adapted to be introduced, 
both of said walls being made of sheet material spaced 
from each other and de?ning a generally conical central 
main chamber and a peripheral concentrically disposed 
annular well communicating therewith, said bottom wall 
being relatively ?exible, and said bottom wall at the 
juncture between said chamber and said well adapted to 
be ?exed towards said upper wall to create a sealed an 
nulus therebetween to trap constituents of the liquid 
material of lower speci?c gravity in said chamber and 
separate them from the constituents of higher speci?c 
gravity in said well upon centrifugation, said receptacle 
being so constructed and arranged to contain a prede 
termined amount of whole blood to be separated by cen 
trifugation, and said well being so constructed and ar 
ranged to have a predetermined volume and capacity 
to accommodate substantially all of the red cells of the 
blood samples centrifuged with a substantially major 
portion of the remaining relatively pure plasma being 
disposed in said chamber. 

17. A centrifugal head for a centrifuge adapted to 
separate constituents of a liquid material, said head 
comprising a body, a removable cap on said body, a 
plunger spaced from said cap displaceably mounted by 
said body and disposed in a latched position, latching 
means for releasably holding said plunger in said latched 
position, biasing means for urging said plunger toward 
said cap, and into a sealing position at which the separated 
constituents are trapped, said body, plunger and cap 
de?ning a cavity for containing the material to be sep 
arated by centrifugation, self-contained means operable 
to displace said plunger to a released position away from 
said cap against the bias of the biasing means upon the 
inducement of a predetermined hydraulic pressure by 
the liquid material in the cavity during centrifugation to 
cause said latching means to release said plunger from 
said latched position, and self-contained means responsive 
to a predetermined diminution of centrifugal forces for 
permitting said biasing means to shift said plunger into 
said sealing position to entrap the separated constituents 
of the liquid material. 
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