
United States 
USO0RE41760E 

(19) 

(12) Reissued Patent (10) Patent Number: US RE41,760 E 
Thompson et a]. (45) Date of Reissued Patent: Sep. 28, 2010 

(54) BI-DIRECTIONAL MAGNETIC SAMPLE 3,952,857 A * 4/1976 Nazuka .................... .. 198/637 

RACK CONVEYING SYSTEM 4,544,060 A 10/1985 Enomoto 
4,589,541 A * 5/1986 Lisec .................... .. 198/468.4 

(75) Inventors: David R. Thompson, Kennett Square, i i liewln _ -- , , eW1n ............ .. TESS? ailfmkg? YIJa3;INeWf1BEDE 5,366,697 A * 11/1994 Tomasso e161. ....... .. 422/64 

f 1 {am ‘,“n 66’ eWar ’ 5,720,377 A * 2/1998 Lapeusetal. 198/346.1 
(Us),DamelE-Glll‘miNewarkDE 5,735,387 A * 4/1998 P01311160 e161. 198/690.1 
(Us) 5,816,385 A * 10/1998 Ootsuki et a1. 198/690.1 

_ 5,871,084 A * 2/1999 Kasik ............. .. 198/8036 

(73) Ass1gnee: Siemens Healthcare Diagnostics Inc., 5,396,873 A * 4/1999 Furlani er a1, __ _______ __ 134/32 

Deer?eld, IL (US) 5,906,262 A * 5/1999 Miki ................... .. 198/341.02 
6,206,176 B1 * 3/2001 Blonigan et a1. .......... .. 198/619 

(21) Appl. No.: 11/039,777 * Cited by examiner 

(22) Filed: Jan. 19, 2005 
Primary Examinerilames R. BidWell 

Related US. Patent Documents (74) Attorney, Agent, or FirmiLeland K. Jordan 
Reissue of: 
(64) Patent No.2 6,571,934 (57) ABSTRACT 

I ‘ ’ ma etic sam erac a te to su ort i ui containers 

APPIZ NO" 09/992’917 is urged along a surface by means of a magnetic conveyor 
Flled' NOV‘ 14’ 2001 system located beneath the surface. The magnetic conveyor 

(51) Int_ CL system comprises a plurality of magnetic housings driven by 
365G 35/00 (200601) a belt‘, the 'magnetic housings including a magnet slideably 

contained in a closed upper cavity. Magnetic forces emanat 

(52) US. Cl. ..................................................... .. 198/619 ing from the magnet Overcome frictional resistive forces 
(58) Field of Classi?cation Search 198/619 between the sample racks and the operating surface and 

See application ?le for Complete Search history‘ move the sample racks along input and output lanes de?ned 
in the operating surface. Abrupt movements of the sample 

- rac s are e iminate ecause t e ousin ma net si es (56) References Cited k 1' i d b h h i g g lid 

U.S. PATENT DOCUMENTS 

2,144,835 A * 1/1939 Dickinson .................. .. 108/21 

2,824,638 A 2/1958 De Burgh 
3,834,542 A * 9/1974 Linstruth .................. .. 210/222 

KM 
6% 102 

smoothly towards the sample rack, secures the sample rack, 
and pulls the rack along the operating surface as the hous 
ings are moved at a steady rate by the belt. 

11 Claims, 18 Drawing Sheets 

42 

47 

/ 
Q \ 

104 5D 

86L 6) <——— 



US. Patent Sep. 28, 2010 Sheet 1 0f 18 US RE41,760 E 

nm1 

[91010101 ' 

ow I; (an 





US. Patent Sep. 28, 2010 Sheet 3 0f 18 US RE41,760 E 

f: 

I 

00 

I 
(I 

E 
I 

\41 

W 
RAJ \ 

I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 

I 
I 
I 
l 
I 
I 
I 
l 
I 
I 
l 
I 
I 
l 
l 
l 
I 
I 
I 
I 
I 
I 

I 
l 
I 
I 

76 





US. Patent Sep. 28, 2010 Sheet 5 0f 18 US RE41,760 E 

9OLT 

FIG. 4 





US. Patent Sep. 28, 2010 Sheet 7 0f 18 US RE41,760 E 

/00 
// 

FIG 7 

'/112 86 



US. Patent Sep. 28, 2010 Sheet 8 0f 18 US RE41,760 E 

w .UE mw/ M 

New 1/ wow cow 



US. Patent Sep. 28, 2010 Sheet 9 0f 18 US RE41,760 E 

FIG. 9 
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FIG. 9A 
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FIG. 13 
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BI-DIRECTIONAL MAGNETIC SAMPLE 
RACK CONVEYING SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus 
for automatically processing a patient’s biological ?uids 
such as urine, blood serum, plasma, cerebrospinal ?uid and 
the like. In particular, the present invention provides a mag 
netic drive system for moving liquid samples in containers 
held in a rack into and out of a clinical analyzer. 

BACKGROUND OF THE INVENTION 

Various types of tests related to patient diagnosis and 
therapy can be performed by analysis assays of a sample of a 
patient’s infections, bodily ?uids or abscesses for an analyte 
of interest. Such patient samples are typically liquids placed 
in sample vials, are extracted from the vials, combined with 
various reagents in special reaction vessels or tubes, 
incubated, and analyzed to aid in treatment of the patient. In 
a typical clinical chemical analysis, one or two assay 
reagents are added at separate times to a liquid sample hav 
ing a known concentration, the sample-reagent combination 
is mixed and incubated. Interrogating measurements, turbi 
dimetric or ?uorometric or absorption readings or the like, 
are made to ascertain end-point or rate values from which an 
amount of analyte may be determined, using well-known 
calibration techniques. 

Although various known clinical analyzers for chemical, 
immunochemical and biological testing of samples are 
available, analytical clinical technology is challenged by 
increasing needs for improved levels of analysis. Automated 
clinical analyzers improve operating e?iciency by providing 
results more rapidly while minimizing operator or technician 
error. However, due to increasing demands on clinical labo 
ratories regarding assay throughput, new assays for addi 
tional analytes, accuracy of analytical results, and low 
reagent consumption, there continues to be a need for 
improvements in the overall performance of automated clini 
cal analyzers. In particular, the e?iciency of patient sample 
handling continually needs to be increased, regardless of the 
assay to be performed. 
An important contributor to maintaining a high e?iciency 

in throughput of patient samples is the ability to quickly and 
securely introduce a plurality of samples to the sample test 
ing portion of an analyzer. Patient samples are typically held 
in a container such as a sample cup, a primary tube, or any 
other suitable container and may be open at its top or closed 
with a stopper or lid or the like at its top. To increase han 
dling ef?ciency, the containers may then be placed into a 
sample rack adapted to support multiple sample containers 
generally in an upright orientation. 

The sample rack is usually placed in an input portion of 
the analyzer and then moved to a location where a portion of 
the liquid patient sample is extracted, usually by aspiration 
using a hollow, needle like probe from the sample container 
for testing in the analyzer. Afterwards, the sample rack may 
be moved to temporary storage area or to an output portion 
of the analyzer where the user can conveniently remove the 
sample rack from the analyzer. It is known in the art to 
employ magnetic conveyor mechanisms transporting a 
source of a magnetic ?eld to move sample racks having a 
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2 
ferromagnetic element and containing open or closed sample 
containers along input and output lanes. Hereinafter the term 
ferromagnetic is intended to mean a substance having a suf 
?ciently high magnetic permeability to be positionally 
affected by a changing magnetic ?eld. Likewise, the term 
magnetic is intended to mean a substance that is indepen 
dently capable of generating a magnetic ?eld. 
When handling sample racks supporting open sample 

containers, magnetic conveyor mechanisms must be 
designed to gradually increase the strength of the magnetic 
?eld as the magnetic conveyor mechanism approaches a 
sample rack, thereby providing smooth and continuous han 
dling of a sample rack containing open sample tubes so that 
the possibility of spillage is minimized. Such systems 
require precautions to prevent abrupt movements of a 
sample rack so that the possibility of spillage of liquid 
sample from an open container is minimized and/or so that 
the possibility of damage, for example from re-suspension of 
red blood cells, to liquid sample in a closed container is 
minimized. US. Pat. No. 5,720,377 addresses this need by 
providing a magnetic plate positioned at the bottom surface 
of a sample rack and a number of belt driven magnet assem 
blies moving below the surface of a tray. The magnetic ?eld 
generated by the magnet assemblies attract the plates dis 
posed in the bottom surface of the sample rack and engages 
the plate with suf?cient force such that the sample rack 
moves along the tray in concert with the magnet assembly as 
the belts move. A portion of the plate is disposed at an angle 
with respect to the surface of the magnet assembly such that 
the magnetic force provided by the magnet assembly gradu 
ally builds as the belt moves, thereby to lower the backward 
acceleration of the rack as the magnet assembly ?rst 
approaches the sample rack. This system, however, is not 
operable in two opposing directions along a single lane in 
the tray because the angular portion is unidirectional. Such a 
system has disadvantages whenever an analyzer is desired to 
be capable of moving sample racks in two directions along a 
single lane, for instance when an analyzer requires only a 
single sample rack input/output lane to achieve needed 
capacity. Such disadvantages also must be overcome when 
modular analyzers are linked together to increase capacity 
and it is necessary to convert separate input and output lanes 
into a pair of input or output lanes. 

It is therefore desirable to provide a magnetic sample 
transport system and sample container rack which is capable 
of smoothly transitioning a sample rack containing open or 
closed sample containers along an operating surface from a 
moving state to a stationary position. It is further desirable 
that such a magnetic sample transport system be capable of 
bi-directional movement of sample racks along either an 
input or output lane without the necessity, for additional 
mechanisms which increase cost and design complexity and 
reduce reliability. It is even further desirable that such a 
magnetic sample transport system have a solid operating sur 
face so that in the event of sample liquid spillage or con 
tainer breakage, liquids contained in the sample containers is 
prevented from ?owing into and harming internal portions of 
the analyzer and so that the operating surface may be easily 
cleaned. It is ?nally desirable that the magnetic sample 
transport system have no operating mechanisms above the 
operating surface, other than the moving sample rack, in 
order to eliminate moving danger points to an operator. 
US. Pat. No. 6,206,176 discloses a magnetic drive system 

for moving a substrate transfer shuttle along a linear path 
between chambers in a semiconductor fabrication apparatus. 
A rack with rack magnets is secured to the shuttle, and a 
rotatable pinion with pinion magnets is positioned adjacent 
















