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METHOD FOR ACCURATE DETERM NATI ON OF SAMPLE

TEMPERATURE | N A NVR CHECK WEI GHI NG SYSTEM FI ELD OF
wORESIMAENTI ON The present invention rel ates tacthsedo4/020883

wei ghing material in a container, while the container

IS novi n%) in a production |ine, usi n}ig nucl ear nagnetic
MBEBRIN EOR ARRLRATH MERERMING ORI 5 ARk FEMIHRRATURE

present invengy YRR é@ﬁ?@ ccurate

determ nati onhg%nwhﬁiﬁenpelﬁmre 0 ?gfgq%\?eri al in

the container at the tinme of a NVMR check wei ghing

nmeasur enent. BACK D techni ques in

nmeasur enent, det e%ﬁ Qﬁtﬁ‘mﬁ{j’lﬁ% becone

desirable in many scientific fields of endeavor. The

non-invasi ve, nondestructive nature of NWVR has . _
f aci Tht atesehtapyrntiontélates tachosk eighing matesial ime penitinen while
anal ysi s and control task in_a variety, of .
MhgoHRaE SOV ML PGABEHoT Bec Yiihg BCed mpengi gegonance
(Nf?ﬁﬂ%%@&ﬁﬁqde@.d AFére i paktitnel, € presdit dhR@iicR kelsesp) &3nahet for

00

products. As one exanple check_vve.igg’ng i.s used .
adwyrath detehminatiereof the dpmperadnes of thefrazterial in dls coigeingrcpt the time

egulating the .amunt of drug in a sealed glass vial
oéﬁﬁmcbﬁ%wﬁgmng%ea%ﬁ%m\%m ght can be as small as a
fraction of a gram and is required to be weighed with

an accuracy of a few percent or _better, in a vial
wei ghi ng tens of granmsBACKGRNENBf several wei ghi ngs

per and. ' . i i D).
99/ 6?@%6“%% %ﬂ:g’?@% P%%@%érlgﬁg%néﬁg é’r gﬁt%gﬂgls&?q H}q%lln% has
b¥donid aesigble behewy stemdfic bdds of kadéaveri ditiengosysagine, non-

for sanples on_a production line using NVR techni ques. .
deviustisy aptrs PhaINRdins Lartibrst an #C?Té%g?t mﬁ’&sfélagffﬁfrﬂ@en’faUOHa
e 0t e z :
Pl PhEUTHRT ek AR AR, lahagia
codmh@ics ogafunes, ihdnsrialaridmacdRy; boaddgicdloampjesland fgodaproducts. As
alternating magnetic, fi

eld over the interrogatian zone .
ope cxanRle, @ieek tRighing isrused, gy maéma%ﬁ‘&waj? mﬁftay ?‘Hénom%fmg
peatet f b 18! dealkld PMYs I alt RBinMRIAE!  The d
oy L 30 B oS 1S kD SRS e i
veighe caabé ag smaljaet ifiaclioredila gtang asdipreguized tesbawsighedwith an
i nduced ir%the RF coil, called the. .. )
accuracy of a few percent or better, in a vial weighing tens of grams at a rate of

several weighings per second.

International Patent Application No. WO 99/67606, incorporated herein by
reference as if fully written out below, describes a check weighing system for samples
on a production line using NMR techniques. This system includes a magnet for
creating a static magnetic field over an interrogation zone to produce a net
magnetisation within a sample located within the interrogation zone, and a RF coil for
applying an alternating magnetic field over the interrogation zone to cause excitation

of the sample according to the principles of NMR.

As is well known in the NMR art, after pulse excitation of the sample by the
alternating magnetic field, the sample emits a signal induced in the RF coil, called the

free induction decay (“FID”), from which much information, like sample mass (or
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free induction decay ("FID'), fromwhich nuch
information, |ike sanple mass (orwei ght) can be

wo e@sneds2 The tenperature of the sanpl e exert sSPEI/ysrmai/020883
i nfluence on nol ecul ar activity of the sanple, and, in

turn its FID. For exanple, a change in tenperature, of
weight) sanpiedeanedr $he Hempereire ot ths Bainla exeHs 3 grpat Jiflgnee on

oG IR oF SR L, P Ty s

tehPerinite Cofetle sEgetaliers’ 880RRN0E moltarlac iotibnaado altering the
em ssion of the FID. Mreover, if the s

| ) )
cffactive @ﬁﬁebﬁhp@%ﬁ}ﬁcé@oler@ﬁ%l 1Begactiofn e‘tqwzgrtr‘rﬁ?%ﬁ relaxation, that is
cet rggltg gtnécne%% Lﬂeﬁ@eﬁé Itegcﬁlaﬁ@érﬂht%%a%tigﬁgd?ﬁt bmidsRROBANEE FID.

ur ement, enperature influence on the
MuBgsvet, ii2 tei sampiy eciaton pedutesgneanplyteantgnetizaiontis the sample
effect of tenperatyre variations in the sanR% e
atCHis se of 1 the sampla\e TeagHsHe TRsRUenes NggryRment the temperature
ingl%?ﬁc%i NAM bR hgfRhizRnt %r&%ss" SRR Brewdy OfthancdsS tHed efRct of
eterm ned w t i accuracy and preciSion, the )
tehgrpRiet wiatiofs ihthesample Gbnsdqeentlyyef dfe samplerapseor gveight

resonance_ne renent nust. be accurately .ne ed or
(hgERAIF FERTIoA (31125 o SHMRIE AL Rk Pt st AEIRRERY mty Aoctfecy and
p{%ﬁf‘é%‘tﬁ% ﬁg@ g?‘lﬁpéﬁtufré ¢ thbesalPIP AL ahditBnd of tike nB@ARice ré&bnance

ts nagnetic résonance neasurenent.
midasveeraent rast ho temiradyvesasurné opdétaaniped-s of nmagneti c
resonance nmeasurenent require that at the nonent of
measurenent the sanple be positioned in both the

| Nt enyr oAt hRRsEeEntaRsh1d Benhiost ABlahiagedi®6 €indahé tepdpdrature
region of the RF coil. This geonetry, and the

oftenatiph atrtbetimeof itranpsaeticresorange RisaBEeREN yoWaRB S noted
it very inpracticable to place .

ol B REIREBSO B TR EE e Srefont By AU Sl B dh6ment

o BYeaBGeARAM IR §lnploaRSpesttbrall ihMsoth ithe imbrroggioat zane and the

resonance nmeasurenent of the sani‘i)l e. . This Ieaveé fyge .
abirnatinganiageetiss fiehd asgion mf thafdi 60i.enddy EUREYataNE ¢ essential

j nt th ' i . i .
oG8 B Rl Y SR BERASE, 1,96, S 9 188 o o
mddé QEMPBLiafRe sendok Ndbvidas soetpui tled tehapepdteret efntier atmple mby be

the time of its nmagnetic resonance measuremnment.
apueatelyuneasured atiibe ime of megnelicrerAreRss MEBURREIHRELG sEgple
at the sample filling station, and the sanple
tenperature assunmed to be constant between the tines

of t ampelcatdsitBe ARGBATRGENhedsuity sampladgmgdratore &somamoet on
measur enent . Because sanpl e tepperature does va

R PGE TR sictipEing FiF PaIOre AT WWRIERRERION g rnd using that
el EL NAL 1E0RS 1WeGuir& Sarftfie WeRpBrature at the time of its magnetic
resonance measurement, Previously in the art sample temperature was measured at
the sample filling station, and the sample temperature assumed to be constant between
the times of temperature measurement time and magnetic resonance measurement.
Because sample temperature does vary during this time interval, such NMR sample

weight determinations were less accurate.

Tt is desirable to provide a method for more accurately determining the
temperature of samples on a production line in a NMR check weighing system at the

time the magnetic resonance measurement of the sample is made.
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It is desirable to provide a nethod for nore
accurately determning the tenperature of sanples on a

w@emdactsson line in a NVR check wei ghi ng syst erCHUS1004020883

time the magnetic resonance neasurenent of the sanple

i s made. SUMWARY There is provided a nethod for

determ ning the tenperature in a magnetic resonance

check wei ghi ng system of a {{n a container on a
production line at the ti neﬁmn@%%eti C resonance
testing, conprising the steps of: determning a
time-t{enperature correction factor for the sanple in .
the dBficaisHPVidad 2siethag fondeteapiniieathGr temperafie in a magnetic

[ I [ Y

RS L AR e Srch B £ R e Spidyer o Bfifion line at

thepphy ofmagieticaesonandei tesinf patngprising thbetepeofer at ur e of

t he %gng_gslte sanpl e and cont ai ner at{aat'rre ot her .

t han SFRENI MR 20 fMEHGRBPIARIT SBIPSHeR faeicr iinp. theriapple in the

colEsiERl, PTI ON OF THE DRAWNGS Fig. 1 is a perspective

view of a portion of a production line with an

ex enpleasyingiiRe tmeekatueeiof henepnsptoaité sampble and Heclontagner g time
acp cont ai ne assi ng through. t he wei ghi ng station

offtE e i BF PE AR RRG ISRt iRling ndts o 2 s h top

leve b}g}%kfﬁ?’ t6686rrectilon TSP TRE B¥pelRER YT thdlcAHhFEME 3RRBle and
with e teachings of the present invention for

ceigeinerata tivee ethei ihertimé of megnetinpesoaangedestingt he

product in the container at the tinme of aNVR check

wei ghi ng neasurenent. Fig. 3 is an internedi ate | evel
flow chart of the steps for determning a

ti metenperature correction factor for a sanple in a

cont ai ner. FIBRIER DESGRIPTAOX O ditdt BRAWBYGS| ow chart

of the steps for applying the correction factor to the
tenperature of a sanple and contai ner measured ot her
thanFal 1 he d ipeBpedtivanvibVRof hepkrtiori @hb production line with an
measur ement . DETAI LED DESCRI PTI ON A net hod in _ )

expreplayaNMR heek pveighinge stetien ifory elcking thet pardi eantaiger passing

4RG0EH A idblnd N PUATR O el Bl Pl Vot o 20”

that checks the weight of the content of a container
whi | e, caonti nuousl y rmvi%g in a production line (also

knowigad 12 9% yelclow Fharf pican exempfary aprghaskdargeerdgnce with the

teachings of the present invention for accurate determination of the temperature of the

product in the container at the time of a NMR check weighing measurement.

Fig. 3 is an intermediate level flow chart of the steps for determining a time-

temperature correction factor for a sample in a container.

Fig. 4 is an intermediate level flow chart of the steps for applying the
correction factor to the temperature of a sample and container measured other than at

the time of an NMR check weight measurement.
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application requiring such check weighing is the

packagi ng of pharmaceuticals. In order to understand
whews/ 111563 nethod, it is hel pful to first reviBOI/US2004/020883

certain of the structure of an exenplary NVMR check

wei ghi ng system and its associ ated production |ine.

Exenpl ary NMR Check Wi ghing System for Pharnaceutica

Packaging Fig. 1 s ' production |ine,

which fills glass @ﬁg?gﬁggPQFFERg@g¥%% sanpl e. The

exenpl ary check wei ghing station 24 is provided

"in-line" for noncontact weighing, of each of, t

h
fi |1 édmethad dn peeardangs svith@eqreses 'gw,entgﬁmlsa}nqliéftgg generally by
thgtél I g?eﬁ l%qntFltij@%. gﬁ@?ﬁ&ﬁo& NOREd i #hS -fc&ﬁg&tf Rem 'cﬂéacktxbaghing

have clent anmount of t drug to neet
systentl 20tthaipetecks det weight oVilel conkt afen tamsaisgrowhidel comtinuously

heck wei ghing station 24 froma filling (.
QPR STFGLEAn TG (i8¢ ko w55 Pk ffi BRE). Snagremplary
a X@&Pfeqﬁgﬁgg&cﬁ aey hifehd th%apé@ﬁé%ﬂg o®Sharmaceuticals. In

epresente the arrow 30, noves In the z direction
otder deigindedstand ctesb thiofmetbodt it rig hetpfuleyoo firsthiswlesy 8@tain of the

S S S b 0155 i

ih&nperature sensors 29 as further explained below. A
plurality of vials 22 nmay be filled sinultaneously at
filling station 25. Tenperature sensors 29 nay include

and ¢ nvBRAE S Chk WRRRGR R £ dfi) Pikacine

| ocations within the volune of the sanple. Check
meighjng station 24 uses NMR techniques to determne
t he Higsd bbwsepattion of amsoduciipr hing, which fdls glass wiala23 with a

22. As.thgse ordinarily skiil. [N e My bd o pe
spabient B bl ehyel T el 28T, fabiahl gy for non
cOREA R HINE YT Heh P theOfiN& vials it phsd thadettid @, ahdb egjé@rseation

W th the neasurenent process. In this enbodinent,
2¢ Hat kepgsic Hhasg vialsfrpmtheling het dejaet have the witigientamount of the

o . . ‘<nch o
ST B ph B s TS B, 0 v
staied O Ifraiy it fling Gahdvpiichatly pealied sartiod®5 (¥hgwetinJig. 2) by a

creates a honobgeneous direct current (DC) or static )
coRYGHE haying @ renvienon brdt 28 WhicBcts ISRresseL BY @tﬁﬁf@%%b’b@ms in
e e R B R B P VB0 ext ends

the length of conveyor belt 28 through which the

static . magnetic field is uniformy_ applied by .

per nEHERE StHHghes may. ingiyde §3ﬂ§%n¢%ﬂ%§§m Sheg Hris fcarry the
seﬂh’ﬁlle GhtoMHat Doeagd temperature sensors 29 as further explained below. A
plurality of vials 22 may be filled simultaneously at filling station 25. Temperature
sensors 29 may include sensors to measure the temperature of vial 22 glass, and the

temperature of the sample at a plurality of locations within the volume of the sample.

Check weighing station 24 uses NMR techniques to determine the mass of the
drug sample within each of the vials 22. As those ordinarily skilled in the art will
appreciate, glass vials are useful as the container, because they do not give a signal
that might interfere with the measurement process. In this embodiment, check

weighing station 24 includes a source of a static magnetic field such as an
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possess a magnetic nonent, e.g. |IH nuclei (protons),
as a result of the spin of the nuclei. Because the

W@ 200p/1€15p7 ot ons posses a nmagneti c nonent, the BERPE®04/620883
capabl e of acquiring a net nagnetisati on when under
]t§he i nfluence of certain magnetic fjields. \Wen the
siipmaenet afj & REMManghle megael 3bnRE afebad), eAd appmpetgr control

%&%'3@ e sah‘fﬁcgésg{ 43 CNRALRE 38 c%&egr%ig@‘tﬁ{a% Bﬁsoa?lrect gyrrent

vi al “position devi
(Ip€oedatimgmagnetit fiehibinghax tdlreétmmetoecrss @gm\tayonbdozfelrﬁé)reglon that

(such t.he oplcal osltlons 44 having a_li
T8 o %ﬂe&e@e%st rogign 2pge ﬁw%ak%wepﬁg sxafs the
1&3@3{ | 1; oeora»ay&peeataxz@rthftﬁigh WiicRMRE %ﬁaklegm%l%% i q@ ulfformly

¢ n 24. 1 n nost NVRTsyst ens, stati c nmagnet
applalddoysparmgetm magnsudh Thasample ih aial?? dontminsemclei (Whlch each

PEREES BIPRGFR MEmeBb i AT GG s SR devfiaeh thg spin of the
n@élEil %Hca&s‘éq’he Eﬁﬂ;%l@‘pir&oﬁé [sbksteOmhdifetie MPh&t dhe Eﬁﬁple is cagable

sanpl e's Lar requency and orfentated ort hogonal
of hesjuéning 4 oetrmagnetisationi vahes, undiet thegafieence lo€ certaip lrrtﬁgsetn.eflelds

“?a%?‘s etisat i on t Ih g&l %Frrog?‘, bq%g%o%f }fq Ag gpglﬁ%cétg‘il‘g:“%gn‘?tw field

cleBies aeﬁ'@ Qﬂa\gﬁ@ﬁiaﬁoh Riighi e drhsle f | £ vkl ipdsiieR Qfe?écﬁgn Ri¢vice 42
appl ying a corres ond| ng AC current to the RF probe

P@Sedm&psf ah@letsmt oggtion ﬁ@?ﬁg‘iﬁ tarh eethedontisak pasitim sensor

4%3\?}16 all ?@e&%"&% c{eE Cts nﬂén 1 éa’éﬁ% 8{5@#?1y318§ltp031t10n on

c@elybieddlins ﬁre@ddﬂagtdm&k waigh&sg s@atfb(ﬁ Xptation is used to
excite the sanple. After the 90 pul se has been applied

to the sanple, the sanple is left in a high-energy,

hon- Frglﬂjldsi %Mkl%ﬁ%e%%s th{ 'SR 5 fib Lt sltre{lft a]? D3 hat the

to | ori gl na equl ri Um axes,

Lensatfrapmgsyaifithe emeil@ls iatthd faﬁlol_ﬁiéqﬁem}f faggeienby elestromagnetic
emtted, the magnetic, conponent of which_ induces a

SEsalpie A@Iﬁiwgsangﬂma%%vﬁmagt (M) megreticrfinld to e el at the
s%rrl}glhgléghmm e mdoérle%%(gdeﬁhed&%gélr{§ ARt L xlkdggr?é%c tt@fd will

energy em he sa
cagt thagnaple's atet aaghbtidation Ianplace slstuliths A® metgﬁetlc field's axis,

original state and gener an out ut Si | havi ng

avy, BpH e dseion Ghie RIS afl}ff% ABthis & i, Hﬁlsmgngvc field is
t

ey sbv BEFSGRIR AL S@ﬁf S BRI ASL | Phrying the

amportgpfenbey dehivergd to theeRR lpmbimr 3otameaypehd englooé ndtstiomof the

t he sang)l e and hence the nunber of nolecules in the

NS IPAZNEUSAIRB: [ ecei ved signal is then passed to the
conmput er control system 36,

In this exemplified embodiment, an excitation field that causes a 90° rotation
is used to excite the sample. After the 90° pulse has been applied to the sample, the
sample is left in a high-energy, non-equilibrium state, from which it will relax back to
its original state of equilibrium. As it relaxes, electromagnetic energy at the Larmor
frequency is emitted, the magnetic component of which induces a sample reply signal

known as the Free Induction Delay (“FID”) in the form of current in the RF probe 35.

RF probe 35 monitors energy emitted by the sample as the net magnetisation

of the sample returns to its original state and generates an output signal having a
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whi ch conpares the anplitude of the signal received
fromthe unknown sanple, with the anplitude of a

w@e@saliseecei ved froma calibration sanpl e w t PCHUR200%020883
wei ght, to determ ne the weight of the sanple being

tested, Far .illustrati ur poses t, not. by way. of
ctpfiEate ofticn iebrgediaeal 5o B BRFER ity o R PR Sample o
chéRicetisig of Ml iBduc2d cafrest) QW ainBlifuidg, vatieWwlith, BRong other things,

descri bed. First, check weighing system?24 is .
the prmbey ¢iAagnetin slomign;the samnle Agd Berre the yebes of molecules in

thg E%&gfy il rcfscg{ygg Ef%nﬁfa{gpﬂh@n g)rgssgg td ?%8%8%198108011‘“0[1 system 36,

ction i convey bel't t1nuously
whichreempates thd ahplitde vhihs aignahypceived frght the sinkwoviae sample, with

determned. Vials 22 are filled at filling,station 25
th§ R L R P TrogVEH CORL PGl T e Wiz, to
dIEATY Bl WSSO f HR ol bHigy e6RgOr s 29 and recorded by
conmput er control system 36. As each vial 22 reaches a

position detected by optical position sensor 44,

optigal. sition _senspr, 44 r [ .

oot o AR ABeRSE; Bheaiot o SR SR gl 1p Benssal spergtion of
the QUMIRO bhet ¥ SWEIRhidB - sySieiP24 @k showh rinlFigy btvalh @6désbsbed. First,

tracks the notion of conveyor belt 28 as vial

22
chegly aweighingo syshem pds | isi britiaimilt MAuding dppialagi anREopwobe 35
orRopr O B, GBS syl "o A b omeyo bl 2

In trnme
coglgni@usil}ﬂtr@ﬂi?éfobi.‘t%j QﬁllsPMl! whoby sadiple neight iato lendeérniRiedr Vs 22
is triggered, applying an alternating magnetic
arg f@lledl A fiflfge PabiRf P 0 ANG I toRaPL P pﬁége 8 G end sample
g
B e
At acls aigh|122 teachdsal padtiars detecteddiy optipabippsition sensof 4dtheptical

DG s (descaas ptEnal ST s bosrk ab Bl 1y 22 o
ccﬁﬁé&& dontrB! QRAIh BBNatorhSuté@nBOLEEYen® 36 (th&tiradkd Ghe Aftion of

rent anplitude. Conputer control system 36 receives
caniveydRbefir 280zs @8l 2uadvancesite iz positéonf Ry tvifdin issgstogptieryzone 40,

el ogw, processor.38 determ nes the sanple tenperature
whtredhe s SR 75 aroeB P ReehrGnRtiBhie, el Laes.
Processor 38 uses this accurate sanpl e tenperature,

and conpares the current anplitude or_other output
si gnal theHnstanstie timstwhenial22) i iepepiion Riptediried gnereigsation of RF

| eastk .one siml I : e
el e
suehRarths as: Hagaicatiodngrohe sanpleGn M r22a itempdradly changed. RF

depicts a top-level flow . chart of an e{enl?l arly get ho
PIORE a3% dreRitre the energy emitted by the sample in wvial’ 22 as the net
magnetisation of the sample returns to its original state of equilibrium, and generates
an output signal having a characteristic which is proportional to the energy emitted,
such as current amplitude. Computer control system 36 receives the RF probe 35
output signal. As further explained below, processor 38 determines the sample
temperature at the time energization of RF probe 35 concludes. Processor 38 uses this
accurate sample temperature, and compares the current amplitude or other output

signal characteristic with like data obtained from at least one similar sample of known

mass, and determines the mass of the sample from the results of the comparison.
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with the teachings of the present invention for

accurate determnation of the tenperature of the
wee@dactsét n the container at the tine of a NVRPCTES4004/020883

wei ghi ng neasurenent. The first step 50 involves

determning a tine-tenperature correction factor for a

sanpl e in a cont &kmple TampergtaretCompensatinned. The

internedi ate steps of this determnation is

illustrated in Fig. 3, and includes in step 52

meas Wid. Iy dégiets taewpaéal Wosy desayf v exéhplaBomen®dti@ accordance

sanpl e and vial_ 22, determning in step 58 a heat .
vathc Heen deachings off ther prosents juention formsreraten detgrmination tof the

e l.at i i .1

pep At o2 Wod O B bORaipr 5 88 B 3P XA ik, yeighing
nfe?mrbmem dThe fitst g%ptiﬂ) ifmolveﬁ dermikbRsa tinkgempemtiep cbitection

the tenperature decay r the conposite sanpl e and i
5157105, Sﬁ@pﬁfeemmagﬂ%r&ﬁws &9 befiesigl t hee tn&w@g@wt%p%qf this
dbRAnBAMROSS ' MuSEHB GnaPQ. CRNLR] MIuddsOMR i 37DhRBuring the

tenperature, and neasuring the tenperature of the
tenopepasict decgpfyltiee eompaste sanpleand vl 22, deteragninpén geprp$ e heat

and contai ner return. to anbient. er.at ure e .
oo Hstir B Ui ot TG A0 vish S35l i rd T, pglating in
stepBCARREY bE tRMRhpeRde \Coptctidh RBtoke fdrade isPeciti®Rakflile and

and, in step 56, nmeasuring its tenperature decay as
vigh@2 hebg tsstedonposi t e sanpl e and vial are allowed to

cool. The skilled artisan wll appreciate that instead

of measuring this tenperature decay by heating the

CONPQ&dabErisiite Shetéraperafaey/gecafitbrant coapReledhmpr and vial

and letting it cool, the tenperature decay may be )
22 burrgomplishsd| iyraltering thedappsiatuse shihs|compasiiasagiplpandrentainer

| n e i .
B (R e R by E e Blepllihg el RHerddBsEb Bhmposice
saapipl sndancntuingt oXer titebas tihs tsedlplenahdidentaiee rsfuépso afmbient
pl aci ng the sanple at an anbjent tenperature |n vial
tARPAHGH - @R Frahe dimeriydsian e nchides s staps @f bﬁatgxgége gomposite
i t; leqt u L '
<Gt TR DBl A Il R B PO ey S ot Rhature
deenyr ssathle leaptedl campasite saspkhandh viah as¢ @jow@d td woslt e@héskilled

a. heat, change fact.or, ich ma e referred . to t he
Pt BPORT Fisdnod e g ety B RSl e Y e te
c&%ﬁé&eb%ﬁétﬁfﬂ REY1 dvE NanbiBhiatdnQReiR 8nd 'I’étti’ﬁ%%)cdol, the

(( *C ) + (nc * CO))where nms i s the mass of The
tegapapdtere decay andyhbe fawsl of codlmgethnt@impesite Gampletand Vielabelow

ambient temperature and letting it warm.

Determining in step 58 a heat exchange factor for the specific sample and vial
22 to be tested includes the steps of placing the sample at an ambient temperature in a
vial at a non-ambient temperature, as depicted in step 60, and measuring both the
sample temperature and the vial 22 temperature as the sample and vial 22 are allowed
to reach equilibrium, as shown in step 62. In step 64 a heat change factor, which may
be referred to by the parameter alpha, is calculated for the sample and vial 22 to be
tested having the relationship

a=(ms* Cs)/ ((ms * Cy) + (me * Cc))
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capacity of the sanple, and Cc is the heat capacity of
the container. Once the heat exchange factor is known
wo ooostihsespeci fi c sanpl e and vial 22 to be tesp@dyS1ion4/020883
may be conbined with the tine-tenperature decay found
In step 52 to provide an array of tine-tenperature
whgrertactsi B mase 1o the samplcay 15 fregness dghe spntaineryCsois the heat
I e e r ' f er,
oo, bF ERESARHE T the B0 BRAGH o/ Y BFlEL PGB heat
exthangeafasto? 2s kndwie torshengpdcifiveeunsply aad vial RRitodheteasd, dhmay be
25 using tenperature nmeasurenents froma_single via
odpBbinee P B diaf-Torpestii °8 W@m@%%é? riypredde an array of
tiﬁl?lt&ﬂ ot L RmibASAARL | WdinsR el OnShi ps wher e.
T(ncc I's the tenperature of t sanpl e at the
| ocation and tinme of nmagnetic resonance testing by the

non- ¢cont act .check wei ghi ng syste T(ir,dq, is.t

e SR d iy o aic et s ety o sy B Shepind o corret
for QBRBERENE SaBATIR of8 pREAIRY dTQSAIS 122NfiMed diRianOuslySat filling

the tenperature of the sanple froma tenperature

steléers 39 usingttbraperatire PRasirementafropoeisinghn vial 23, the plumylity of

is t { t th d A
B DS SRS SR 5P BRE A e Tncow
is&ﬁ@féﬁffp)era?@ﬁre I Htysafpld AtitBdosatidl dndittimé HEmBEREE aésoh@fk testing
transfer between the sanple and vial 22 is ns * Cs *

byjthe-noprcontack checl peiglyimg skt Hesext Mdhe emperagng R g glass of
viélr%l%d%%%‘?&?( ;@y ET%}n:ioe%gd)%gl sfaﬁ;l,eor:_%tﬁm aljré}a)po-gi(tfoﬁ’ ngt )r%n(ﬁ,%i is the

erat'ure of
teRppeTdtEre € daysamplpfromry temipkiatuse bénsbt imthasial 02 hoawsdy position x;
-(tinPS),/ LN (T(1R) . T(nccw) / T(nld,x) - T(ed) ]
ange J1(Haigithe tsprrerefure; ¢fethe spmpiegRedisdr BombRRicentact temperature

- : I t. i t
se&%%l;&%%ﬂ%eﬁ%%ﬁ%?ﬁa&;f)ro_skﬁ?fi ?a)quﬁ?,iﬂru? ger%(e?al 4}_{3% transfer
bétWeadthe xmpleand vigl2dlis x) - (1-a) *T (ir,g,x)] *

-t/t T(ti = = a*T(nd + 1- *T(ir, g, +
((a( 1-a) ?#% ndl(, IX;rE y)T(i Fnié“, ;J‘]Cll%%nct*/éoé‘iﬁja)n n<(:|: I,rx)g X

Cbmgﬁﬁﬂ:gthése(t%\fo@)ala’ﬁoﬂ_s(ﬂiﬁs’ Heryd * (l-e(-t/tau))] / [-a-
(1-a) e(-t/tau) ]Non-‘contact tenperature measurement
may be achi eved(ncwh=a ¥/ &@idex)+ OF-a) * T(ir,g.x)

and

dT = T(ndl,x) - T(ir,g,x)
The temperature of the sample decays exponentially with time as follows:
Tau = -(time) / LN[ (T(IR) - T(ncew)) / T(nld,x) - T(eq) ]

Rearranging yields the relationship from which T(ndl,x) may be calculated for each

. location in the array:

T(time=y) = a * T(ndl,x) + (1-a) * T(ir,g,x) +
[T(ndl,x) —a * T(andl,x) - (1-a) *T (ir,g,x)] * e(-t/taw)

T(time=y) = a*T(ndl,x) + (1-a)*T(ir,g,x) + (1-a)[ T(ndL,x) — T(ir,g,x)] *e(-t/tau)

T(ndlx) = [-T(IR) + (1-2) * T(ir,g,x) * (1-e(-t/taw))] / [-a — (1-a) * e(-t/tau) ]
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techni ques. For exanple an infrared-based pyroneter
may be used to neasure glass vial tenperature prior to
wo pdobiinge2 and the tenperature of the conposit ePGHIR1084/020883
and vial. These pyronmeters nay be positioned in
association with the filling needle structure to have
a di Neetcoytaghtegiperatarey Mgpsusanerd fnay beachisaed with a variety of
at oJ.S: k ' cl atyi '
bR A S AEPR R sl BBt BSTAAUBL B glass
vial ewipdeat@a priotliocillingandfthé teenpeeatyre ofithere@ngpositd eamiple and vial.
et ween subsequent vyial fills. Fig.. 4 is.an
Thse N TRV SIS 3V ekraosf A ihaspciaion fiich élaee%@ng geedle structure to
hARR JdedvieheorGRE {RELIREN. AP lrer [1BmbliS & BN i
vi _ rgfeg,t ﬁrgﬁ) tﬁg QS@Eﬁﬁye?egéla&:d in

sanpl e and contai ner neasure n at the-t
assbciafmorNivizh ¢he Gkst wad dgtst fileasecdles it theStray t8 Providd aml @slication
termning in.st 82 the ti L nteerval between the
of B e b BB B A E The sampl o and
the tinme of nmeasuring the tenperature of the sanple,
whi ch may be called the neasurenent offset tine, .
sel ekig rlgis he appmepietealavel dlome chardroff thet Bepsi forsepplying the
84, .an i ep.86. .mul t.i_pl yi t.he sel ect ed
et e o I B et bl B i iirea other than
the HROGH AnENSERNEHek &by intthsidémait! Stepf 80 inkhides dfi€mining in step
temperature of a plurality of conposite sanples and
8% thettimisites vatdyptvagendhe Bme of magnelic 1syonanes testinmef the sapple and
r o ] IO 1] te r i_ent
B R AP e CBRELALIL U7 e GREL WG (HhF Herlied he
maisiranglt wiffisgt tihe, telogipathe bppr@paste @btredtivnt factor in step 84, and,
erature of the plurality of conposite sanples and

t
ing %% Son &rutiplyingpthe) sefpstadnerstestion dasion tvithnhe dempeiatintal the
i i | d t hat
cHERSHERBHRSEE U 93 RaBPphy. exerplary and that s

nodi fications wi thout departing fromspirit and scope

of the invention. The various enbodi rrgﬁ%s may be
pr ac LR EdneFAIRTA P pi eompsite samples apd coRgineggmay also
. C e U e N
b8 RBEGREL Y the ot bE IR blcsbit! BRidH ekt " enibbfature
griadieri forotheapluckdity nddconmposite sappleaded cdrainegs Glndl Afplying the
claim 1. A nmethod for determning the tenperature in
tofprriae: rediP o 3R CEPRRERES RLlhPHEALY & S ools SapRe and

cdnbifiersont ai ner on a production line at the tine of

It will be understood that the embodiments described herein are merely
exemplary and that a person skilled in the art may make many variations and
modifications without departing from spirit and scope of the invention. The various
embodiments may be practiced in the alternative, or in combination, as appropriate.
All such modifications and variations are intended to be included within the scope of

the invention as defined in the appended claims.
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magneti c resonance testing, conprising the steps of:
determning a tine-tenperature correction factor for
WO b@saarspt e i n the container; measuring the teP@EUS1004/620883
of the conposite sanple and the container at a tine
ot her than the tinme of nmagnetic resonance testing, and
applying the correction f actldrAIMS t he t enper ature of
the conposite sanple and container at a tinme other
thanytfg,ti me of magnetic resonance testing. 2. The
met hod according to claim 1, wherein said step of
determning a ti meterrperature correcti on factor
|ncI des .t he_st urlnc he conposit
Land dofeioefor Elisinife 5 ks STTER3keRg o0t check
W%ﬁ;%ﬁigd Eyterh Qfcd %hxﬂ';pl% il @loBiathed dnda FrE&duchibn MBRSAY H30time of
t he conposite sanple and container tenperature decay
njagegtisdespnanes tsstermcwﬁplasm@ﬂweﬁ@ps RE tenperature of the

Ceompar iR B foRRtelPrhet (iDL AP o puete in e

cénpesi te sanpl e and contai ner over tinme as the sanple

and contajner return to anbient tenperature. 4. The

net hBWaaEBgthe gpester of thesomposie sample prd ﬁxee“ﬁn@mer at a time

r rrection factor

ﬁi‘g;r %&{ t%f %Igg%mqg%%é%égf&r@gé%ﬁ ng the sanple

t errpepspdymgeheacrdrdchen cfaundsratb nbs tehgprpuratoftiee eanusitt simple and

transferred en the sapple agnd the container. 5.

COrfaneRAt ﬁdﬁnea%tg%rrm@% erting piInAguetic isapaich t%?PB% of

nmeasuring the conposite sanple and contai ner

tenperature as heat is transferred between the sanple

2and fThe nmhrtchamrdihglw abién It,hzdaesetiarsa'mtf step a defgrihinéng a time-
Ie at _anhi ent er.at e in %he cont aj ner at

CHO T, OReC@ter BP0 Dere S HEotg; SogRogite sample

a&i&inﬁ%x@ert%?éﬁiu@e§@a§l step of determining a
timetenperature correction factor further includes the

step of calculating a heat exchange factor for the

sarm/lrﬁ andth&(liwe cgrﬁtll?%gr haV| n ltéf‘gglnr %gt sigéi{‘f?zi ﬁ’ﬁé%’“nslgé the
*0 /
cérﬁﬁos%t@@ﬁfn@le 1301 éo‘htzilﬁtﬁ‘ tBiﬁ§§raﬁ1fre H&%g:gﬁélh@ésntﬁé steBS of Sltéries the

heat capacity of the sanpl e, is the heat
tepapssature\of dfe eomepastiesample and container from the ambient temperature, and

measuring the temperature of the composite sample and container over time as the

sample and container return to ambient temperature.

4, The method according to claim 3, wherein said step of determining a time-
temperature correction factor further includes the step of measuring the sample
temperature and the container temperature as heat is transferred between the sample

and the container.

5. The method according to claim 4, wherein step of measuring the composite
sample and container temperature as heat is transferred between the sample and the
container includes the step of placing the sample at ambient temperature in the

container at non-ambient temperature.

10
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7. The nmethod according to claimb5, wherein said step
of determning a tinetenperature correction factor
wo eooshersel ncl udes the step of cal cul ati ng an aPCEHYSN4/020883
timecorrection factors for a plurality of conposite
sanpl e and contai ner tenperatures. 8. The nethod

6accoFfa¢ ﬁlgethqd atoarding fo wleened, rwhesein saidepeny f deigrmininga time-
a %{rjl e {: efa%{gl)r tf&%he? thirﬁl?c?ésttg §t@]5r%k' ‘5?1@919% S%ch@étné?{change

fdces tfomnipie sample ahd thenadineg htving t}&rmialtmmmp to

substantial conpletio fil of, cont ai ner

with the sanple. gn T‘Elﬁé(? Sho‘léibé%eb dﬁ“g to claimi1,
whBR! 2. Wembs Bt B ERUR) DL VRPALIET b Bon@incfRONBUHE heat
resonance testing of the sanple an e time

campaity of thg sanplet ey iatthe leeabfapatiey siihp centaimer. t h e

container is the nmeasurenment offset time, and further
including the step of determ ning the nmeasurenent

701 f Sghe hidiRod AtBrdiAd Go 18R N FwiRpdh Yaid0sté N Of defetBRENOR time-
factor includes the steps of selecting the correction

teﬂla?@rawrefcorrectm Baiop lﬁerﬂm éenctusies Hiernsep cadméatmmfttlme- '
ofieersh SR b Ryt MEnle i G ife ER b s

and container at the tine of neasurenent other than
the time of nmagnetjc resonance testing. 10. The nethod
8accorbe rigethed cacapiding to qumme rl, i wldreigti prid t Hep Sfepsasyring the
n r 0 0
te@%?qe S (g'nglg %O&?gﬁ%e%éﬁﬁ glhglra ?ﬂ %%ﬁﬁe (gthgr fﬁ?ﬁ’ %eI fime of
mARAIRreSonaRGORSITRES beﬂ'bﬂn’ﬁgl at andndipmgrmata t(ﬂ@lb&tantlal completion
tenperature gradient for the plurality of conposite
0%5“‘&%@&%“ Afifhethg sample. The met hod according to
claim 10, wherein said step of applying the correction
factor includes the step of applying the tenperature
99r adTaametimdt dveotdinppter dainr &, Whereilneth@ timreahteryal bbtween the time

nposi.te l es and c alner . )
of magnetic resonr;?lce testﬂlg 0? ile samp and the time of measuring the

temperature of the sample and the container is the measurement offset time, and
further including the step of determining the measurement offset time, and said step of
applying the correction factor includes the steps of selecting the correction factor for
the sample and container at the measurement offset time, and multiplying the selected
correction factor with the temperature of the composite sample and container at the

time of measurement other than the time of magnetic resonance testing.

10.  The method according to claim 1, further including the steps of measuring the
temperature of a plurality of composite samples and containers other than at the time
of magnetic resonance testing, and determining a temperature gradient for the

plurality of composite samples and containers.
11.  The method according to claim 10, wherein said step of applying the

correction factor includes the step of applying the temperature gradient to the

temperature of the plurality of composite samples and containers.
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