; e3eLyL6TxA BRAKE CHECK HANDHELD CRCSS- REFERENCE TO A
RELATED APPLI CATI ON Thi s applicati Eﬁmmmmm_nuati on-in-part of I1U|_ 2003
June 15, 198, whi oh 155 | noor por at ed HEPE nby ref erence. BACKGROND OF
THE | NVENTI ON Mbni t or i ng the water content in hydraulic brake fluids is
known to be of crucial inportance i ( i pning efficient and effective
braking function. During the braki rmu”mmmimmy the sustained braking,
friction-generated heat can cause a brakgdluid to boil and form vapor

bubbl es t hat ween/4838use a conplete | oss of the braking functusmveit nce nost

of the comercially 15 used brake fluids are hig&l\ hygr oscopi ¢, the water
content in such a fluid caRRRREGESE BANPHELD,\BE fé“@@% BRion fromthe

surrounding environnent., |If the water content in a brake fluid increases
to 2% the boil i GRPSFORARFERENGENFOf A UREBLAREDr BBBRECAIIGNI fi cantly, 20 thus,

decreasing the ef fi cirpagyagf1idieibsakes abt oveitabh-salmiy ok &hle operating
devi ce. Anot her ar ea of cpneern re%at ed tto tﬁnt in brake
Yill ? & (e}

. . . er £ co-pendin enE.haE.'\ hl.li ht\{\lgteé’ rCO?

fluids is the intteasé ot The ¥ PAra"s &6rrosi V- activity THAC Can cause
corrosi on of thed29%73RBngfishesk em W IRent 828 hatieBn&S in contact with the
brake fl uid. sAnt ihesdpobhbkd Ngx2)iat ByerdfdBShcé hat are presently installed on
many notor vehicles are especially susceptible to corrosion. Having water
in a brake fluid during the period of about 2 years 30 irreparably danages
an ABS unit. A rBRTKGRONER:OF FHELANVEBE I t presently costs about $1, 800.
Two net hods of neasuMondtonirey thenvater iconfeit alke hirhuawyl iar drakel oyed in the

products current by, RiaiibaRh&uPRol B SRIdRkia T NedRthnEd shher titration
method is used 35 jn a conplicated devj cefft hat c%sftg.ar o%d $7,000. Anot her
type of a deWi ce™PHHAALBY § cﬁﬁflﬁoﬂ"dofe SOtES 25603 MBGoPRs5150 2

PCT/ US00/ 02304 . newsing thetbrakiogl | pepgsiadilyothe: swsgrindd ixakdngt s about

$éi 000. I]Efi SdObfi'mtS.ohhgénéﬂ‘};teﬂﬁh@i& taanotaties \d GRakk af IS £ bd>i]lno:1 3e f
able to afford a e i ng.de S t od o
determning 5 wa ec% %?%ﬁt.g%é}lsr]\o\(‘%?g%%{ﬁﬁ gggbgé‘%e%asaug?%la%%n 5% ir%%ty of a
fluid has provent®® BFakingcincsian- ThHEReEorest if thenryfisFcdediyable to
have a qui cks easyeditatakaefpeids aee neidhdy hpgiraeopde, f e deikcermi ni ng wat er

content in a brakgnddnti dn SMah aMeihodl andidevésse WAkl €b aldt@w service 10
technicians to n%a%lsurgwat Iy c%rﬁtents in.brake f.l %i ds_and egggrrend br ake
i hier i §85

. o i o surrounding. environment .
fluid changes be Pher™ ¥ o1 Cori-0%i on concerns a

Ref ract onet ers hu#teyq sRgteRferinudebrake filefid inateagnente JF%or thevariety of
appl i cations. Theyiltimgepdbnthesh theeflilid dedeéfyad BLoAiSigMtigont ent in
grape 20 thus, decreasing the efficiency of the brakes and

overall safety of the operating device.

Another area of concern related to the high water
content in brake fluids is the increase of the fluid's
corrosive activity that can cause corrosion of the

25 braking system components that come in contact with the
brake fluid. Antilock braking systems (ABS) that are
presently installed on many motor vehicles are
especially susceptible to corrosion. Having water in a
brake f£luid during the period of about 2 years

30 irreparably damages an ABS unit. A replacement for an
ABS unit presently costs about $1,800.

Two methods of measuring water content in a brake
fluid are employed in the products currently available
on the market. The Karl Fisher titration method is used

35 in a complicated device that costs around $7,000.
Another type of a device that uses the method of



juices, water content in honey, the concentration of water soluble

met al working lubricants and protein levels in blood serum Aneri ca? gm.dﬁlt.ly
of Testing and Materials Standard Practice D 3321 details use of a ) !
refractoneter for determ ning the freeze point of engine coolants with far
greater accuracy than traditional hydroneter nethods. Refractoneters
require a very small sanple size. Refractive index neasurenents are quick
and can be performed with sinplaactonetry can be used to determne a
percentage of water in fluids by measuring the critical pahgd t ot al
reflection WROM4P ticular fluid white providing for telr,rper:gt)ti.i‘?&z?ée4

conpensati on that becones necessary due to the tenperature dependence of 30
the refractive indices. Since the refractive index n of a fluid changes as

the water cont eqL,LacreARes nELdoout 11 o L1 BLAN AMRLE"cSA Sbac Wi 1| have

different refractive 1ndices, an different critical angles of
total reflectiofl BR® tFtt AE PRERIFeRBF Ste3m2iifly PEf PREYHISN there wil
be a boundary betmeitesnd hedldankt dred ablghto pdfbrdrmdiusa expdresive t he

observation  2,8,Jki 2R O0/ 488 50hot rdr_matkdd IJeURPLAR3 A% ar ea. The
| ocati on of the boundary on t{he scal fglth n.is calihrated er content
?bd"d%eo R’iﬁ{

n wa
units will iThdi ¥3F8% tFRBTEFEFcER S PY| BeFYrdRP ORMFHYLEY a f1 ui d.
Ref ract onet ers bliaz fiasd hescpravepako dpogylimagbutateal Therefdmt iigniso

determ ne percentigaes dfsivabes td haveha %ﬁﬁ&kan@aa% anaanhétpaRAaecool ant s
have been known |g t eadgguggré/.folioa géarrp_ll.g U 'Z%LEQt No. 5,355,211 to
Thonpson et al . "f 8% ned £6 Teica, “Frc. L di gg‘f’oses SUTErY act gmgter
subassenbl y net ksakanttwispar 8tk meghed@Nd deréce Moldapliowlseryirem 214 and
conpensati ng - wedBrididhsdispoestohre vitdr orsemss Ah0brake silwviidsi N Fig. 5 of
t hat patent. W | t L aghe r ponsi ve
menber 234. U. S.qgga‘tz%%d?%g.a Eé’l 243??%%%1%FEREEQR%%J&%{TE%?%#"%%%?S Ckuda et
al . discl oses a®RafdeHPefPRTtOifefEt%®as particularly illustrated in
Figs. 1 and 5 of thakefraicénnetsitee hpue elmngdbseh oswsl misr Ebeld 2, one end of
which is securednberiintisn@ofedbairiddy fo¥ aBpl Eat3 d% . PIrRLE el Ng 13. The
other end of_ mrror 12 urgg% 21%.% ainst__th y.exganm bl e nenber 15

er mal |
by the forc P of 'gﬁ?i%sge e eenpé[a rsgggﬁa%%ré@éntt e ﬁ?@reml | y expansi bl e
menber expands GRLIEBP MRELE COMEDEDL YN rRANEY e RONGEREBRLEIN 9fn t he Okuda

pat ent rot ati onwates solmbli2natxdwvorkimg Jiubeickhicepd peateird leaeasl el to
original 25 beay,5g;bdk Yedbh . L AnQBRE G @], 05¢ ardRIRG! 2hdir € change. U. S.
Patent 4,451,147 "Refract gﬁme%er" to E)obe%mg alddl S(il 0ses afsref ract onet er
that utilizes | MGRETIENS SEPPAFNLETFESHT Dt PO i PPRr°5 G face areas 32
and 44, and2(ri sefzactametier| fior deteymining ghe fjeezegpaint 3F ehoihat patent.
According to tﬂeomm& patBnfar irebtér ldcuehtgcilmnbeaaibdiaiad directs it to
prism22. At t i ri Lts 4 rence

" ght beam 56 agt paied HExfbay RBELEs e eDp MOt ?gt%éa"?nfl& s then
reflected by ni BABPLEH28ceRIBEAAL1YS RIS BERRUISIRREA2AES AWFKpaRd | al

mrror surface zasabdsbpeiformghtwitdf simpliangredagerely. iMespansive | i ght beam
58 2 8 JUp5 20Q3 ViR 18Rere fbre, PEINNEELALBAA 8! Bel @ddaithbed at active
surface area 34, gnd passes t&rc&gh é#%‘att ;e;raﬁé{}gg gl ass vvedge 40 to be
reflected by a MEFFOPIEUA REECHI-HROT ol st le™ 80 %51 Vel Hd I Tenper at ur e
conpensat i on i nthRasriuicedt angle@fi bRl Fpiteaiiacinng BRIXH.qUREr ence and
neasuring beans £i0i@UgHi liehpro@idEngr ESH tdnpusat Ere) @BmpgnsicidnMehieans to the
same temper at ur godht{£naneeSa el b5 BAPESLAKARLIOROARRIALE P SM 22
] with a refl Due

has to be partially coate th_, ective coatl ng. . to the nature
of certain thenitBsl EeEAREAVRtPIIFesr KNGS GhasTeRUREFEVar H98% "pPBbl ens t hat
are specific toabfakid fdhanges aaxl theavateandent éite icorensesf ridatideet er s

conpl etely i napplikfall £ er@ntBRstidy BOnf&ieAGhl Y ehd¥eORGEELAHOT Such fluids.
refractive indices, and, therefore, different critical
angles of total reflection. Due to the phenomenon of
35 total reflection there will be a boundary between the
dark and light portions of a scale in the observation



15 First, the range of the refractive index nin a brake fluid spans from
-about |.4447 at 0% of water to about 1.4394 at 7% of water. This rzggjgl_im}
much narrower than that of a cool ant (spanning fromabout 1.33 to

1. 38 over the sane range of the 20 percentages of water). Thus, a nuch nore
sensitive device reflecting a different refractive index range i s necessary
to design a brake fluid refractoneter. The increased sensitivity

requi renent can be satisfied by achieving nore accurate tenperature
conpensation. The 25 known nethod of tenperature conpen |l oyed in a
refract omet MOWEHt ool ants uses a bimBtallic strip attagﬁt/gﬂ?/gﬁgp
tenperature conpensating prism(called a wedge" in the follow ng
description of the present invention) and to the prismon which a sanple
fluid is 30 dep&ﬁéat edwhé_fhfocmtl%w 8f e bbmmrpp@asaﬁé NgbAllel $ARASisUCh that
its tenper ature ci.ent w%llq__nrdT tentng a‘_fs m e ten‘ggr ature
coefficient of PL'rﬁ‘IieI?I i § 03|t|v %l% ®The binetallic
strip deflects H’?Wtﬁgelﬁ tWakerpdsia |t@ﬁt9@16qﬁﬂpéﬁp@fa4lﬁlel1§5 changes,

changi ng the angl e @kftictaidtaghethdnieenscind |d1gtpeasra:ey1¢ oEhtisgalpr ovi di ng

for the correct éﬁ@&gg%%fﬁgérﬁlgylpeggggt%g %%&é@rﬁn S}#FECTI USQAO 02304

conpensati oR i n° HEASUFT ractive_in Ui d. The
concept of usi nﬁ-‘lﬁﬁénﬁfﬁPe@? AnsifreezssPeirnts ﬂ’é?fﬁe‘?%?%r’%‘%e%ﬂ"éi‘%nts and a

bimetal lic strijpndesrbeernrdr lexamplandr.gsepatientt No. i Hies,2p1 kb is

descri bed, for U. 2 6 ran and U. S.
Patent No. 3. ZGWIOE ei: na\l Elasg tuohel%ag Qng pc&fkcﬁgggg élb

5to ich are 1ncar orated herein by

ref erence. Suchr%f%P@ﬁt?’brs“’?’é‘%ﬁ Y, EtR PP H%ved 10 to be
unwor kabl e 1on t emmpaséngf crigdsali aggleapeist Gldennd q:q:rnmaaemgw ds. The
Eﬁrme{ ﬁt u;e coe&%aga ent @{sp%ééa?ketﬁlwmdus&getmboxaér%r?m 3nt ¥ sCs][ral | er

an the tenper efficient o oC for a
brake fluid, -1 ‘%Fl%')h E/é% or aw?:%%ﬁ 2%? ig[h%tchgdB%(o onfSe}'d nor e
sensitive terrpe?%ﬂﬂ?rrétéﬁ?rp”é?@&t“isbﬁe é $X -needed to measure water
content in a brake fo.sidranert dotl esaE33BRl 'HadgeRe fiacadmetar® ats egul ar

service st gl ONgyRECaYSE Ofalts*aqotsggraeménéw%emz:wmé@eqw Lgments a
binmetallic stri usedlnt refract

 for co can not provide
t he necessary Terlaghhe t5A-e H‘é’T gﬁﬁ el érf%‘@ltat ure
conpensation demwtl s Peedatenyr dsddogke mﬂrmoer iiéf rers @ndt eE. A second
probl em ari ses §KiyA tBeséagded ffat hoTdimgbhedisarf hui dotf herisaf Babyi ve i ndex

changes negat i vgi%/ entsbPﬁe rt3he ST SA8e Qg LdEe nial-sk ﬁ)r}ﬁepgﬁ,gea\hereas for

exanple, in ac efractive | ndex increases wt I ncrease of

glycol . Thi, tpetidssyFReemally. e¥pansibleePemisy LRePY ndife ToRCENRE r eadi ng
scal e so that téering 23m dis ttespsraturenchingses,r tbporltktw10% of wat er and 30

the top of the r@lmélm&me&e&ﬂgmhst @r78/@&frawab¢rtmé\:éb;b&ak@tiﬂgul d. Such
i nversion is hi %1 d(%5| rﬂ)l eI% scﬁ'cutdg %%egtogf:&gt CFQIP o(i__aLnIP g}l on is
en

famliar to the cu oner s and ]ﬁ_zems I'ng"cool ant
ref ract omet er s. 1353bout| Shey | Riyayr Balf?%PsdBS?'F &3 earslipl & oxrdgingt onetric
appar at us tasat bpeam d2abihosrderuser compensit8 fHdl a208@perature change.

U.S. Patent 4,451,147 "Refractometer" to Dobes et
al. discloses a refractometer that utilizes light
refracting wedge 40, mirror 18, mirror surface areas 32
and 44, and prism 22, as illustrated in Figs. 1, 2 and 3

30 of that patent, According to the Dobes patent; mirror
18 reflects beam 54 and directs it to prism 22. At the
lower side of prism 22 the beam splits into reference
light beam 56 and measuring light beam 58. Reference
light beam 56 is then reflected by mirror surface 32 of

35 prismatic body 42 and by partial mirror surface area 44
of light refracting wedge 40. Measuring light beam 58



WO 001 45150 - 6 - PCTNS00102304 determ ne not only the percentage of water
in a particular hydraulic fluid, but also the boiling point of sucQ#gmL 2000
fluid. Such an apparatus woul d be especially useful, for exanple) i
servicing race cars, because 5 for servicing such cars properly it is the
boi ling point that needs be determned in order to prevent the | oss of the
braki ng function. SUMMARY OF THE INVENTION 10 It is therefore, a primry of
the present invention to provide a refractonetric apparatus and net hod for
use with a hydraulic fluid, such as brake fluid, which sgixSenkiee above
enurrer at ed pYOM¥4EWE. The present invengion prOV|des a refractonetric
appardtus and nethod 15 enploying a tenperature sensitive nenber that
provides correct readings of the water content and a boiling point on the

reticle. In partigyl nglatéz-_%.dt SEMRIAI 8uSeNsl Like SPITel GoUnd ses a

prism wedge-mrrqor co nation_in conjunction Wt c strip. 20"
In a particul ar SHSYEREHE oFe’F?Féc%“é)sgﬁ?s? RASSE 6?1 "cché?eu§% ¥et89%i rror
achi eves the indneassiremgsuatace\dtathenlorert sddbeéoiCradge i .t he position

of the m rror Chmg,e,%aém %eagé@éa&%w ahi Qﬁ'atOfpaEQﬁt bf@r@chmewé gy 2 to 1.
Ther ef or e, nmor F dx% n?er ature & corrpensakél on hg b’b% e fluid
refract omet eF" i o lzf(?ﬁ FRIFOATE ARG AT P e M AE D Emwi th a
sanpl e of a hydrsagiei prisuyi (}haﬁd ednesiaggehe |fvogbeaws &1t thefsams oneter, the
ol d tenperat ur e wpReatatd @A FESPEHJMRL.I ORoW EHODbbaEs Ninviedtibgagh t 0 an

angul ar 30 di Sp'o}%%gﬁ{a‘h%ﬁ Ot be 1?aesa'Po % %éé’tiaal 14,2654 9:3 %C when a wedge

rotated 20. ano g resent i nventli o o stretch a
narrower range ofeiBeskEve |GPRELIRSS ractl ve indices over a Iarger scal e than
is normal |l yiased i n Bberted thet namirer off certaiol ahtsicals abge&uﬁuagtihar

di spl acement Carﬁfaqzd BYSfq st heh&'féta&ré(:%wge;sy@a@mgh@hat 28 44,&29]@3

00/ 45150 gl US00 lfg‘% ? (ﬁnsﬁg’ﬁd he retic provi de a
| arger span of a"'r? H “BhEr Epwm IrtengcffE'fetgﬁﬁt her

obj ect of the prmﬁptqalwewapnhmaéﬂ@chpewqaumgg Fefzactiive in a
refractonmeter fqirdperkeed Jdel Bu8s.£1A@sporti on of the beam that previously

got totall y%gef lected; on t Qﬁebg%a%t Qgg\é?eeﬂarcggvéaﬂ;[%;%l LI ﬂ% and the

prismand the portion th b not y reflected change

pl aces after theb%érrf-’r‘é’-q' EPRBR t TP RPPHE %414148rattqm§ FAYRY tSNng t he i mage
10 that a user wiHdutsubs¥Fguent 7y seeratart hellssakangdinigs ywethanot her obj ect

of the present 'ﬂh\é%BtvéPrtHan tRat FBPrapQBéi@nt.a (@Buﬁhu{getf'r%healbéﬁto a hydraulic
fluid refract orr)r@?a n%w I‘?él (%,e% ggnprl ses_one tﬁore scal es t hat
indicate, for e ﬁﬁl paf Lo Sge 0f 1B W&PBPS i &R the boiling point
of a partic@Par WGPEE?EF%B Pﬁu?'@ltem\nd FHUE het TeEpeRerePeppitbresent
invention i s to dqevicedeefldeting caiiffengnatrdfeast i tavdindekr eaigemiber s for

use with correspapdipg-p %Uaua%n fd &B'rﬁlﬁe Eﬂuﬁh%éermm@wfr OffieeCt s and
advant ages of the esent_inve creasi.ng re apparent
o thooe. skil | ed-TReRREN PoLE VAP ERULE TIFAIN 2P Y GREAGEIRSAM pt | on and
to the acconpaniashigving mpre accurate temperature compensation. The
25 known method of temperature compensation employed in a
refractometer for coolants useg a bimetallic strip
attached to a temperature compensating prism (called "a
wedge" in the following description of the present
invention) and to the prism on which a sample fluid is
30 deposited. The material of the compensating pfism is
such that its temperature coefficient (dn/4T) is
negative if the temperature coefficient of the sample
fluid is positive, and vice versa. The bimetallic strip
deflects from its initial position when temperature
35 changes, changing the angle of the attached compensating
prism and, thus, providing for the correct temperature



25 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a chart illustrating val ues
of absolute refractive indices and tenperature coefficients of a nggrt]gj_r 2000
new brake fluids. Figs. 2A, 2B and 2C are graphs illustrating the

rel ati onship between refractive i ndex and water content and boiling point
of various brake fluids;. Fig. 3 is a graph illustrating the relationship
bet ween boiling point and water as determ ned by the Karl Fischer titration
met hod; 2 B JUL 2003 WD 00/45L50 _ g _ PCTIUSOO Oz304 Fig. 4 is a chart

i ncluding data on results obtained in determ ni ng aver agersioaros
concentrati NP WHH} efractive index frofnthe information in Figs. 2 and 3;
Fig. 51is a graph illustrating dependency of 5 refractive indices of brake
fluids on percentage of water; . Fig. 6 is a table presenting average
tenperat ure coefddnpenght fin Yar hedsurihgkend | #fdscebyg. indexSod £hart
presenting dat adga[hrgf Ef‘gﬂ ve 10 indices and tenperature coefficients of
used brake fl uids; pﬁ- : I's a hi stogram showi ng water content in brake
fluid of various vehTBeeloncepl. ob ysing pee JpdEriieds Wik ePPIeits al

contai ners 15 i nodmpairagubs aloeffidcichtsaand e bimegallic i stxdphhas ageam

il lustratingga dj i gﬂ&i&ﬁldoft COAlOT nbilh | ties ;Engd e 1930P! &5 of used
brake fluids of Fig. . 9; Fiq. 11 7s a raph conparing refractive. i ndex 20
readi ngs to wat e‘?xaé‘l?ﬁfen’tngbrc"v%?tied’l}s Bsetr 37°aR80f FRi P dERBRed Fig. 12 is
a graph conpari ng. S.-h@atienta Nof. BFi267,785t bo tdrdddeirg whidh gge 2A and 2B; Fig.

13 is a perspectiuerpbededd nbbeibnakeetliinlte2S refractoneter of the present

| nvention; Fig. 14A i an, Rl odep Vgl of A RO LhgI e ie Lgtdct ometer

i0 to be unworkable in the case of measuring water contents

in brake fluids. The temperature coefficient of a brake
fluid is approximately 3 times smaller than the
temperature coefficient of a coolant (-38x(10)7°/oC for a
brake fluid, -12x(10)%/oC for a coolant). Therefore, a
15 much more sensitive temperature compensation device is
needed to measure water content in a brake fluid over a
temperature range typical for a regular service station.
Because of the increased sensitivity requirements a
bimetallic strip used in the refractometer for coolants
20 can not provide the necessary angular compensation.
Therefore, a new temperature compensation device is
needed for a brake fluid refractometer.
A second problem arises from the fact that in a
brake fluid the refractive index changes negatively with
25 the increase of the water content, whereas, for example,
in a coolant the refractive index increases with the
increase of glycol. Thus, there exists a need of
inverting the image on the reading scale so that the
bottom of the scale will correspond to 0% of water and
30 the top of the scale will correspond to 7% of water in a
brake fluid. Such inversion is highly desirable because
the bottom-to-top calibration is familiar to the
customers and has been used in already existing coolant
refractometers.
35 It is also greatly desirable to have a
refractometric apparatus that would allow a user to



Fig. '14B is a schematic representation of refraction if a critical angle
prismillumnated by an 30 LED, Fig. 15 is an exploded view of conpgngptsgg)
of the refractometer of Fig. 13; Fig. 16A is a |longitudinal sectional view
of the refractonmeter of Fig. 13; 35 Fig. 16B is a schematic illustration of
the calibration procedure; 2 8 JUL 2003 WD 00145t50 = 9  PGINS00102304
Fig. 16Cis in exanple of a reticle show ng a reading; Figs. 16D and 16E
illustrate different enbodiments of a reticle of the present invention; 5
Fig. 16F is a side view of a disk-shaped reticle of thegrR§aRisi Nvention;
Figs. 17A aW@4E%re diagrammatic rléustrations of the operation of the
one-pi ece mrror-wedge conbination of the present invention; 10 Fig. 18 is
a diagrammatic view illustrati ng the i mage inversion in the refractoneter

of the prese”tlc*e{lu‘i-ﬂnﬁhé’%oé:'oﬂi é??et%agﬁﬁé | gded: v e%’; tpartly

di agrammati c, strati alve I ment,

n
refractometer GPRHHEYR ?’és\'g’l‘?tral‘ﬁ% filudd: Bid 2RSgs the RIF 188 PUigr ammat i ¢
views ill ust ratoﬂﬁ@uthrakﬁru:@wbswmt sppdratue boaké Yd wisgecixHYlyct onet er of

the present | nugaiuan. s39 SERALLERDESCA EHONaCE I PREERTRED EVBOD VENT

Brake fluids circul ating.in dli‘_lferent mak cl es mage and

driven in cauntf3%e$eEd FHEM WO PEBRE" yn 1& &Fd‘gh%/#ﬁéf'?gw *E5nbi nat i ons
of chemical s. \té?atoaseﬂalélﬂs determinedbin | erdgy soprrevent &he 2Bssandf act urer
as well as carseHf phrlRiSqnetass. built by different manufacturers require
different types of brake fluids to maintain proper and reliable braking
function. The vari et es of brake fluids nmakes the task of designing
a single devi cegwmée Lﬁféﬁéwlﬂ“n 30 properties of different brake
fluids an especi al | yt' ilawHeragops Olal primabhieioEl ehe, presemtdenvdmridasi gn and

build a refract E%(u&é‘aé refrt &k PEc raf‘ﬁgfa@-‘akhk(eaﬁ&‘qf@&hedtszt lhgeboi I'i ng
poi nt andaperce ageg ter.1n a Satrg % fluids avallable
on the narket, b 2 p¥ ?Fé‘@g&gerQO ggig A&t Jn‘él%pf"f‘i:%ﬂ" properties of
vari ous brake fSQLV@s the aheyk ebunerahed rmfabdemsyeThe pr@sgut 2003
invention provides a refractometric apparatus and method
15 employing a temperature sensitive member that provides
correct readings of the water content and a boiling
point on the reticle. In particular, the temperature
sensitive member comprises a prism-wedge-mirror
combination in conjunction with a bimetallic strip.
20 - In a particular embodiment of the present invention
the use of a mirror achieves the increased angular
deviation of the beam. Changing the position of the
mirror changes the angular deviation of the beam in
ratio 2 to 1. Therefore, a more sensitive temperature
25 compensation in a brake fluid refractometer is achieved
By introducing a mirror between the prism with a sample
of a hydraulic fluid and the wedge. In a coolant
refractometer, the old temperature compensation
combination without a mirror lead to an angular
30 displacement of the beam of only a fraction of 10 when a
wedge rotated 19.
It is another object of the present invention to
stretch a narrower range of brake fluid refractive
indices over a larger scale than is normally used in
35 refractometers for coolants. A larger angular
displacement carried over the distance between the



WO 00145150 _ 1 p _ PCTIUSO0/ 02304 indices of the fluids are still within
the range that is adaptable to obtaining a clear reading on the reziacl E'Zﬂﬂﬂ
The followi ng tests and neasurenents perforned on "cl ean"” break fl d]y
diluted with water and brake fluids 5 taken from actual notor vehicles
illustrate and support the concept of adaptability of a brake fluid
refractonmeter of the present invention to determ ning water content and
boiling points of different brake fluids . 10 EXAMPLE 1 The range of
absolute refractive indices in brake f luids The chart @frféggm23és

i1l ustrat es MO8 ues of 15 absolute Fefractive indices of 33 new brake
fluids as well as the refractive indices of the sane brake fluids diluted
by water up to 7% with an increnent of 1% of water in nost experinments. An

absol ute refr aCEbX@sid’gd%an aﬁd fé}w fod fo1iel §ui§f;513&)t Iqee 5l PeRYeAlspde Of wat er
in the 20 fl uid. this exa i ou é|__§glransof brakeflwds wer e

purchased at a Qt"o?‘é imMagen °8n héﬁ)ss&Ia g LT PPakEFVR S ndex of a pure,
undi | ut ed brake fl ui®k vas yebazngtder ¢bhiemt phathe refeseoti imvenidioves of

di | uted sanpl estgf abfike fihbgdsinRES: Stetier Hi PeEradtbriatirNEGS WaWRNt S the 25
refractive indi %ﬁ er e easg{_gdonog athel %T Trgge@blr%‘rlla Oi at ory
refract onet € & Per cen of f:' “ffle s%n‘pﬁ were dBter i ned by

the Karl Fisher teta blfmﬁflﬁéti%dmt Khe l?%“\ﬂéF‘Y Wf’t sheheaeplekilled in the
art. Brand nanmeglaind dngeheopridie ahfakite ottt dn el vhee bdm peHate@iages of

water in these LLEIQ& ?:aﬂi vféﬁ%ftpureagggk%ﬂ?cf g({]_e§ {: Iﬂegml Col um 8

provides refractive ces as as brake

fluids diluted B§ ’6\%@ Ghe BTG, t Sca%P‘Ef'e’:té-é‘@nt ?o’rﬂa@&I um 8 that
at 20C t he mbsokbae a/aiswsw%l cfubsefuettliyv eee nolh cge Isicalai t hin t he range

bet ween about . 2 8 sHd RROTYBAOLARIS0 ot Zo P@i@ogao&%nlléml for

t he DOT 4+ Vol v br ake a.%:d br a 12 ’ig 44 4&5 ﬁ_

Del co(GV) br and SOTHE T EEF3FRat réﬁve t’ﬁee 501"{31'1"% §7‘é ces fall
within such a razafeaekdmeserhathy mgermﬂlenpmrifﬁﬂs @beabniwayea good
reading 5 on a gehlés et E.h&ldia&fel’ aﬁwraaaaapleThﬁreefpaﬁ:eenw@ &yove data

concl usi vel 3. ShautLbagy ol £nDISSHLS JrUbE t HLRLEASLETR BN O | o

capabl e of Pprovi g accurate rea a variety o erent brake
fluids. 10 EXAVBEEX3: The Rel ati onsh| p Between Refractive I ndex, Water
Coat ent and Boi | i ng 3 rnotheBraikieck| @f ddie present invention is to

provide a kit comprising at least two refractometers for
use with corresponding hydraulic fluids.

20 These and other objects and advantages of the
present invention will become increasingly more apparent
to those skilled in the art by reference to the
following description and to the accompanied drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a chart illustrating values of absolute
refractive indices and temperature coefficients of a
number of new brake fluids.
Figs. 2A, 2B and 2C are graphs illustrating the
30 relationship between refractive index and watef content
and boiling point of various brake fluids;
Fig. 3 is a graph illustrating the relationship
between boiling point and water as determined by the
Karl Fischer titration method;



The rel ati onship between refractive index and water 15 concentration for
‘DOT 3, High Tenperature DOT 3 and DOT 4 brake fluids is shown in Fimgm
2B and 2C, respectively. Water in amounts of 1%to 8% water in incr

of approximately 1% was added to each new fluid to devel op these data.
Refractive indices were 20 neasured at approxi mately 20C and 24C. and were
corrected to 20.0C. Al three types of brake fluid exhibited excellent
correlation between refractive i ndex and water concentration despite the
fact that_the conposition fromfluid to fluid within a c y 25
vary. The cuW@é’“’fr‘?f“t ed data in Figs. 28 and 2C are al msﬁéﬁ%‘gﬂ%ﬁ?dggl Thi s
denonstrates that there is no appreciable difference between the refractive
i ndex and water concentration correlation for the H gh Tenperature DOT 3
alnd DST 4 flui gs 30 ﬁbﬁobqté igto/@hae't Nrfclebifg ikl 8 Pélétil%lé_rﬁf fluids weLe
al so determ ned gver. a t ngentration range e relationship
bet ween boi |l i ng CE’)ltcjjl ]tned B %tem\(%%%gé %r %evf erer?l ﬁ%‘ac% REFPTH sdcher
titration is shoWﬁITaﬁ—'tF:VgutfédeB‘ frpe tfeesemﬁemeww-gu?w 22aﬁt!ld33r\/vere used
35 to determ ne aver #g.WatHs acg&apntintuseﬁam@ dependénateof 2 8 JUL 2003

WO 001 45150 ¢ 0404 .vQg brake fluid
brand and about ]Tefzfé%%%@g %%%D%ﬁfl%g%l {“Ci{%gt)gl éenﬁ\ég fggt that all
the absol ute ref¥23®4ive |nd| ces fall within such a range nakes that range
conveni ent for obtai migg & Pgoad thbleipupsenbing average ecexipeirheure
refractonmeter. ThelEfiehent e vAROYEs cﬁtaq{ecgmlcgsl vely show that it is
possible to build a refractonete | e of providing accurate
readi ngs for a variety?® Ofsidﬁ taefé‘ﬁ%gtﬁ gn'f’rTﬁp Falﬁnli’g)&ﬁ%ﬁ ‘ZgT

Rel at i onshi 3-0Bet irdireRe And ciomperrAUEX  COpE brictsst ofit used bBekel ng Point of
Brake Fl ui ds Thesnealat;i onshi p between refractive index and water 15

concentration for Dg)g g g %} Telgrg%%t Veﬁhwwgggr%t%ngr%e fluids is

shown in Figs. respec 'n anount's of 1%to 8%
water in incr errel’h’E akenff Hbﬁr‘tﬁl"ﬁ&tl@}‘? €Siadded to each new fluid to
devel op these data. Répragtisve padspssiwver eidld ofeasveral abnapiaxrd matel y

20C and 24C;sand; yein @i 68" beMeL #1094 2anfdzes Al | three types of brake fluid
exhi bi ted excellent %orrel(?tlon eLyeen re% cl,1 ye in gﬁ'g '#a,ter
concentration des Fnet adt & Hat - THE " OInpUETEr-ond 13 FOPY1 £ 1 ui d
within a categor9 ml0251%ﬁf§ﬂ.lt¥hé turthe pamnleg ahtwsech brrks. fhgdsnd 2C are
al most identicalof Higs denonstrates that there is no appreciable difference

bet ween the refracti in d r I Is ion for the
H gh Tenperature DO'I'\@eig Pf&sa@l g?%?dc%%ﬁ%rggw i lﬁh@*

Ints of a smaller
nunber of fI1%9i ds Wéirlégﬁl 5‘6 ‘i?é:Fer ﬁ?ﬂ'éecf‘tov“@F “aa”f?“ﬁo“%% 3@@3? EhHent rati on

range. The rel at$awslieisp bet ween boiling point and water content as
determ ned by Karl Firgghei2tid aabiaph idompheiMy itheFASE &8 Frighary egul ts from

Figures 2 and 3 wer %alégegf:’»é_gtso dgt grdrge average water concentration and
refractive ) !
Fig. 13 is a perspective view of the brake fluid

25 refractometer of the present invention;
Fig. 14A is an exploded view of a portion of the
refractometer of Fig. 13;
Fig. 14B is a schematic representation of
refraction if a critical angle prism illuminated by an
30 LED; '
Fig. 15 is an exploded view of components of the
refractometer of Fig. 13;
Fig. 16A is a longitudinal sectional view of the
refractometer of Fig. 13;
35 Fig. 16B is a schematic illustration of the
calibration procedure;



2 8 JUL 2003 WO 00/45150 _ 13 _ PCTI USO0/ 02304 sanpling of used DOT 3 brake
fluid is also identical. Tenperature coefficient data are shown in wg
chart of Fig. 6. Turning back to the chart of Fig. 1, Columm 14 re% EJP‘E
the results of the neasurenents of 5 differential tenperature coefficients
dn/dT for all of the tested brake fluids. These coefficients fall wthin

t he range of about -30* 10°5/C to -50* 10 5/C. The average val ue of the
tenperature coefficient was determ ned as -0.000388416/ C. The average val ue
of the 10 tenperature coefficient accurately reflects thergbanges . of the
refracti ve iWRI?%4&S%n for the tested fl1%ids as the tenperature of the

envi ronnent increases or decreases. Because the tenperature coefficient
stays about the sanme, it was possible to devise a single tenperature 15
conpensation system fgf. e {efirneckamBleroOh theiPrLEMBvihgVention. Such a
system conpensat es for tenperature changes in the refractive indices in all
of the varlety Sra %e fluids. A related i nportant property of brake

flui ds 20 di scover edFigft iLAP| anfk6Ed 1l hustratgr dsEfpranyy empediens st hei r
const ant di sper sfoa. r&mersmfhd efregehs idvenehange of the refracti ve

i ndi ces with.respect vel t e ht

dn/ dA. If thEé dependg}h e o? %%fareasg{alg'vgl% cgshg%*t eﬁ eng \%ere 25
not constant, itthRoBFEEBE tRPRREIMe to get a reading on the scal e of the
out put devi ce of theFigf.r aghoanet er7Bi arée hdidgormatia idlaspraoiondany.

Di sper si on woul oLh%aU§@r4e19,nt offeifl fokstﬁpéc%\i@ksemé% el QolibidAfibact ed at

different angle erefore ro ucing a multicol or 30 boundary i ncapabl e

of indicating ac}faFF?cQﬁetfrenSa WEe3PPésponding to the refractive index. It
turned out that in tREgt st dd drdikgrimmatis viewr hllustdacdny vhenai ned

constant for di flfnﬁ@enimfarsmaﬂlﬁtit@@Sr@fri&n@@et&%ﬂ&heTbgéeé&re t he
readi ng forned vggglg}l? reticle of the refractoneter was in the form of

shar p boundary b Ween t and dark areas. Such a reading is 2 B JUL
20D3 WD 00l 45150 _ 1Bigsp NSB?P @rS02XBedes VEGWS iR for accuratel y
representing theliagkaesatdic,t helymnreehhages adtevnsetven rtbbéithdéntg ofoi nts of

brake 1 ui dgs Meagidr @Qfxbébttot&@téffcffa‘ih@nﬁt:@gen‘ﬁf lm@nﬁ&@eaﬁdl nvention. 5
EXAMPLE 4 Simlari ty ‘flui ds I\/Easurements

of water content and b%ef ﬁ o?rrﬁ §189rﬂ‘maftééfeﬁfeﬁd§'éuﬁﬁ?ﬁ’§’

performed on "clfagkher rﬁ!\boﬂgmﬂ“%ﬁ ®F bbegpraken fiuid grafragtonetiasr Oél | ut ed
with water. QbvishéSpyesdrdt Gaaéndidre the new brake fluid refractoneter is
going to be used to determi ne the sane paraneters in "used" brake fluids,
the ones renoved fromcars after use. is inportant, therefore) to 15

establish t R4t tHFEASRER CHSCRIDPERY CF STB? PREE EVMBEDINENE ake fluids that

have the sane wat er Boakeedludds alinculating finsdififeragitnimalies taf of t he
reticle readi ngsdtek! €aRRNEbNGadd andl @siesh 16l 8atnt Mile@Alkrblnt dnei th a
certain percent %?:laf céﬁ@[ &h gnv.silc{ v@.r:x.gé)edo Qo%glnatl o'ng of
chemicals. Various makes of cars built by a particular
25 manufacturer as well as cars of the same class built by
different manufacturers require different types of brake
fluids to maintain proper and reliable braking function.
The variety of types of brake fluids makes the task of
designing a gingle device for measuring certain
30 properties of different brake fluids an especially
‘daunting problem. Therefore, in order to design and
build a refractometer that relates the refractive index
n to the boiling point and a percentage of water in a
population of brake fluids available on the market,
35 it is necessary to assure that the optical properties of
various brake fluids are such that the refractive



20 with the sane percentage of water is proven, then the conclusion is
that the refractoneter of the present invention will show the CO”??tJUL 2009
readi ngs for various brake fluids fromcars in use and tested by
techni ci ans and service people at different car service 25 establishnents.
Turning nowto the chart of Fig. 7, it can be seen that the data therein
represent the neasurenents of the refractive indices and tenperature
coefficients of "used" brake fluids, the sane optical properties that 30
wer e measured and R esented in the chart of Fig. 1 for 'pehr@adozdsake
fluids. The WR&Y4 cylinder brake fluitd Water content of 131 vehicles was
anal yzed. The reservoir cap of all the vehicles tested recomended DOT 3
Brake fluid. A histogramof the results is shown in 35 Fig. 8. The average
wat er OIC_oncent r atidgiices ?bezng\éebj\./\@oid%(s) ﬁgiétgnlv\?&tai@%hu rig@g/ot?ffﬁlﬁe%yem glgsg
ranged in year . 3 rom
to 1997. Averageadéé’gaélttjetﬁ'noe%\gg }%ﬁngsamﬁgeaar_fgg%nggélg?ga%%%#%é medi an
wat er content weEhe £f23dewingnsests e PerFuelent fPREIPA®™at er cont ent
was greater thamd%an¥werdak Flvtdgpditanéd ofithheavehialdebrakdadivadwat er
content greater 9 t Il D b u L] poi nt of
typi cal DOT % br% e f?ﬁ%%%%%gip f\g%cgg%gplétasgﬁggﬁéﬁéﬁ ﬁggﬁdtﬁpggttested
varied greatly fYmcRApPle ofoadaphapdlity of aubFakeiffdtidnal ysis of the col or
of the sanpl es ims=fzactométerrof.the préhente imyennbon noh ceteominimgt t he col or
or darkness of t&ﬁéa%h@&tcaﬁarﬁélll&ﬁg ;%&ir&%yofa&ii?@ﬂehwaa[ké he anal ysi s.
Cal cul ated correlation coefficients 1 or refractive i ndex versus % water
were identi cal hen the dar kest sanpl es were excluded. The data shown
in Fig. 10 RAcludes all sanples, regardless of color. Fig. 10 conpares
refractive index readings to water comtsanrefer 125 "in use" road 20
vehicles. No attenpt was nmade to differentiate between standard DOT 3 and
Hi gh Tenperat ure DOTT8e Eageprsiabsepyrasrettactive ngiceRein hrgdksr ake f1 uid
data falls betweenyiidge curve fit lines for clean standard DOT 3 and high
tenperature DOT 3 fluids as shown in Fig: 11 . 25 The refractive indices of
the "used" brake fluif88 FRaTt @F tHiigh %hbﬂ‘!ﬁg’étef ghe139dves PfL. 4458B, which
is practicahby iatenilucal réfirathive dngéces dfhelr péw dotdkee fluid<cas observed

T'Olf dil ULedkbr?:‘xﬁ‘e%ﬂ H§g§hé '}eE}S@c_EHi'v%t 1ndMH§%‘feEhetétfh$né' B8kl ffl%@ldﬁi LIUt ed

cl ean" brake j contai nin S ercent age o a

appr oxi mat el y th%né%ﬁé PEMA S’fi‘\‘/%%ongigc %qgr?g f%%ee“}eg’t%u%%%eﬁi ci ents.
Therefore, exanpiateriin meabnwexperingpiscAn mbgpirte aefghchive dadesri ety of
comrerci al |y avais ablfeuBdd i ake Adrradsiusdhdenr 8t fderoEnvat@kesn @hecars are

such that a,gin JERaS I ' vi di UL 7003 VO
such that a,§i AL, IRashIiid SRt LEYGA B2afEE Ui ktareZethstd

were purchased at a store, then an absolute refractive
index of a pure, undiluted brake fluid was measured.
After that, refractive indices of diluted samples of
brake fluids were determined. In all measurements the

25 refractive indices were measured on a NIST Traceable
laboratory refractometer. The percentage of water in the
samples were determined by the Karl Fisher titration
method that is well-known to those skilled in the art.

Brand names and types of the brake fluids- and the

30 percentages of water in these fluids are provided in
Columns 1, 3 and 4 in Fig 1. Column 8 provides
refractive indices for all pure brake fluids as well as
brake fluids diluted by water up to 7% at 20°C. It can
be seen from Column 8 that at 20°C the absolute values

35 of refractive indices lie within the range between about



- s.6° readings of the percentages of water and boiling points of the brake
fluids can be designed. The present invention inplenments the princjpligis 3003
illustrated by exanples 1-4 in a brake fluid refractoneter. 5 Turning now
to Fig. 12, there is shown a brake fluid refractoneter 10 of the present

i nvention conprising a one-piece housing 12 and an out put readi ng device
14. CQutput reading device 14 can be of any convenient type, such as, for
exanple, a digital output 10 readi ng device, which allows a user to view
the result of a nmeasurenment in a digital form It is con&g&m&a&gﬂ by the
present i nveWpoW#ihat a hydraulic ftudld-refractoneter w a cfl gital

out put readi ng device can conprise an array of photosensitive elenents for
sensing. 15 the amount of illum nation of the array by incident light. As

! lhl usgrﬁt egl I'n F‘i%ﬂjﬁi\fog%@. 'Th@'rf14?+ 'v'&‘i’deﬁﬁaJ@ét_ 'f@kllg!ﬂg@%aﬁﬂi %%Ah' ﬂttSHdtC? Iy q
shaped handl e portjan and a _reference portion avin rs nd secon
sl opi ng 20 surf aceéd3%4 gﬁﬁ  DPLH &R C%ﬁ%{ Bragrds 'ﬁg‘?iéao%té}"agtﬁ ace 24
ext endi ng and neshs rdpsailuhe syefredtiyraindicele fellll wiphimrmhch8a sagsi ng
surfaces 20 and Weednapassihedpafiversicde Y6k |sbrdandRd 2Gddd Redbidy
cylindrical I¥ sharﬁgd r@%gdie &th%opeég&o Lorrm 8..pLece f}%lésgg e12 in 25
whi ch optica el Theht €6 ?e F Fact OHBrS “T0Care to-be dfs’posed. I'Tst

sl opi ng surface dara wongdusivelyr shovidibgh b imposgihle roRyA1lBore 32 which
i s adapted for reseiadtdgeteRiviiehnBaRapidlle SEE Prdvibony ng-cutatace 22

ncl udes a 30 ¢ gl AHILAELARENNGP de e AL L akdePARg, 2 sarpl e f1ui d

on a surface of a cri angl e prism own in Fig. 1 di sposed
i nsi de housing 12 and described in detail below H nge neans 34 in the
forth of a nod is provided for pivotaEkyMRIPecti ng cover 40 to protrusion

35 30 and to all cover .40 1o he in a en_position ep a sample fluid
i s being deposi tggeage]feaf'utéb@rsh? %atwﬁ%lr]!ee%aﬁt vﬁ&%ﬁo%@%’béﬂ%@b 17
PCT/ US00102304 pgd&sm or in a closed position after the sanple fluid has

been deposited on the critical gggl e gri S Cover _40 #;nsi sts of two sl oped
surfaces 42 and 44 and a thi PO SHNS Fedrheetufimareaf 8 44fped to cover
surfaces 20, 22, 5 aflderQ’eDitmuﬁi@gaeiﬁg'eﬁﬁefeﬁ&\éeﬁvéoiﬁ&ei I&n'&hﬁati‘éxozed
position. Tygnin F 0. 14 i4 hiya oS i Oﬁﬁte a
channel -1 i kggf ra‘%oe gg t%%ﬁg{ngtfl?%gng%m%'wggggace&régggrafggls\édlg 3Ipgluﬁlell s 52 and 54
connected to a bbtRxRlpEhRids 5580w dReF598 seitve2Ba’nd T%cept acl e for
optical el ement sredpedidvedyr dtteneirermovonprofsitigter 8% iwstlerangl e prism 3B,
g vvte_clgeI 58, ia bl{@ﬂﬂégﬁsséf!&pQQxiﬁE@_ 1§_ by W@'a'dgédgﬂﬁlé&hnﬁéﬁs 32- t
itical angle pgis i spose in frame et wee ed apar
side 15 panels 5 %{n% 4d§ﬂgis°£%§39ﬁ?g?hatﬁ%@% cct).’éigﬁgléa\a%ee%%g%% critical

angl e prism288 jReagungsk 88 IRPUSELURISTYt #B S150% R ¢ i BRdbHeEAd 68 of frane
50 and bel ow secemtrexdted ng zunface A22. three fepencet pardkeo1i8d of housi ng

it e et e, Aoyl bl S
i it i u i .
Sl opi ng face 64 ¥ HAEECEPD F@t%?‘nr ?ﬁisggt?mré}esgécge@b%d-%ce 70 at one
edge of the priseerprbirdensizon fluid froc§1aPd withiia apprdgaxyetigie. 25 I n one
Ie_nrbtr)]di rr:slnt ok thoaw.esmhlte E@meN Tgi.i.@tfhd idat&sin atiegl@.i PR 2kBafe a(rjrbi ent

ight illumninate i i 0 AGE enters an
optical path ins?%fgbsﬁﬁeqafagﬁ%ac ‘one egehﬁg?ﬁ%&gnggggnént ,cg§e$g40 i's nmade

of a clear mater®eRreficbpe ditfgrepch hekrest tha refbremtve iigdexemdbring the
optical path threatgr coneendfhtion correlation for the High Temperature

DOT 3 and DOT 4 fluids.

30 The boiling points of a smaller number of £fluids
were also determined over a 1% to 6% watexr concentration
range. The relationship between boiling point and water
content as determined by Karl Fischer titration is shown
in Figure 3. The results from Figures 2 and 3 were used

35 to determine average water concentration and refractive



I n anot her enbodi nent of the present invention, illustrated in Fig. 13 B,
the light that illumnates a sanple fluid 47 on sloping face 64 a\rllvz Wt‘é@lﬁ
the 35 optical path is generated by an LED 71 situated under a lo g il

73 of critical angle prism38. The light from 2 0 JUL 2003 WO 001 45150
PCT/ USO0/ 0230A - 18 LED 71, emtted in all directions, first travels
through critical angle prism 38 and through sanple fluid 47 until the Iight
reaches a diffuse reflective surface 41 of cover 40. The light fromLED 71
is then scattered 5 fromdiffuse reflective surface 41 | &"%mghrectlons
For exanpl ewoaussuddral ity of sel ected ymr-all el beans 43 in 13B
reflected fromdiffuse reflective surface 41 back into sanple fluid 47,
refracts back into critical angl e prism 38 at face 64 and exits prism 38 as
10 an array of aII geams atte weeﬁl ng ‘;i; ﬁd once %ga n_at a face 75
of prism 38. Th ﬁxgﬁt FRF | WGCAEITT SRCArFE Ty POFLARY iRASEr FR%e 41
refracts back iPRD 3pendnPS8B 4tflaids anghese ulﬁﬁ?t‘-ﬁ-tlshér%m?{qs(?&ile‘éngle of
refraction. As 'Sklﬂé)\/mxalrﬁ 6t Figl3B, arorae st ¥ Sciwh st rage oiiliagdent on face 64

at the critical %%_ d8§§%x2%tng1€é§{a&r1b£'If:‘?*e:?'}%.lcefﬂii B384 fﬁ&,ﬁuse it is

totally reflect are incident on ce 64 at
angl es greafer ‘E*I‘ﬂar?oé"ﬁélﬁ??tl 3t ehdibe FFrdisethEludas FHeatd¥k to criti cal
angl e prism 38, edndedsid théenimimanl wet?2@ndedthedcddiay paioes64, therefore,

producing a_shagoulsleiga( B9tsciQey)odhulohst i vl %nghﬂeéﬂ paoghodigrent of the
present invention it 1s contenplated %‘R{Oeﬁ Frg\hci%rmnochr omatic LED 71

fits.into housiPRPAHE™SRE Bt VA ég%ﬁi‘r"-rlf’& t337¢%0 form an i mage
on the reticl e.st2nhdAébdgi¥o58Lies nBamidegendencie ofpsbedrefractivede panel s 52
aAnd Ng4 nextlo]EO ﬁic%l?e%?lofaﬁ@f QSBIrbﬁannBﬁ 39Sand |ljd$'-‘rt aat@ﬁ)égoni Bﬁalge 11~ ?Ed 1~
jor surfac 0 e oated_wi oating, us,
transform ng ﬁ) uf’fl\,\gggﬁfme?éagd %‘%r?’ateé ng éag rEAST OI’ﬁ”IE%&S JV@led e 58
into a one-pi ecBlig ﬁroﬁtmé‘élb]é’wéoﬁm‘h&lhfioﬁra% ighERE- | h Tagsthe ~ and 15. A,
the wedge- m rr odecxaBienati cie ixefaddicviedndices piicht thy ivhathsevstber 76 t hat

i s pivotally suppQnt qg gg @pm PSS dake SPRGEN, %@@egd%raﬁeedmfa@' s 52 and
54. In partlcul ar, V% ensJ ons _at ?%D}ng )Tg ends, of shaft
Tenber 76 157 ginGEHsE0sOREs 0oRasaEpe. dagd ! l%ﬁOFﬁf’éﬁ Weat in

not ches 77a andFigb 2 Asstdesteat| sve? thadraage faopeabdute|x tPi aluitng shaft
menber 76 has af sjmzer,,a{-_ggttened surface 78 and is allowed to rotate about

a |longitudinal axis r**?%tf‘l‘fsﬁ ?’Erhpe Q%stgdSb%ﬁeaﬁnggdg';%{ ts first

end 80 to upper flat enea su vot
Bi metal lic strifrbmatdveudptingsdderreasst PFe"\‘)‘é’r”é‘rdtBSr%ﬁ“‘l‘eelrattﬁ FHeeSpt i cal
axi s (x) of2ot heit gfasmibdeacterdesipe xbdrokd Entid2ebratiometalk| witlstaip 60 is

secured to a bi padsailel ehﬁerwm BPoVRRNScEdrMd cRadpRyd asE ayah@ad t hr ough

bimetallic stri gal h 381 seh 4.._Bi n%l stri 0 and spring
means 62 toget h€°n6RM"t% e bloé%le é’gg?ni;orroge%g |‘?1aa let nstitute the

t enperat ure con‘p@i%%ltflahdﬁe%‘f?&ﬁﬁﬁ @ Ehe geruket-he brake fI ui d
refractonmeter of 15 the present invention. Tenperature changes nake
bimetallicgtrip 60 bend and, therefg <8 isve the wedge-mirror conbination
in a rotational notion about the axis % ; shown in Fig. 14. Wien binetallic
strip 60 bends, FTewpédrmture ceefifdohent rndf dispexsidretinceraienddués

Temperature has a large effect on refractive index
measurements and must be controlled or corrected very
carefully. Aqueous solutions generally exhibit a

30 temperature coefficient of -0.0001 to -0.0002. The
temperature coefficient of organic liquids is
approximately -0.0004. Such a coefficient corresponds
to about 0.5% change in concentration per degree
centigrade. The temperature coefficients of new DOT 3,

35 High Temperature DOT 3 and DOT 4, brake fluid were

' identical. The average temperature coefficient of a



20 and 88 of pivoting shaft nmenber 76 and spaced apart side panels 52 and
b4 of franme 50. Furthernore, the binetallic spring 60/set screw 84 29 JUL 2003
conbi nati on exerts the force on binetallic strip 60 opposite to the
direction in which binetaallic strip 60 bends. Therefore, 25 adjusting set
screw 84 up and down allows to calibrate the refrqgactoneter. The

cal i bration procedure of the present invention conprises the follow ng
steps. First, using a first calibration fluid with a known water content a
user 30 observes a position of the boundary between dark, éyﬂ% % t areas on
the reticle WOWHHAN by line Ain Fig.23-5 B . |f boundar s bel ow
the readi ng corresponding to the known water content (I|ne Zin Fig. 15 B)
an adjustment is made by rotating screw 84 35 which) in turn, rotates wedge

58, as can be s IS ndary A lies
5%8 S0 2005 vio TUPIERE S g popdd MaRE L5,00 lgb%\i}%’ L%rgﬁgltigg%: a di stance
d=0. 5x( Z- A) =0. 5 Tenp§rarpre tfé’e€§§§1%fe|‘?af:ﬁea¥?nsﬁ°am MR ater ERBRE 9 oduces

boundary A aboverig.né.Z) Tuwedoy b8ck scadhastmktbyfs€igw 184 Codutinat4 boundary

next step of | he Earrhrati o 'f?%‘e%tﬁ%éafée“‘%éa‘%ﬁ‘*’fg 50 by rotating a
screw 85 (shéwn ¢ ’rfagﬁrﬁnti%l m?Sr?ﬂ‘éﬁe 5855%’6\ é‘f’ﬁ%\nfég ﬁﬁ/h ine Z
Next, using a semmdteéaedmmh%rﬁlﬁidﬁ d tfhesgmf,ﬁ@ceamm)rfatlilowmmedure is
r epeat ed. The ca&ﬂeb&ahggnoprgzﬁ,qdurgod orgpeatedsgat tb-Syhe eaki bration

requi renents ar eevr%z ot}efhégp ,K.KBQEE&‘Ee %g}e%lﬂg g%tsarrgl e fluid

deposited on f act port| on of that
| i ght gets total CF%Ferré‘FFéét%% -&t- 0P 34@5/ q‘hé"b@t REPTRET tiFdHe oPE t4he | i ght

whi ch was nafo t oferdgeyratats erieFdithert tak:a\lﬁétselt}i‘lltﬁlﬂgbctsr itthieC@hamdged € prism
38, then througlr})gvetqlgerggréa&qvleegﬁd&g B %&F"Eh%“tbgﬁ&? ﬁﬁhﬁsr%'nﬁlge 92. As

illustrated in e on reticle rises ark area

ma
93, correspondi nbeq'lp&rtaﬁ‘ér‘? Cﬂ%ﬂ#ﬁ g’é‘ﬁré’c?‘f“ﬁﬁt e&ﬁeﬁfm{ EPPRES- and a
| i ght area 95, cBraagspohbé ripmperaherd |cg>hﬁfmanxtg|sngyal|mmtethcl e 92.
Reticle 92 corrpréaﬁ@s At VAR PosehB16 Y QePisdid BimBLKSt&eratReadi ng to one

or nore pargnpeters mpe sggh uI fsi{(‘;{rf‘% tg‘gcg %sac f%gtgéao@alt%e ér 0l I | ng poi nt

or a water cont en? es up

reticle 92 at suwe&tﬁfﬁPk Ft‘-’ﬁ%‘t acBY?‘@‘pGﬁEBe‘F‘t?ttel’i’efﬁéa%‘%wpéﬁab‘a?"%rret ers ina
particul ar hydr athangek| im dche3Grelfnadtiorer éfidimdsonmt all odf tthe pasbstipt
invention it is gopLappl aigdd hat a single apparatus can be used to test

di fferent kinds of h dr lic provi ded t retigle. .92 conprises

di fferent scal es corfedp ?l%?%d‘mPSr‘b%rftT BFERTTH & ab?’?)&e ﬁclt‘ﬁ 48 Such a
reticle can2fe olimgmvgred canshiimpheprnfedndn dehy greserprinventpre, ivne of the
enbodi nents of tfmeiretoastateiddéepefsicne ppEsmitision reflects the

change of the refractive indices with respect to the
wavelength of the incident beam of light, dn/dA. If the
dependence of refractive indices on the wavelength were

25 not constant, it would be impossible to get a reading on
the scale of the output device of the refractometer in
the form of a sharp boundary. Dispexrsion would cause
light of different wavelengths to be refracted at
different angles, therefore, producing a multicolored

30 boundary incapable of indicating a particular value
corresponding to the refractive index.

It turned out that in the tested brake fluids the
ratio dn/d\ remained constant for different formulations
of brake fluids. Therefore, the reading formed on the

35 reticle of the refractometer was in the form of sharp
boundary between light and dark areas. Such a reading is



2 8 JUL 2003 WD 001 45150 - 21 - PCTNS0010?304 invention conprises a reticle
120 shaped as a cube or a rectangular prism as illustrated in Fig bﬁ 5
In this enbodinment reticle 120 is rotated in the refractoneter by 4 8145003
122. Side faces of reticle 120 conprise 5 scales that correspond to
different types of hydraulic fluids. As shown in Fig. 15D, faces 124 and
126 of reticle 120 conprise scales 121 and 123, respectively. A user wll
see such a face of reticle 12G that coincides with an i mage pl ane on which
an image is 10 forned. Therefore, the user will be provi | a reading
correspondi MP®YSR particul ar type of thydraulic fluid O'ﬁﬂ’gﬂgdgaofsgt coi nci di ng
with the i mage plane. By turning knob 122 a different scale is placed into
i mge plane and, therefore, the sane refractoneter 15 can be utilized for

measuring a boi g%gg%%qngguo 12 %}qc&%ggg@%o%egﬁsghul?% brake fluid.

In yet anot her t a single refrac er ysed for, testjing

vari ous hydraul V@l¥¢sii%s tP%tE?e(ﬂC(?“Egg?% < §’89§’ﬁaﬂé3dl,i’°éi“i‘$ IRPSPFELRY i n Fi gs.
15 E and 15 F. Ardke rilniids mdassgelecsy ter refpacuhmegetrooflitheer ent types of
brake fluids, isdepiiCtiadetiddie reticle. The reticle can be rotated around
axis L by a knob 130. An inmage area 132 conprises a scale that corresponds
to a parti ca? ar hydraulic fluid and can be viewed by a user. 25 \Wen
properties of another brake fluid ar EXM®bBred by the refractoneter,

reticle 92 is rot ats‘i:gifé’ri\txﬂ%eé\i‘e% 2RRY ORI ALG FGELEn gﬁ'aﬂﬁsf#di%ed I n1mge

area 132. In a situation wien a ré’fractorreter is used only Tor a certain

ki nd of hydraulic fl|Nsaduremersar ofi gati3$xr mootvedednd blidiky tpodhtsevter al

][ef ract onpt ers. dE@f&@{t wg‘%@cﬁ‘?a&oﬁﬁé r%_ﬁnmlgnaeglyéﬁ? Iaaﬁwcal i brated
or use Wi a particyl ar rauljc flu e user selects _the

ref ract omet g? ,c%i}’%é%g’r?ﬁgﬂgy’trb % ﬁ«g°f‘§/paé" of-25SF I&jujis"‘d'tte%a‘f'l%éé'(?%eﬁé tested. 35

It is inportant Ob¥ieyivasineraaiatdifieihey newnbeska fleidonpensating neans in

the formof a orefractohedbl QDN /05 1804 AT /Ad5@hIR8the s2We pi €CE

mrror-wedge coplNaldQl §RURlM ! B AcdiATREAL! ixfhé‘r%ﬁggrrﬁoqr;éhig?%r@ novel

device for the proper_tenperature, coppensai| on function

refractonet er o FRALHEESBRE- | Hrehfi HPOTERRE e FREFEERER 7P of the 5
wedge- mi r r 015 coriskabliishn that ribes ept idrl pargpeariatewfat new" gnd he beam of

i ght travellinguke@mMyrakeCtidiidsatnat HarePEhs Bt WakertihreRdgsy&8 in a

ratio of 2 to 1. .Figs. A dB:.tQE)]\ﬁ(5 i.agr i_call d " havi ng
surface 74 proﬁ"%%rvﬁ 'g‘[_i n cple &ct veﬂgg’gf?nnm%f%%ﬁgxi\gﬁﬁﬁgsrat ed in
Figs. 16' A and ICOTEeSRAREANTHe @& Fﬁsve%s*clreaflat%seak dayidesithheam 96

devi ates 2X degrce_esairr mbésta;y_eemifomtqm:ahﬂi 0. a I"ﬁxsedr'flarascdﬂubd_ wedge 58
vere not cogded b heid sahb 66ddcka e 892 td N %arBE £ G WOkkerfgng Nirror,

then rotation the dage b degree would lead 1 an_anqul ar

di spl acenent of ?f’ﬁé\ﬁb%é% é? 1%%tgef‘F%cﬁaic&ﬁm%?erl'o(f[eng .r%ﬁ%jé‘& a | arger
angul ar di spl acérEantion whl (rhaw §he \arrest prabings §PT SYFEOMEI ng a
narrower range ®kalké akeiBlkuffbnt ehracin el Aff cosstedebyatédtingetiansal e t hat

(s normal 1y usedyline 20,8 LaGhaBL e e fientOOl AN G hgoause a |ar ger
e

angul ar di sgl acenenf_carri over t I stance between a focusing | ens 90
and reticl e292 SE5IPHSMENESr ger span of an inage on the scale of the
reticle. Turning now to the chart of Fig. 7, it can be seen

that the data therein represent the measurements of the
refractive indices and temperature coefficients of
"used" brake fluids, the same optical properties that

30 were measured and presented in the chart of Fig. 1 for
“clean" brake fluids. The wmaster cylinder brake fluid
water content of 131 vehicles was analyzed. The
reservoir cap of all the vehicles tested recommended DOT
3 Brake fluid. A histogram of the results is shown in

35 Fig. 8. The average water concentration in the vehicles
tested was 2.6% +/-1.5%. The vehicles ranged in year



The sane mrror serves as an inmage inverter in the 25 refractoneter. As
illustrated in Fig. f1, a portion 4 of a beam 2 that previously was totally
refl ected on the boundary between the sanple fluid and the criticaf§dblgl2e03
prism 38 (the upper dark portion) and a portion 6 of beam 2 that was not
totally reflected (the I ower light 30 portion) change places after beam 2
is reflected by the mrror 8. The upper dark portion 4 becones the | ower
dark portion 4a after reflection) the lower |ight portion 6 becones the
upper light portion 6a, thus, achieving inversion of thegd sfgat a user
will see on WOWAS eticle scale. 24 JUL 2003 WO 00/ 3’9@%9@0%%00/ 02304
- 23 An alternate enbodi nent of the present invention is illustrated in
Figs. 18 A-1~ D. In this enbodi nent a pivoting shaft nmenber 100 has a

cylindrically shapaigaticahsportia-10e @guﬂg&whep@&ﬁctl«agy@paaced ends: a
5 first end 106 anda7econ 3 bimetallic strip 110

is attached to &4 st e‘hd’efb’ﬁ oth? B‘F 2% wakigZt EORET e M2F00: 4 *rhé ot her end
| 12 of bi et al §d%c oft the vEh@cles atheamhasutel avatepreonremganads 114. In this

enbodi ment When PRkl than 3811 PrlekRybends gst%eiae &0 thehangeL Y
t enper at ur e, 0&?&2' ies a rotati onal irst er}&)gl% of pivoting

shaft nenber > |cHaE%ijsc8§ F?ﬁ eﬁ"‘le(?%eﬁfgharbﬁé 'pl'&%e Y& mirror
conbi nat i on 116,emﬁérwfe,reéiwmmﬁgngenwtatqﬁr ém%ﬂﬁierﬁ)@éfti*d?rakﬁ t he
refractoneter. 1Hiddher enbodi nents of the brake fluid refractoneter of the

Gl emont , but as two S8pa aracabi e rehni Soac 4 rr R d e oo 1o

and 20. Fig. 20 ¥AYalf¥ ééma%%c,t@ SAMBHE 38 - wedge 58 - nirror 20 200
conbi nati onivhat magnifies the inmage 10 times, as opposed t® a 7 fold

magni fication i r‘sxﬁﬂe@?ib&@naigg%ﬁlﬂﬂ@“céﬂ:xl:'oﬁ i sanE‘Jle 26 dpphcts the
prism 38 -wedge 5 ination W.th gh hot focusing |ens

system The tel e’prh(ﬁ"g f%c’um ﬁ@r?e'ﬁ‘f BostRfgarigge 8t Fhe i mag~a
at a shorter di stankoess el dhsesatrdelsr gRetFihyitgds &6 ranyt m@elplllsrfy
manuf act ured to iie dheuarsllyisik0 acdlensbbad doraephedet afddrgedigitazed) such as

the housi ng,ERNUESCLUEELC! Qe 0OLAYE %ﬁérﬁ%{] el 63% {dent SRl e

cont enpl at ed "t hat ract onet er. s of the pr esent
invention is protATedhe cfBtREF SFEHeChEeTH Z:‘FF ns on how to operate the
refractoneter. |n pafbecddtar shewnusier Figl | 1 dnicisties tldd seopteposit a sanpl e

of the hydraul i crdddiafeshds cs1bEl nwlgesi@d:da@aae§wéﬁ%t@¢,etﬁﬁeﬁrI tical

| | d " \ h
hoent Tve concoptediteBrp] SakaL b Al YA IO IR L4368 10 D008 wo

001 45150 PCEPUSOUFdsdea. - Npqattepie wBF 'B?‘Eﬁ ﬁ&r?lgﬁﬂqn‘ilﬁtﬁh%e%‘feﬁnw t hout
departing from tésmngprdi D0TaAdasd dhighoenreraueeeh0T | Nueetli brekes defi ned by

the appended cl agiBidas. 2a &udlk £803he used brake fluid data falls
between the curve fit lines for clean standard DOT 3 and
high temperature DOT 3 fluids as shown in Fig- 1\ .

25 The refractive indices of the "used" brake fluids
fell within the range of 1.43907 to 1.44588, which is
practically identical to the range of the refractive
indices observed for diluted brake fluids in Example 1.
Moreover, the "used" and diluted "clean" brake fluids

30 containing the same percentage of water had '
approximately the same refractive indices and
temperature coefficients.

Therefore, examples 1-4 show that optical
properties of a wide variety of commercially available

35 brake fluids used in different wmakes of cars are such
that a single measuring device providing accurate



25 What is claimed is: 1. Arefractonetric apparatus for use with a
hydraulic fluid, conprising: an array of photosensitive elenents, the array
bei ng | ocated al ong an optical path; a prismlocated al ong the optdfcHiL, 2i0he
prismhaving a face for contacting a sanple of the hydraulic fluid, the
prismbeing |ocated to receive light for illumnating an interface between
the sanple and the face of the prism whereby a transition between |ight
and darkness is fornmed on the array of photosensitive elenents at a
| ocation dependent upon the refractive index of the sa y I ned
optical el em®@%BY%at ed al ong the optiwal- path bet mennﬁrﬁmgﬁlﬁ?ﬁggnd t he
array of photosensitive elenents, the conbined optical elenent refracting
and reflecting light received thereby; and a tenperature sensitive neans
operatively conngcted to conbined optical el enent, f.ar. noving-the
conbi ned opti cal & enent o% nmeilreeg;%?\esngtalgggt% weartgfu?%gc%oalﬂdgg B35S to
conpensat e for tefpdreabypke dHarngescasy bgl designgdt heTlptRxssenpat h i n response
to such changes; inheitdby ififlet@hes wHenbeicigfleshel hysiaitedcoy| ui d can be
deter m ned Trom Lpgnlaeat P bhacd 3054 B0k ar ray of

e e cP 5

phot osensitive e nts. 2. apparatus o arm urther conprising a
focusi ng meafs for fOMFARS APY RBGE Dn 1t hethdea)s of PP Po HEASR t i ve

el enents, the foflusidigefeartoneecenglsicfuabepralseny idmeerapiboncal path bet ween
the conbi ned opt iGalrigliageNtorang: LOE ndLERYy A RRAt 23 efjidulVBefdGigENTS. 3.
The apparatus of .claim.? V%‘IEI’EI n tt}ﬁ t enperature segtlve means provi des
tenperat ure conpeREHiS & * c TV EEFoHAANGTt B E et att RE (HdBRY t enper at ur e
coefficient of achyhrdentctydeui duol tasi nfor remagplef a gli®ad sutPuto - 50x10' 5
[C 28 34 2603 devills anpeH AUswofa Glsdirntd, vithedenrifig tt enperature
sensi tive means gonpriaes, dicnehal ldigs aprher and, wher el p e, Gambi ned
optical elenment Conprises a wedge npu ted o pi votgff ot | OR-2% The

appar at us of cl aP¥n%e RREFEI inKenticilgEhelophivdsaubiq fdatidith a refl ective

refractometer with a digital output reading device can

comprise an array of photosensitive elements for sensing.
15 the amount of illumination of the array by incident
light.
As illustrated in Fig. 132, housing 12 includes an
elongated cylindrically shaped handle portion 16 and a
reference portion 18 having first and second sloping
20 surfaces 20 and 22, respectively, and a hoxrizontal
surface 24 extending and meeting with spaced apart side
walls 26 and 28. Sloping surfaces 20 and 22 and spaced
apart side walls 26 and 28 join with cylindrically
shaped handle portion 16 to form one-piece housing 12 in
25 which optical elements of refractometer 10 are to be
disposed.
First sloping surface 20 includes a protrusion 30
baving a through bore 32 which is adapted for receiving
2 hinge means 34. Second sloping surface 22 includes a
30 rectangular opening 36 that allows to deposit é sample
fluid on a surface of a critical angle prism 38 (shown
in Fig. 1%) disposed inside housing 12 and described in
detail below. Hinge means 34 in the form of a rod is
provided for pivotally connecting cover 40 to protrusion
35 30 and to allow cover 40 to be in an open position when
a sample fluid is being deposited on the critical angle



coating. 6. The apparatus of claim1, wherein the face of the prismfor
contacting the sanple of the hydraulic fluid is disposed toward anbi ent
light. 7. The apparatus of claim1 further including a |ight sourcg§dbld 2003
wherein the prismhas another face di sposed toward the |ight source. 8. The
apparatus of claim2, wherein the focusing neans conprises an objective

|l ens. 9. The apparatus of claim2, further conprising a frame, wherein the
prismand the array of photosensitive elenments are nechanically coupled to
the frame. 10. The apparatus of claim9, wherein the tenRgrabdsRsSensitive
nmeans conpri Y8841 netallic strip, aldet screw engaging the bimetallic
strip near a first end of the binetallic strip, a spring for biasing the
bimetallic strip against the set screw, and a shaft nenber pivotally

mounted to the fhaug agd QPer aiby&l Yodlit ashed ke &é%q\gieemiqf the
bimetallic strip, the copbi ned opti el enen g attached to the shaft

cal el bel

menber for rotati3En EHRIERREAHTEL 10 ,&%F're‘fﬁ)t&clagr ARG wat¥B cont ent i n
hydraul i c fl ui d 4orprssstyy afhewstsEppedf spifaciengsa smhplieand 4 trdikgdraul ic
L | ;Ji d ontﬁ face s(.lﬁfrfacﬁrié b2k aged %hﬁb%afénﬂrﬁ icloh g Mﬂd&saﬁ'?! rﬁze][face_ |

etween the sa n e pris [ varj ous angl es. of incidence,
wher eby a po tirrpcﬁ‘i‘%ogq‘t%g]]or’i’%ilagﬂﬂwlthﬁﬁt cﬁg‘éerr 2\&” éit’é'ﬂl{"z’te fﬂ%s?chterface and
anot her 2 8 Juos20bsn27 portion of the light is transmitted through the
interface, the respeetivingabhi ehFikei ng, dapardensusipgnibhenhdf ractive

i nd f th )l e ' ! j ' f Iight
by means of a cORSLREH GitTRar el PR ant 30 R0ars fla PRCLASHABRT O 11O

optical el enent 38kt Fide M3nehe 23 iAdcAt caTBREERT i tmBHEPRECHEARdent upon
t enper at ur e10 andedet Beamen ot bervee asoat rerepticle gitr @ptanadrray of

phot osensi tive. el1ghBAtsS 40 tHel SEFINRR oRet &CALRABr P18y A0Sk %ﬁbet ween

| i ght and darkness on_t he array,_wheregby the.water, content of the sanple
can be deterni né’&”‘fsf"o?ré‘t P?ewﬁgggﬁadnaogl‘i(%teaqﬁf'ﬁnﬁﬁpo onPRe® array of

phot osensi tive &limgtpllic BPrifgcvenmshbd- of Criltirad 1anglgherdsm Ihdshydraul i c
fluid is brake fdidpB8sed within frame 50 between spaced apart side

15 panels 52 and 54 in such a way that a sloping face 64 of
critical angle prism 38 is situated in between two
sloping ribs 66 and 68 of frame 50 and below second
sloping surface 22 .of reference portion 18 of housing 12
having rectangular opening 36. A sample fluid is

20 usually deposited on sloping face 64 of critical angle
pfism 38 through rectangular opening 36. Sloping face
64 of critical angle prism 38 meets a second face 70 at
one edge of the prism and meets a third face 72 at the
opposite edge.

25 In one embodiment of the present invention,
illustrated in Fig. |3A, ambient light illuminates a
sample fluid deposited on sloping face 64 and enters an
optical path inside the refractometer. In this
embodiment cover 40 is made of a clear material which is

30 transparent for ambient light entering the optical path
through cover 40.

In another embodiment of the present invention,
illustrated in Fig. \3B, the light that illuminates a
sample fluid 47 on sloping face 64 and enters the

35 cptical path is generated by an LED 71 situated under a
lower face 73 of critical angle prism 38. The light from



13. The method of claim 11, wherein the position of the conbined optical

el ement changes with tenperature to provide tenperature conpensation
corresponding to a refractive index tenperature coefficient of a h;?(ﬂrJHhIZﬂ[Iﬂ
fluid within a range of -30x10'5 / Cto -50x10'5 / C. .AS. A(.AT.A .A @A@A
A DA AY A (L?OA (L, 7. ASAFLAFY. A A@G. A(& AL A@ . A9l . ANDY. Ah. A (T Y. AL. A& A% A
E% # 2
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L10%yFy& ()30 transforming wedge 58 into a one-piece mirror-wedge

1090V () - "WU3! | -Sdfefala& ()--& “SF109%5& ()--& ~ SF10%*i +i & ()--& ~ SF10

%r+& ()--& 1 SF1091 Y& L) 455 182/@0]&\- (a)na_ﬁ-A, the wedge-mirror

combination is attached to a pivoting shaft member 76

that is pivotally supported at both ends by spaced apart
35 side panels 52 and 54. In particular, rod-like
extensions at opposite axial ends of shaft member 76
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seat in notches 77a and 77b in side walls 52 and 54,
respectively. Pivoting shaft member 76 has an upper
flattened surface 78 and is allowed to rotate about a
longitudinal axis (a). A bimetallic strip 60 is
5 attached at its first end 80 to upper flattened surface
78 of pivoting shaft member 76. Bimetallic strip 60 is
suspended or cantilevered parallel to the optical axis
{x) of the refractometer. The second end 82 of
bimetallic strip 60 is secured to a bimetallic spring
10 means 62 which applies a load through bimetallic strip
60 against a set screw 84. Bimetallic strip 60 and
spring means 62 together with a one-piece wedge-mirror
combination constitute the temperature compensation
mechanism utilized in the brake fluid refractometer of
15 the present invention. Temperature changes make
bimetallic strip 60 bend and, therefore, drive the
wedge-mirror combination in a rotational motion about
the axis (a) shown in Fig. i%. When bimetallic strip 60
bends, its has to overcome the friction between ends 86
20 and 88 of pivoting shaft member 76 and spaced apart side
panels 52 and 54 of frame 50. Furthermore, the
bimetallic spring 60/set screw 84 combination exerts the
force on bimetallic strip 60 opposite to the direction
in which bimetallic strip 60 bends. Therefore,
25 adjusting set screw 84 up and down allows to calibrate
the refractometer.

The calibration procedure of the present invention
comprises the following steps. First, using a first
calibration fluid with a known water content a user

30 observes a position of the boundary between dark and
light areas on the reticle as shown by line A in Fig.
i5B. If boundary A falls below the reading
corresponding to the known water content (line Z in
Fig. \8B), an adjustment is made by rotating screw 84

35 which, in turn, rotates wedge 58, as can be seen in
Fig. Wb A. Screw 84 is adjusted until boundary A lies
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above line Z at a distance d=0.5x(Z-A)=0.5 x ad. In the

case when the initial measurement produces boundary A

above line Z, wedge 58 is adjusted by screw 84 so that

boundary a moves to a position below line Z at a

5 distance d=0.5x(A-2)=0.5xad.
The next step of the calibration procedure is to

adjust lens 90 by rotating a screw 85 (shown in

Fig. |5 3) so that boundary A coincides with line Z.

Nexé, using a second calibration fluid the same

10 calibration procedure is repeated. The calibrétion
procedure is repeated until the calibration requirements
are met.

After the light passes through a sample fluid
deposited on face 64 of critical angle prism 38, one

15 portion of that’ light gets totally reflected at face 64.
The other portion of the light which was not totally
reflected then travels through critical angle prism 38,
then through wedge 58 and lens 90 to form an image on a
reticle 92. As illustrated in Fig. \5C, the image on

20 reticle 92 comprises a dark area 93, corresponding to
the totally reflected portion of the light, and a light
area 95, corresponding to the light impinging upon
reticle 92. Reticle 92 comprises at least one scale 97
with marks corresponding to one or more parameters to be

25 measured, such as, for example, a boiling point or a
water content of a hydraulic fluid. A boundary 99
impinges upon reticle 92 at such a mark that corresponds
to the measured parameters in a particular hydraulic
fluid. ]

30 In the refractometer of the present invention it is
contemplated that a single apparatus can be used to test
different kinds of hydraulic fluids, provided that
reticle 92 comprises different scales corresponding to
different hydraulic fluids. Such a reticle can be of

35 different shapes and designs. For example, one of the
embodiments of the refractometer of the present
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invention comprises a reticle 120 shaped as a cube or a
rectangular prism, as illustrated in Fig. V5 D. In this
embodiment reticle 120 is rotated in the refractometer
by a knob 122. Side faces of reticle 120 comprise
5 scales that correspond to different types of hydraulic

fluids. As shown in Fig. \5'D, faces 124 and 126 of
reticle 120 comprise scales 121 and 123, respectively.
A user will see such a face of reticle 12C that
coincides with an image plane on which an image is

10 formed. Therefore, the user will be provided with a
reading corresponding to a particular type of hydraulic
fluid on a scale coinciding with the image plane.

By turning knob 122 a different scale is placed
into image plane and, therefore, the same refractometer

15 can be utilized for measuring a boiling point and a
water content of a different brake f£luid.

In yet another embodiment of a single refractometer
used for testing various hydraulic fluids reticle 92 is
disc-shaped, as illustrated in Figs. |G E and \5F. A

20 number of scales, corresponding to different types of
brake fluids, is depicted on the reticle. The reticle
can be rotated around axis L by a knob 130. An image
area 132 comprises a scale that corresponds to a
particular hydraulic fluid and can be viewed by a user.

25 When properties of another brake fluid are measured by
the refractometer, reticle 92 is rotated so that the
approﬁriate scale is positioned in image area 132.

In a situation when a refractometer is used only
for a certain kind of hydraulic fluid, a user is

30 provided with a kit of several refractometers. Each of
the refractometers is manufactured and calibrated for
use with a particular hydraulic fluid. The user selects
the refractometer corresponding to the type of a fluid
that needs be tested.

35 It is important to emphasize that having

temperature compensating means in the form of a one-
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piece mirror-wedge combination coupled to a bimetallic
member provides a novel device for the proper
temperature compensation function of the refractometer
of the present invention. Coated surface 74 of the
5 wedge-mirror combination increases the angular deviation
of the beam of light travelling from the critical angle
prism 38 into the wedge 58 in a ratio of 2 to 1.
Figs. \bA and B show diagrammatically wedge 58' having
surface 74' provided within reflective coating 94. As
10 illustrated in Figs. lb’A and (6B, when the mirror 58
- rotates X degrees, beam 96 deviates 2X degrees from its
previoué position. If surface 74' of wedge 58 were not
coated with a reflective coating and did not work as a
mirror, then rotation the wedge by 1 degree would lead
15 to an angular displacement of the beam of only a
fraction of 1 degree. Also, a larger angular
displacement of the beam solves the problem of
stretching a narrower range of brake fluid refractive
indices over a larger scale that is normally used in
20 refractometers for coolants, because a larger angular
displacement carried over the distance between a
focusing lens 90 and reticle 92 provides a larger span
of an image on the scale of the reticle.
The same mirror serves as an image inverter in the
25 refractometer. As illustrated in Fig. |{, a portion 4 of
a beam 2 that previously was totally reflected on the
boundary between the sample fluid and the critical angle
prism 38 (the upper dark portion) and a portion 6 of
beam 2 that was not totally reflected (the lower light
30 portion) change places after beam 2 is reflected by the
mirror 8. The upper dark portion 4 becomes the lower
dark portion 4a after reflection, the lower light
portion 6 becomes the upper light portion 6a, thus,
achieving inversion of the image that a user will see on
35 the reticle scale.
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pivotal shaft member 100. The other end 112 of
- bimetallic strip 110 is attached to a spring means 114.
In this embodiment when bimetallic strip 110 bends due

10 to a change of temperature, it applies a rotational
- force on first end 106 of pivoting shaft member 100
which causes rotation of a one-piece wedge-mirror
combination 116, therefore, providing temperature
compensation in the refractometer.
15 Other embodiments of the brake fluid refractometer
of the present invention comprise a mirror 200 and wedge
58 not as a one-piece element, but as two separate
optical elements, as illustrated in Figs. \Q and 20.
Fig. 20 shows a three-piece prism 38 - wedge 58 - mirror
20 200 combination that magnifies the image 10 times, as
opposed to a 7 fold magnification in an optical scheme
shown in Fig. \9. Fig. 21 depicts the prism 38 -wedge
58 - mirror 200 combination with a telephoto focusing
lens system. The telephoto focusing lens system is used
25 to focus the image at a shorter distance, because the
brake fluid refractometer is manufactured to be housed
into a housing of a predetermined sized, such as the
housing manufactured for cooclant refractometers.
It is also contemplated that the refractometer for
30 hydraulic fluids of the present invention is provided
together with the instructions on how to operate the
refractometer. In particular, a user will be instructed
to deposit a sample of the hydraulic fluid that is being
tested on a surface of the critical angle prism.
35 It is appreciated that various modifications to the
inventive concepts described herein may be apparent to
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from the spirit and scope of the present invention as

defined by the appended claims.
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a prism located along the optical, the prism having a face for contacting a sample of the
hydraulic fluid, the prism being located to receive light for illuminating an interface
between the sample and the face of the prism, whereby a transition between light and
darkness is formed on the array of photosensitive elements at a location dependent upon

the refractive index of the sample;

a combined optical element located along the optical path between the prism and the
array of photosensitive elements, the combined optical element refracting and reflecting

light received thereby; and

a temperature sensitive means operatively connected to the combined optical element for
moving-the combined optical element in response to temperature changes so as to
compensate for temperature changes by altering the optical path in response to such

changes;

whereby the water content of the hydraulic fluid can be determined from the location of

the transition on the array of photosensitive elements.

2. The apparatus of claim 1 further comprising a focusing means for forming an image on
the array of photosensitive elements, the focusing means being situated along the optical

path between the combined optical element and the array of photosensitive elements.

3. The apparatus of claim 1, wherein

the temperature sensitive means provides temperature compensation corresponding to a
refractive index temperature coefficient of a hydraulic fluid within a range of -30x107° /
°C to -50x10 / °C.
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4. The apparatus of claim 1, wherein the temperature sensitive means comprises a
bimetallic member and wherein the combined optical element comprises a wedge

mounted for pivotal motion.

5. The apparatus of claim 4, wherein the wedge comprises a face with a reflective

coating.

6. The apparatus of claim 1, wherein the face of the prism for contacting the sample of

the hydraulic fluid is disposed toward ambient light.

7. The apparatus of claim 1 further including a light source and wherein the prism has

another face disposed toward the light source.
8. The apparatus of claim 2, wherein the focusing means comprises an objective lens.

9. The apparatus of claim 2, further comprising a frame, wherein the prism and the array

of photosensitive elements are mechanically coupled to the frame.

10. The apparatus of claim 9, wherein the temperature sensitive means comprises a
bimetallic strip, a set screw engaging the bimetallic strip near a first end of the bimetallic
strip, a spring for biasing the bimetallic strip against the set screw, and a shaft member
pivotally mounted to the frame and operatively attached to a second end of the bimetallic
strip, the combined optical element being attached to the shaft member for rotation

therewith.
11. A method for measuring water content in hydraulic fluid comprising the steps of:

placing a sample of the hydraulic fluid on a face of a critical angle prism;

illuminating an interface between the sample and the prism with light at various angles of

incidence, whereby a portion of the incident light is reflected at the interface and another
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dependent upon the refractive index of the sample;

refracting and reflecting one of the portions of light by means of a combined optical
element, the position of the combined optical element relative to the critical angle prism

being dependent upon temperature; and

detecting the one portion of light on an array of photosensitive elements to determine a
location of a transition between light and darkness on the array, whereby the water
content of the sample can be determined from the location of the transition on the array of

photosensitive elements.
12. The method of claim 11, wherein the hydraulic fluid is brake fluid.

13. The method of claim 11, wherein the position of the combined optical element
changes with temperature to provide temperature compensation corresponding to a
refractive index temperature coefficient of a hydraulic fluid within a range of -30x10 /

°C to -50x10 / °C.



