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Appamtus for optically coupling ami pressure sealing 
Sections of an instrumentation probe, one of the sections 
being at ahighprrssurr cryogenic environment and the 
other section being at ambient pressure. The apparatus 
includes a housing having a passageway within which 
elements arc mounted for precisely locating a rigid 
optical fikr coupler and the probe sections so as to 
optically connect and maintain the ends of the probe 

tim through the joint in two or more discrete channels. 
Aa adjustable positioning member acts to connect the 
external section of the probc to the housing in axial and 
rotation alignment with the interior section. 

t57l ABsrRAcr 

sections together to pennit signals to pass in both dircc- 

16 Claims, 1 Drawing Sheet 
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OPTICU PRESSURE !SEALING COUPLING 
APPARATUS 

ORIGIN OF THE INVENTION 
The invention described haein was madc in the per- 

formancc of work under a NASA contract and is sub- 
ject to the provisions of $305 of the National A a a n a ~ -  
tics And Space Act of 1958, Public Law 85-568 (72 Stat. 
435; 42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 
This invention nkta to cmtWAlg  optical fibax 

scaionsdIDDfCpl8l.hM~toopticrrlfikrcwpline 
appamlsprwidiaepraDllrrvrlinpatanopticslpint 
havkghighprrssmcayogenicmediaonolre*ofth 

2 
probe monitoxing apparatus under high pressure cryo- 
genic cotlditions through an intcrhx having & a t  
pressurr at the other side thereof. the coupling acting to 
seal the probe feedthrough while optically connecting 

5 sections of the probe at the interface so that two or 
more discrete channels are maintained through the con- 
necting joint. 
Accordingly, the present invention provides an opti- 

cal fiber coupiing apparatus for instrumentation feed- 
lo t h r o u g h a p p ~ t h e a p p a r a t u s a c t i n g t o ~ a h i g h  

promur cryogenic en-t at OM side of an opti- 
calcormectingjoinrfrananambicntprusurcenviron- 

of maIt at the other side while permitting trnnsrmsslon 
two or morcdhcnttopticalchmnir through thejoint. 

l5 nus, thecoupling acts to optwx~~y coll~ct asectionof 
the probe at th high presuae cryogmic ConditioIW 
With another d o n  at extanai ambicnt &xmdkim 
The coupling COmbiDes the functions 10 of txmnehg 

20 a n d ~ t h e p r o b e d e l i m i n a t e s  the need to provide 
separate- t sealing for the probe itself. The 
apparaw includes adjustable member for permitting 
axial and ro ta t id  adjustment of the exterior or moni- 
toring section of the probe for alipnmcnt with the mea- 

25 suring section of the probe on the other side of the joint 
so as tooptimizethetrrursmhsion of the optical signals. 

The coupling includes a housing having m ~ l w  for 
prccisdy locating a rigid optical 6ba coupler and the 
- ~ f o r o p t i c a l l Y  c==c-% . andmaintaining 

30 tbeendsoftheprobe~togethertopamit l igr t t  
sigdstopam3inboth directions through thejoiat, and 
p o s a n > n m g n K a m f o r ~ t i l l g t h e ~ s e c t i o n Q f  
tbeprobeto the housing nnd for adjustably alignine the 
cxtem8l3a2ticm with the mtanal section to maintain 

BRIEF DESCRIPTION OF THE DRAWING 
The particular feature3 and advantage4 of the mvcn- 

tion as well as other objects will beamcapparent from 
40 thefollowingdcscriptiont.Lminconncctionwiththe 

acompanying drawing, in which: 
Thefqwcisadkgrammarrc . c m a r s ~ v i e w  

partly brokcn away of a pnssnrr scaling optial fiber 
coupling n b l y  am#mc&d in acamhcc with the 

DESCRIPnON OF THE PREFERRED 
EMBODIMENT 

. .  

. .  . 

35 discrrtc optical chanads through the coupling. 

45 principles of the present invultioa. 

Refarins to the drawiug an optical coupling or light 
H, joint is provided by the present invention for m instru- 

maltation pmbe 10 proposed for monitoring the perfor- 
mance of a coqona~t, such as a bearin& m a + 
presson envimnment. spch asm the hlghprrsgun oxi- 

55 diza turbopumpused inthnuin~of thespsce  
shuttle wherein the oxygen is unda cryogmic CODdi- 
tiom at aprusurc in the order of 600 psi However, 
probe 10 may be utilized in enviromnentS in which the 

invent& to pro* * &)w-i@ for p r o a  may be exposed to internal prrssures in the range 
preJsure 
for m o n i m ~ g  at m h m t  dh opaat- ing a d  of the probe is dis- in the prcuurized cry* 
ing under high pruaurc cryogenic conditi- gcnic environment, while the exterior or monitoring 

It is mother object of the prrscnt invention to pro- end of the probe is at ambient pressure. It is therefore 
vide an optical pressure scaling coupla agamst a nccasary to maintain proper sealing to avoid leakage of 
high p n s e ~ r e  dif fmt ia l  with cryogenic tempaahues 6s the high pressure medium to the ambient pressure si& 

It is a further object of the pruent invention to pro- facial joint between the high prrssure side and the low 
vide optical p w u r c  sed@ coupling appmtus for a pressure side while optimizing the opticai coupling 

feedthrough ofa frba optic proa used 60 of from about 1 p9i to about 5.O00 pi. Thus, the 

at the high prasure zone. while permitting the probe to -d through the inter- 



3 
4,79 8,43 3 

4 
through the interface so as to provide discrete optical tially to the piane of the shoulder 46 formed where the 
channels through the joint. bore 16 opens onto the bore 18, and a cup shaped 

The outer end, Le., the monitoring end of the probe washer or the like 48 having a central bore disposed 
10 which is at ambient pressure extends away from a snuggly about the sheath 42 is positioned in the bore 18 
housing or fitting 12 which may be disposed within the 5 and abuts the bushing 44 at the plane of the shoulder 46. 
Outer wall of the pressure vessel (not illustrated), such The cup shaped washer 48 has an annular lip 50 facing 
as a turbopump. The exterior shape or geometry of the away from the bore 16, and disposed within the annulus 
f i h g  U is not critical since its purpose is to provide an and abutting the interior annulus of the lip 50 is the 
envelope or receptacle within which the coupling com- outside diameter of another split ring 52. 
ponents are assembled and disposed. Additionally, if 10 The ring 52 has a substantially central opening 54 
found desirable, the external wall of the pressure vessel through which the inner sheath 56 of the exterior sec- 
itself may be formed to have the receptacle for the tion of the probe extends, the outer sheath 42 being 
coupling componen& The fitting U includes three removed in this location so that a pair of spaced stepped 
concentric bores 14, 16, 18, the diameter of each of shoulders are formed on the outer sheath 42 for capture 
which is progressively larger from the inner bore 14 to 15 axially by respective opposed faces of the ring 52 in 
the outer bore 18. manner similar to that by which the ring 24 captures the 

The inner bore 14 opens onto the interior of the pres- sheath SO of the measuring section of the probe. COW- 
sure vesrel and the high pressure cryogenic medium quently, the adjacent ends of both the measuring and 
therein while the outer bore 18 opaw onto the ambient monitoring sections of the probe 10 are readily .and 
pruaurc environment. The measuring section or inter- 20 simply captured and held in the fitthg 12 with the opti- 
nal section of the probe 10 includes an outer protective cal coupler therebetween. 
sheath 20 within which an inner protective sheath 22 Disposed within the large bore 18 is a positioning 
carries the fiber bundles to the pressure vessel, the bore member 58 having connecting and adjusting features. 
14 having a diameter substantially qual to the outer The member 58 is an elongated member preferably 
diameter of the sheath SO which is disposed therein and 25 h a e g  one end portion comprising a cylindrical form 
entcnds into the adjacent intermediate bore 16. A key, having external threads 60 for reception within the bore 
slot or the like (not illustrated) rotationally secures the 18, the bore 18 being internally threaded. The other end 
probe within the fitting at the high pressure side. portion 62 of the memkr 58 has a reduced diameter 

D i s p o s e d w i t h i n t h e i n ~  * bore 16 is a cup adjacent an annular W g e  64 at the end thereof. The 
stupcd split ring 24 having a central opening 26 through 30 member 58, which cf€cctively is a nut, has a central bore 
which the inner sheath 22 a t c d s ,  the outer sheath 66 for receiving the probe therethrough. Rotational 
king removed in this location so that a pair of spaced adjustment of the nut by means of a grasping portion 68 
stepped shoulden arc formed for capture axially by the positions the nut axially into abutment with the ends of 
respective opposite faces 28,30 of the ring 24. The outer the ring 52 and the lip 50 of the washer 48. This posi- 
diameter of the cuppcd shaped ring 24 is fitted within 35 tions the monitoring section of the probe axially within 
the bore 16 so that this ring positions the end of the the fitting U Rotational adjustment of the probe within 
measuring section of the probe 10 remote from the the bore 66 of the positioning member permits align- 
apparatus to be monitored. A washer 32 may be dis- ment of the probe monitoring section with the measur- 
posed within the bore 16 about the outer sheath 20 and ing section of the probe for optimizing the optical COU- 
is forced against the face 28 of the ring 24 by spring 40 pling. Once the probe is aligned. a simple pressure ap- 
members 34 acting between the washer 32 and the plying clamp 70 securely locks the probe in place within 
shoulder 36 formed where the bore 16 steps down to the the member 58. 
bore 14. Thus, the cup shaped ring 24 together with the Consequently, an optical pressure sealing coupling is 
caphued probe section is forced in the direction toward proposed which provides the combined functions of 
the largest bore 18. The importance of this arrangement 45 scaling and coupling an htrumentation probe between 
will be rcadily understood hereinafter. a high prasure cryogenic environment and an ambient 

Dispoacd within the bore 16 partly within the annular environment while providing adjustable alignment of 
rim of the ring 24 remote from the bore 14 is an opticd discrete optical chanueh for amhized signal output. 
coupler 38 having a cylindrical contigumtion, the outer The coupling comprises rugged structural elements 
35 diameter of the coupler 38 conforming to and being 50 while securing the sauitive optical components inter- 
received within the inner aperture of a pressure actu- d y  therein. It should be undentood that the coupling 
ated type seal 40. The outer periphery of the seal 40 is arrangement eliminates the requirement of separately 
Subtantially equal to the bore 16 to resist leakage then- sealing the probe itseif against the pressure differential. 
b e e n  while the inner periphery sea& the coupler 8. and the use of the split rings within the bores allows 
The optical coupla 38 comprises a section of rigid, 55 dkasscm bling of all the components readily while per- 

coherent optical giass fibas, the fused glass fibax mining installation lcccss to the light joint. Addition- 
d h g  kdWe through the coupla while the coher- ally, the structure and spring members permit the opti- 
ent fiber arrangement transmits an image from one side cal components to maintain contact for transmission of 
d Y  through to the other side with little or no distor- signals by its vibration resistant construction. 
tion. ~nsequently, discrete light channels can be 60 Numerous alterations of the structure herein dis- 
P d  through the coupler to and from the sections of closed will suggest themselves to those skilled in the art. 
the probe on either side of the optical coupler 38. However, it is to be understood that the present disclo- 

At the low prrs~ure side of the coupler 38 the moni- sure relates to the preferred embodiment of the inven- 
toring section or ambient pressure section of the probe tion which is for purposes of illustration only and not to 

a porticm of its outer sheath 42 disposed within an 65 be construedas a limitation of the invention. All such 
annular SPac- Or bushing 44 having an outer diameter modifications which do not depart from the spirit of the 
S U b W Y  @ to that of the bore 16 within which it invention are intended to be inCluded within the scope 
is disposed The m g  44 a h g t h  extends substan- of the appended claims. 

. 
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Having thus set for& the natlrrt of thc mvcntion, onto a second of said bores, the second of said bores 
whatisclaim&lhaeinis: Opening remote from said lirst bore onto an end of the 

1. Optid pressure scaling and coupiing apparatus for third of said bores. the third of said bores opening re- 
coupling togaher a probe measuring d o n  disposed in mote from said second bore onto said ambient pressure 
a high prasurr cryogenic environment for meapUring 5 environment, said measuring section of said probe being 
data therein and a probe monitoring section disposed in axially disposed in said first bore and having an end 
an ambient pressure envirwment for monitoring the extending partly into said second bore, and annular 
data received from the mawring d o n ,  said appam- member dis posedin saidsecondbore and having means 
tus comprising means dcfining a housing, an axial pas- for Brasping and d y  capturing said measuring sec- 
sageway insidethehousmgax~baweenanendat 10 tion adjacent said end, an annular pressure actuated seal 
said Ingh prusurc envirOmaent to an end at sid rmbi- dkposcdmsaidscamdbom, s a i d 4  having anoutside 
e n t p r r s w r r t n v i m n m Q n t m e a n s i n s a i d ~ f o r  diamrtrr substantially equnl to the diamaer of said 
nceiving ad suppo&q said memniug sama at the scumdbom, acybdrical rigxloptxdcouplercompris- 
lligllprrssprrc4 l o c a i n g m e r n s i n s a i d ~ y  iugfusedcohamt g l o c r f i b a s d i s p o s e d i n s a i d ~  
forgmpiqgaddycrrptprhrllsaidmemringscc- 15 bonwithiuthcanndnsofsaidsalandadjaccntsaid 
tion aud for urging said lncahng SeCtioIl toward said end of said marslniDg section, said coupler having an 
a m b i e n t p r r s s m e ~ a n ~ d i n s 8 i d ~  optsidediamaa substrntialy equaltothe inside diamc- 
way having an otda paiphcry m salable -t taof said sad, an axidly adjustable positioning member 
with the paiphay of the y, a i @  opdcal dirposat within said third bore and having a portion 
couphr compiisine M w Z -  fikn dipposcd m ~outs idesa idhorrc l in& saidpositioning member 
in sealing engagement by the imra periphery of said having a substantially central passageway extending 
annlllarsealand~m.alrlerdof saidmonitorin g therethrough for pessing a portion of said monitoring 
section, axially rdjustabk mams in said pmgcway Section tkctbrough while pcnnitting a free end of said 
a d j a c c n t t h c ~ i m t p r r s s u n c n d f o r ~ a n d  m onitoring section to cxtald into said second bore, 
s u p p 0 ~ t h e ~ ~ ~ o f s a i d p ~ ~ -  25 probe capturing means in said third bore d y  posi- 
&mans msaidp8sqcway in- . sridcoapla tionedbysaidpoaitianingmcmkrrcialivelytosaid 

~ a b u u i u g s r i d ~  merslsh d y  dirpot for urging s8id d of said ulcmhig Section mto abut- 
&anadofdmonitoringsectioainabotmentwith#) mcntwithsridconplaand~compla~toabntment 
d c o n p l e r r r m o t c f r o m t b e ~ s c c t i o n  w i t h ~ f T & a d o f s a i d ~ s e c t i o n .  andckmp 

~ s c c t i o n i 3 m c l r r b l y p m a g e d i n s l L l u l ~ l e  tosaidpositioning mcmkr. 

andsaid &-le -for& ard.xLuy~ap scumd km for d y  Crptnring srid ~ O I & O ~  XC- 
trainesaidmoaitorine scctiorr, .rd saiddjprrrblt t i o n o f t h e p r o b e d j w x n t s r i d ~ ~ e n d - ~ m a r n ~  

2. Apprrrtlg r recited in d a b  L Whaeind mOmi- mans for locking said ~ g - ~  of the probe 

mcaua and may be rot.ted to .II opticllly 0ptimmn 8.Apparamsasrrcitedmclaim7~wherrinsaidthird 
~ a n d m e m s f o r ~ d ~  set- 35 borrharalargcrdiPmetath.nsaidsaxndboresoasto 
tion to saidadlllllllllllllllljmausatasdcctkrotataldis- define an annular shoulder in said third bore adjacent 
position. said second bore, said pmbecapturiitg means having an 

3 . A ~ a s ~ m c l a i m f w h a e h ! d l o c a t -  annular configuration inCluding..gn outer diameter 
ing means comprises an annuiarlocmbcT forgrarpins larger than said second bore and i face disposed for 
andcaptmringdmeapuringsectioa,andbiaingmans 40 abutment with said shoulda, and.;rpeans remote from 
for urging said annular mmba toward said ambient said face for abutment by said positioning member. 
prrssure end. 9. Appanuus as recited in cIaim7; wherein said bias- 

4.Apparaturasncitedinckim1,whrcinsaidad- ingmclarisdisposedinsaidsecondboreforurgingsaid 
justable means a d  said -y inchde axqcrat- annularmemkraxiallyin adirection toward &id third 

saidadjustabk~insaidpamgcway. 10. Apparatw as recited in claim 9, whenin said 
5. Apparrros m recited in ciain 4. wherrin said ad- SecOadborehasalargerdiamctQ thansaidfirstboreso 

justable m a n a i n d o d e s a b o m f o r ~ s a i d m o n i -  as to define an annular shoulder in said second bore 
toringseCtiOnnadpamittinedmonaonn . gsectionto adjacent said fintborr, saidbiasingwansacting b e  
krot.tcdrrlrtivetbattotosnnyoptimPm50tweensaidshaouldaandsaidannularmcmber. 

tlon to said dj0lt.bltmclns.t asdcctivemcrtcd c b  damp nreans iS disposed aterrully of said housing. 
position. 13. ApIwrrtos as recital in claim %. wherein said 

6. Apparaammrscitcdinchimf, wbcinsaidlocat- probe captwbg means includes a split ring. 
~ g ~ ~ s n m n n l r m a n k r f o r ~ 5 5  l3.Apparabmasrecitedinclaim7,whereinsaid 
a n d c r p h p i n s s i d ~ s & t i a n , a n d ~ m a m  aunular member cOmpriScS a cupshrrped member hav- 
for urging said u m k  nremkr toward .mid ambient ing a rim ovainying said coupler. 
prcgurecnd. 14 Apparatus as recited in claim l3, wherein said 

co@bgtogethaaprobemeamrhgsecoiondisposedin 60 IS. Appnratus as recited in claim 14, wherein said 
ahighprawecryogenicmvironmcnt formaxdug secondborehasalargcrdiamctcrthansaidfirstboreso 
datathaeinandaprobemonitoringscctiondbposcdin a~ to deiine illlllular shoulder in said second born 
an ambient prasnrr environmmt for monbring the adjacent said first borc, said biasing means acting k- 
data received han the meamring Jection, said appua- twem said shoulder and said cupshaped mem- rr- 
tus ComPIjsjmg mans defining a housing having three 65 mote from said rim. 
substantially axially aligned bores exMding there- 16. Apparatus as recited in claim IS, wherein said 
through, a first of said borrs opening at OIY end onto 
said highprrsnmemmomemr d a t  an opposittmd 

- 

h g  thrad.ble means for pammme d d u t  Of 45 km. 

~ t i o a 4 n d ~ f o r ~ s r i d ~  SCC- 11. Apparrtps rrcited h claim 7, W- said 

7 . ~ p r r s p m c ~ d c o n p i i n g ~ f o r  cupshapedmcmbcrcomprisesasplitring. 

probe capturing means includes a split ring. * * * * *  


