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PRESSURE TRANSDUCER 1.+  Fi'eld of t he inventi‘on: This invention relates in
general to nonitoring pressure renotely, and in particular to an optic
fiber 5. pressure transducer having reference and sensing | egs and a
tenperature conpensating device for conpensating for tenperature\ b
2. Description of the Prior Art: There are instances where re@tgﬁg%r!g"%”
of 10 pressure is a difficult task. For exanple, in oil, gas or steam

wel s a typical pressure sengdr will nmount within th& well. Electrical

lines will supply power to the sensor to nonitor the pressure. Havi ng
actirve electronics in a well environnent can be a problem 15 Hi gh
tenperatures in the well can affect- fthe el ectronics adversely.

| mersion of the electrical cable in the well _environnent, which is harsh,
can cause cable failure. US. PatRRESSUBEQTBANSDUCER hes a pressure sensing
20 systemthat utilizes an optical interferoneter. The systemin the
patent enploys fiper optdXd .of thedlihveAtidmnsm tted through optic fibers.

The light splits at an optical 7-coupler/splitter into two legs. One leg is
used as a reference. The other optic fiber |leg has one 25 end connect ed

to a bourdon tube or Jthig ippen $°mr_§s%%#§t?ansenespl to _ponjteringrence

in pressure sensefiréysite FemaEly; tananddupartiehlar s can eped@esived ength
of the Sensiqg pressure transducer having reference and sensing legs

and a temperature compensating device for compensating
for temperature changes.

- 2. Description of the Prior Art:

. There are instances where remote sensing of

10 pressure is a difficult task. For example, in oil, gas
or steam wells .a typical pressure sensor will mount
within the well. Electrical lines will supply power to
the sensor to monitor the pressure. Having active
electronics in a well environment can be a prebilenm.

15 High temperatures in the well <can affect the
electronics adversely. Immersionn of the electrical
cable in the well environment, which is harsh, can
cause cable failure.

{ U.S. Patent 4,859,844 describes a pressure sensing

20 system that utilizes an optical interferometer. The

system in the patent': employs fiber optics. Light is

transmitted through optic fibers. The light splits at

an optical ’-coupler/éplitter into two legys. One leg is

used as a reference. The other optic fiber leg has one

25 end connected to a bourdon tube or other type of
pressure transducer.



| eg. The 1light passing through ‘the ‘sensing and reference.legs- .
reflects back to the splitter. |If the 5 length in the sensing |eg 5’
changes as a result of pressure change, then the light path length

travelled in each leg wll not precisely match. This difference can be

processed by conventional equipnent. The differences can be correl ated
into the pressure sensed. 10 ' The . tenperature in a downhole

well will be elevated. If the tenperature changes, both the
reference leg and the sensing leg will experience a change in length due to
t he tenperature change. The bour dori tube will also experience a change in
| ength 15 due to tenperature effect. The tenperature effect coul d be

M sread as a prgsy A SIAREen &éuwegvs%sw w@g | BlakBure i S

|nvent|on g erence conpensa I's nounted
paral | el - ttFransdacessw bhc‘éa‘}%gat ghapge yin ttﬁ'é FeP8ingice leg and 3
vary the Iqrath of Thiee 1bjiet epeesing. thﬁbmﬁarﬁne senslinggaard sensing

o e S SR i e o

corrpensatl ng W ave a coe erature expanS| on.
Al so, Yhe denstisainfndthfenfersingnleg fhanges 28 tﬁatrefﬁ‘lt Phey will
sel ecti vel ypﬁwsnﬁéwe:ﬂmgt, htheh the héghat aaehermmg;h exakeldapensati ng

nmb ff
ggef felr c: Zn?@ggefa% Qkf a’% gﬁ"ec‘fﬁgigf ore not%?%ﬁﬁ%g ﬁglngl ﬁ{:}e%e

| ength of tFAD efd r @rﬁﬁﬁﬁﬁ d oo ccOP¥enti ‘P%jper ompentB®ion, but
the |engt hdiffferemaels can be correlated into the pressure sensed. \J
10 The temperature in a downhole well will be
elevated. If the temperature changes, both the

reference leg and the sensing ieg will experience a
charige in length due to the _température' change. The
‘bourdon tube will also experience a change in length

15 due to temperature effect. The temperature effect
‘could be misread as a pressure change.



mil ti'ple part with respect to the overall length coul.d be adjusted to
conkt’i bute nore or | ess expansion, due to its individual coefficient of

t hermal expansi on and respective length,“to the overall net expansion. 20
The assenbly will be placed in an oven to apply heat to a tenperature

expected in the well.* Pressure singhame gorHEOrRUERBIdNE assenbly heats.
The pressure should be constant during the heating process. If the pressure

changes, this indicates that 4enperature is 25 causi ng an erroneous
reading. The conpensa&Rng ¥ekfber én¥antirnadj abt edeInnuatiedy txefrnenceze
this erroneous rezdmpensBRy DhSARPTI €8 Omohee@RABENED1 &1 gues 1 the the
sole figure and it_| L.ml.J &i.e ctiongl, view i llustrating the
downhol e portjon E)r %rgpggsh?%sgéer% |pr]f . ?ﬁggr%ﬂrr‘m% 6{"gxoené‘te ﬁE?%%F'ilheqfa\ca@ dance
with this inventi ddrY thes length 9D arefepenqeolegHE | NFENREIN, Hassi ng
11 wi'll be | ocat edliongabedWwaldnsiAg @mpentébed hembEtendsll bemsdirdtaae
nonitoring equip t oMS| 1 i I b '

coupler/splitter mggralﬁgavﬁlacEﬂfs;gni%mfecédnp?r?éeln%&ge%ﬁ%ﬁ‘eq /néeﬂqeﬁser 15
splits the light &} 8% bR¥eopt Feeffielant of kenperatyre e¥pansienss

t hrough the fiber alkh, thet compensating afembelte chnbbesadidstedl Jo Whath are

mrrored tojgefl asf e ' ' | iqtet 1, 0
N iley, 3417 ggﬁ%ﬁgggelbﬁvlggﬁgfélﬁe atft:li’\(/é ot eﬁ%eﬁ(ﬂ ter of the

If one of the fibers™17, 19 c etot
fibers 17, 19, then the

Preferably, each compénsatimg member is made of
multiple parts, which could each have different
coefficients of thermal expanéion. Therefore, not only
will changing the length of the entire member affect

13 temperature compensation, but the 1length of each

' multiple part with respect to the overdil lehgth couid
be adjusted to contribute more or less expansion, due
to its individual coefficient of thermal expansion and
respective length, to the overall net expansion.

&ﬁ.

20 The assembly will be placed in an oven to apply
heat t5 a temperature expected in the well. Pressure
will be monitored as the assembly heats. The pressure

. should be constant during the heating process. 1If the

pressure changes, this indicates that tenmperature is

u 25 causing an erroneous reading. "rhe compensating members

~ can be adjusted manually to minimize this erroneous
reading. '

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is the sole figure and it is a
30 simplified, sectional view illustrating the downhole

pgrtion of a pressure sensing instrument constructed in
accordance with this invention. '
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wavel engt hs of the light conming. back to “the coupler/splitter %_Z
w Il be out of phase. Conventional processing equipnent, such as descri
in US. Patent 15 4,859, 844 nmay be used to process this difference in
phase to determ ne the pressure being nonitored. The forward end of the
sensing fiber 17 is connected by a clanp 21 to a wire 23. Wre 23
extends to a cap 25. Cap 25 will clanp the end of wre 23. 20-

Preferably, cap 25 is of two parts that can be bolted together to clanmp the

wire 23 by conpression. The details gre not shown, and may be varied.
Simlarly, the reference fiber 19 connects by clanp 27 to a wire 29. Wre
29 is clanped firmy by a cap 31. 25 The sensing fiber 17 extends

fromclanp 21 to a r pgrRaLEDCORSIRIIATONSON THE | INVENTIONT ef erence fiber 19
extends rearward fromclanp .27 to a rearward clanp 35. C anps 33, 35 clanp
the optic fibers 17, 19 to wires 37, 39.- . (err) Wre 37 leads to the arm
41 of a bourdon HoMEing l1BoWiddnbeubecakedds She wedlexpdse@ptdcwel | fl uid
so that hi t vider exzei eterrid from dsurtive prm_aur]gngPeqaspﬁentchangez will
cause the t0 r ap S ol \ war

di rections. al'{‘mﬁssﬁ‘ﬂ?t J'r]'o't atgé@'.lfﬁ g%\bee]i’jiifjeg%}?éoér{s H %&%%@%@é&é@ ensi on on
the sefsi ng ¥2g¥Bichs i8e i KRoYRpEPERINeMen s FGUPAET4aPIitier A8/ tion of
sensi ng fi baspllitd retoe t hbght atean] imkot Mavoc|lapic33¥iberkhel7f eagion i s

sufficient!ynil Ofed 4211 HAURC HlrolBh thecriBed 37,'NRB SEhskhd |eg 44

Wit hin o _
ends of the fibers 17, 19, which are mirrored to -
‘reflect the beams back to the coupler/splitter 15. -
10 If one of the fibers 17, 19 cha.hges in length

relative to the other of the fibers 17, 19, then the

wavelengths of the 1light coming back to the

coupler/splitter 15 will be out of phase. Conventional

-~ processing ei;uipment, such as described in U.S. Patent

15 4,859,844 may be used to process this difference in
phase to determine the pressure being monitored.

- The forward end of the sensing fiber 17 is
connected by a clamp 21 to a wire 23. . Wire 23 extends
to a cap 25. Cap 25 will clamp the end of wire 23.
20 Preferably, cap 25 is of two parts that can be bolted
tdgether to clamp the wire 23 by compression. The
details are not shown, and may be varied. Sinmilarly,
the reference fiber 19 connects by clamp 27 to a wire

29, Wire 29 is clamped firmly by a2 cap 31.

@

25 ' The sensing fiber 17 extends from clamp 21 to a
‘rearward clamp 33. Similarly, the reference fiber 19
extends rearward from clamp 27 to a rearward clamp 3S.
Clamps 33, 35 clamp the optic fibers 17, 13 to wires
37, 39.



el‘ast tic limts. The wire 39 of the reference flber 19 leads to a cap 45.
Cap® 45 clanps the wwre 39 rigidly. A reference leg 46 wll be defined
by the portion of the 15  reference fiber 19 between the clanps 27, 35.
Cap 25 is secured by threads to the forward end of a forward tube 47.
Forward tube 47 coaxially receives the sensing | eg 44. Simlarly, cap 31
secures to a fiorward tube 49. Forward tube 49 concentrically 20
recei ves the reference |leg 46i%* Each of the forward:fubes 47, 49 has a
slot 51. Slot 51 is elongated and receives a pin 55. Each pin 55 extends
radially inward fromthe sidewall of housing 11 into one of the slots 51.
The pins 55 prevent the forward tubes 47, 49 from 25 rotating relative to
housing 11. Each of the forward tubes 47, 49 Tal so has threads 59 externally
formed on the rearward ends. A 'sleeve 63 has threads 61 that secure to the
t hreads 59 of the sensiing f30r M@adst tbethi&. arm Sixridfird \hoursiore \wabeb 4has

25 A'roarvard IWE’E‘%}‘; o+ gfag (oEE ndelboddl L8 %59% 2933@5205522
eérfwi\er‘ﬂﬁé °t°l.?§'8§ 6¥e 1:!59 g’a‘g‘e‘{ &ngagi ng

to sl eeve 65.
a set of threads Pixsaésnneedctmneash ‘sﬂléevcaGS¢ &he Tlae'nt hﬁkadsa 73cd:ta¢eof a

slightly di féererﬁx%tq? t RN eobQatdr aads z@larwlbae%q%eééiaag 61 g&e it
Zggﬁ[azgd by a ga h péégh recég%dqr%%q iii incre ref%g%gEgnc%%rser
the sensing leg 44 of sensing fiber 17. Sensing leg 44
, is the portion of sensing fiber 17 from the clamp 21 to
o the clamp 33. The - tension is sufficiently high to
10 cause slight stretchingfof=the sensing leg 44 within
elastic limits. :

The wire 39 of the reference fiber 19 leads to a
~cap 45. Cap 45 clamps the wire 39 rigidly. A
reference leg 46 will be defined by the portion of the

15 reference fiber 19 between the clamps 27, 35.

Cap 25 is secured by threads to the forward end of

a forward tube 47. Forward tube 47 coaxially receives

the sensing leg 44. Similarly, cap 31 secures to a

forward tube 49. Forward tube 49 concentrically

&J, -+ 20 receives the reference leg 46. Each of the forward

tubes 47, 49 has a slot 51. Slot S1 is elongated and

receives a pin 55. Each pin 55 extends radially inward

from the sidewall of housing 1l irto one of the slots

51. The pins 55 prevent the forward tubes 47, 49 from
rotating'relative to housing 11.

[\
Ut

Each of the forward tubes 47, 49 also has threads
59 externally formed on the rearward ends. A sleeve 63
has threads 61 that secure to the threads 59 of the
sensing forward tube 47. Similarly, sleeve 65 has
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10 t hreads per inch. The pitch of- the'threads 61:s preferably 42
threads per inch. (16.5 threads per or) The rearward tubes 67, 69 m)unt\'f-‘.o
brackets 77, which although showmn schematically to be one, -would |ikely be
two separate brackets in actuality. 15 Brackets 77 are rigidly .
nounted to the housing 11. Each rearward tube 67, 69 has a shoul der 79 that
abuts against the forward side of bracket 77. Each rearward tube 67 extends
through a hole in bracket 77. A nut 81 will engage threads 83 on each
rearward tube 67, 69. 20 Nuts 81, when tightened, wll rigidly lock the
rearward tubes 67, 69 to the brackets 77. The cap 45 secures to the threads
83 of the reference rearward tube™69. To calibrate the instrunents
preferably the downhole tenperature to within about 10 degrees will be 25
known. The thmeadsesl wor [securingblterl &beshthwreads FiSuref 1thei th an
initial tensiofeportd dbdvariheubsdss 44, 46. Leg 44 wll be sized
slightly greater than |eg 46, preferably about .0015 inch. The processor
'signals will be watched while tension is applied. -7- Tension will be
applied first by koreaarward chvber 67t gecuresd, t@0 skeewe v63; oande as| eeves 63,
35-| A toog P%Ai—wfﬁ;uaﬂsh:@? m&&zsdseeebe%ﬁ%veg%ﬁt atﬂ&tlf}ﬁ{i_{eanﬂi‘dsf 81 :‘M![lh
e | oosgne or S ot.ation or,ea revol utign _of one o e
t ubes 67, 69?“??\% Fgﬁgt o?a‘f%eﬂi"é%ﬁfs44?f4gé\ﬁ |‘f""a$§ﬁ‘§e ﬁysfr‘mﬁfh of an
i nch once t htheepdsx?Infernethsinrednhs sleaver 3oh&P. nfhe sthreads: i ght ened
to prevent the aeeredr & ldllightdy, abPréreri® pitch than the threads

61. Threads 73 and 61 are separated by a gap 75. The u
pitch of the tl(ﬁ?%ls 73. _;s 'pgf’fera.bly cogrser, about 40

10 threads per inch. The pitch of the threads 61 is
preferably 42 threads per inch. (16.5 threads per ar.)

Catal *
s

_ The rearward tubes 67, 69 mount to brackets 77,
which although shown schematically to be one, would
likely be two separate brackets in actuality.
15 Brackets 77 are rigidly mounted to the housing 11.
Each rearward tube 67 , 69 has a shoulder 79 that abuts
against the forward side of bracket 77. Each rearward
tube 67 extends through a hole in bracket 77. A nut 81
will engage threads 83 on each rearward tube 67, 69.
20 Nuts 81, when tightened, will rigidly lock the rearward
tubes 67, 69 to the brackets 77. The cap 45 secures to )
the threads 83 of the reference rearward tube 69.

_ To calibrate the instrument, ' preferably the

downhole temperature to within about 10 degrees will be

25  Xnown. The instrument will be assembled as shown in

Figure 1, with an initial tension applied to the 1legs

44, 4s. Leg 44 will be sized slightly greater than

leg 46, preferably about .0015 inch.c')'(%acem processor
"signals will be watched while tension is applied.



rotating. 10 Then, 'fine adjustnents are made. The fine

adj Gstments are made by rotating the sleeves 63, 65 relative to the tubes
67, 69. Rotation of the sleeves 63, 65, in one direction will cause .
formard novenent .of the forward tubes 47, 49 relative to the sl eeves 63, 15
65. Simlarly, the sanme rotation in the sane direction will cause the

sl eeves 63, 65 to nove rearward relative to the rearward tubes 67, 69,

which will not nove axially. The difference in the thfead pitch will cause
a slight net axial nmovenent of the forward tubes 47, 49 20 relative to
the rearward tubes 67, 69. For each rotation of the sleeves 63, 65 in
one dire Bi , the legs 44, 46 will |engthen_by 1/840th of an inch. The
processor will m)nitor the signals until a proper pressure reading has been
achi eved. 25 the I ] aged_i gL, Lo heat
It to the selected terrper iulrﬂewglﬁ?gp%) sisﬁ?re s%% 55 F‘égﬁ@g"‘g s?r"rﬂr

nornal | y at nospherfubes f5'{he5%r§§35%ﬁ5é’%lfeﬁlg&e sleevemd62at 65-t ha taed
bourdon tube or otwEIl ree hased ato Moodd lme\&serennewsétyaﬁf&mv ng r&&s t he

pressure indi Catlé)fl q;ﬁlt O'ggt R gg gf?zch%%g_g 1‘__['%? Qfe Sh atorg ac‘q ust

one or nore of the sl eéveés egs

n ths 0
44, 46. Eventfall yr‘*‘t"h"(-é""fWJ!r Rf 19ne rﬁi{lc@éle pFB%%%rﬁch&ﬁge'gﬁrg quf i ed.
The instrument w |thé bsgdeatg,hasnelly ctodnsnnt e.guoﬁhefcaﬁfi

tenperature expans&g@ Qﬁp*g':?imate tension has been reached, nuts 81 are
' tightened to prevent the rearward tubes 67, 69 from.
( W ~ rotating. '

10 Then, fine adjustments are made. The fine
adjustments are made by rotating the sleeves 63, 65
relative to the tubes 67, 69.  Rotation of the sleeves
63, 65, in one direction will cause forward movement of
the forward tubes 47, 49 relative to the sleeves 63,

15 65. Similarly, the same rotation in the same direction
will cause the sleeves 63, 65 to move rearward relative
to the rearward tubes 67, 69, which will not move
axially. The difference in the thread pitch will cause
a slight net axial movement of the forward tubes 47, 49

20 relative to the rearward tubes 67, 69. For each
, rotation of the sleeves 63, 65 in one direc 35&3 S.he
(&\*’ legs 44, 46 will lengthen by 1/840th of an inch. The

processor will monitor the signals until a proper
pressure reading has been achieved.

25 ' ‘Then, the assembly will ke placed in an oven to
heat it to the selected temperature. The pressure
should remain constant, normally atmospheric. If the
pressure changes, this indicates that the bourdon tube
or other mechanical mounting is erroneously affecting

30 the pressure indication due to temperature change.
'1'21(-; operator will adjust one or more of the sleeves &3,
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various tubes 47, 49, 67, 69 and sleeves 61, 63 can be the same or canjhe
different. These coefficients of tenperature expansi on cause expansi on of
the tubes and a stretching or application of tension to the legs 44, 10

46 upon the application of heat. Al so, the direction of polarization of the
light in the two | egs 44, 46 can be set with the assenbly. Rotating the
caps 25, 31 and. 45 will apply torque, which is transmtted to the fibers
44, 46. This rotation or torque, allows for alignment of the

pol ari zation individually in each |eg so that maximuminterference is

achi eved at the coupler/spli tter“18. “The invention has si gni fi cant

advant ages. The tenperature conpensating tubes allow the instrument to 20
be preciselys catébrahaigeso the tBemimd urer dagse ndlegafl f aat, t ag.pressure

r eadi ng. l\€sCQRI NG, ' ec) rrangenent of

t he | engt hsg%-%%ag']&;gg&erh‘éﬁ e%é‘g' O%’H#dc?&iﬂe%‘éﬁu?‘éaﬁ:'ggﬁgﬁ c?\;%vg‘ pr oper

pol ari zati ope p8llified. \\Fhee ingErupenkt widlhidePede SHR¥PEYIYonl y one of

its forms, ¢émpéradtedie apparent to those skilled in the art that it is not
so limted, but is susceptible to various changes wi thout departing from
the scope of the invention. - 9- CLAIMS 1. In an jnstrunent for
measurd ng pr essuFke ofoaf fighenta phytamparatere ogrpension:rofi dd ed in the
housing, ongagiohdetulids a7, Aar,s 67 Bg andepiboged cg1 Ared idun be
the same or can be different. These coefficients of
temperature expansion cause expansion of the tubes and B o
a stretching or application of tension to the legs 44, 7/

10 " 46 upon the application of heat.

Also, the direction of polarization of the 1light
in the two leg‘s 44, 46 can be set with the assenmbly.
Rotating the caps 25, 31 and 45 will apply torgque,
which is transmitted to the fibers 44, ds. This

15  rotation or torque  allows for alignment of tue
pelarization individually in each leg so that maxizum
interference is achieved at the coupler/splitter 1is.

The invention has significant advantages.  The
temperature compensating tubes allow the instrument to
20 be precisely calibrated so the temperature does not 7
affect the pressure reading. The telescoping tube
assemblies allow precise arrangement of the lengths of
the legs. The telescoping tubes will also allow proper
po'larization.'

25 While the invention has been shown in only one of
its forms, it should be apparent to those skilled in
the art that it is not so limited, but is susceptible
to various changes without departing from the scope of
the invention.



5° . other of the optic fibérs bei'ng a'reference leg, the sensing |leg
beiﬁg‘connected to a pressure transducer for changing the length of the |eg
in response to pressure changes, each |leg having a reflective end and being
connected on an gpposite end to an optical 10 coupler/splitter for
receiving and reflecting back light which is processed to determ ne the
pressure sensed, the inprovenent conprising in conbination: nmeans

i ncl udi ng an el ongat ed #--reference conpensati g menber extending
parallel to the reference 15  leg for applying selected tension to and
selectively varying the length of the reference | eg; neans including an

el ongat ed sensi ng conpensati ng nenber extending parallel to the sensing

| eg for applying;aghgcted tension to and sel ectively varying 20 t he

| ength of the senstfrg—teg; and the reference and sensing conpensating
menbers bei ng expansible in response to tenperature change to change said

| engt hs of the refer ed®e anmdinstrupegt| §gr, neaspeing \pressune ofsporkty¥re o

tenperature changfavifig?2a paipublei bpticheinetéetbcatdd {®VEREMouding/) he
pressure transducer _in

esponse, o erat ure changes,_ 2. The J nst runent
according to cl ai iPE Wer ?1??E§?e%§$%ﬁ%e N %%nﬂeﬁ gféﬂﬁ leﬁeﬁ&ﬁrgh%nd
the  sensing§ other- ofopenontiagfibaberbeing t 2| refersnad \legij usthdl e in
length. 3. The ingkhdfRG! 12gC Yedindd ddhridctied ka\her Bréssilire I €LhEdESer
conpensating rrer;t%%r cha‘}pgqngt K 1%%8%&1”%: the leg in response to

_ pressure changes, each leg having a reflective end and
s/ being connected on an opposite end to an optical
10 coupler/splitter for receiving and reflecting back
light which is processed to determine the pressure

sensed, the improvement comprising in combination:

means = including an elongated reference
compensatihg member extending parallel to the reference
leg for applying selected tension te and selectively
varying the length of the reference leg:

-

(4]

means including an elongated sensing compensating
member extending parallel to the sensing leg for
applying selected tension to and selectively varying

20 the length of the sensing 1leg; and

the reference and sensing compensating mnembers

beinq expansiblé in response to temperature change to

change said lengths of the reference and sensing legs,

respectively, in response to temperature -change, to

25 nuilify thé effect of movement of the pressure
transducer in response to temperature changes.

2. The instrument according to claim 1 wherein the
reference compensating menber and the sens ing

—————————————

R O A
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5 conpensati ng menber are tubes, "~ the ' reférence conpensati ng;
menber coaxially receiving the reference-leg and the sensing e
conpensating nenber coaxially receiving the sensing |leg.- 4. The
i nstrument according to claim1l wherein the 10 reference - conpensating
menber and t he sensi ng conpensating nenber are tel escoping tubes
whi ch are adjustable in length, the reference conpensating nenber coaxially
receiving the reference | eg and the sensing conpensating nenber coaxially

~receiving the sensing 15 leg. 5. In an instrument for neasuring pressure of
a type having a housing, a pair of-opti€ fibers |located in the housing, one
of the optic fibers being a sensing leg and the other of the optic fibers

being a reference 20 |l e the sensing |le ein onpecied to a pressure
transducer C?%?e’&ﬁi"ﬁd'lﬁhg“gf“ﬁsﬁ it htS?'egﬁ%Pﬂf‘gtj’ gﬁgPﬁgﬁBiSe i pressure
changes, eaténg®ely. having a reflective end and bei ng connected on an
opposite end to an optical coupler/splitter for receiving and 25

(oL ecting fack Lghindbhelnde BRESIRRD U0 SRRTV R SR sereec

forward andreferemcel refampemsatingporzenheins apdcedtheartsémsingach ot her

in theshousigfipbRéaidgli Nthddber’ ef Qr@NCethBEs) N LRI ONrefelried@r d sensing
support neaggmbgn;£§i£5n§é£gkéOéoaxially receiving'the reference
leg and the sensing compensating’ member coaxially

receiving the sensing legq. _ - \;)

4. The instrument according to claim 1 wherein the
10 = reference compensating member and the sénsinq
compensating member are teléécopingz tubes which are
" adjustable in length, the reference compensating member
coaxially receiving the reference leg and the sensing
compensating member coaxially receiving the sensing

15 leg. '

$. In an instrument for measuring pressure of a type
having a housing, a pair of optic fibers located in the
housing, one of the optic fibers being a sensing legq
and the other of the optic fibers being a reference -
20 leg, the sensing leg being connected tc a pressure o
transducer for changing the length of the 1leg in
response tO pressure .changés; each leg' having a
reflective end and being connescted on an épposite'end
to an optical coupler/splitter for recéivihg_ and
25 reflecting back light which is processed to determine
the pressure sensed, the improvement comprising in
combination: '

A



5  holding tension on the sensing | €g, the rearward end of the sensing

| eghbeing held by the pressure transducer; neans I ncl udi ng an
el ongat ed reference conpensati ng nenber extending parallel to the
reference leg and connected to at | east one of the reference 10 support

means for selectively:varying the distance between the forward and
rearward reference support neans; neans including an el ongated sensing
conpensati ng nenber extending.parallel to the sensing leg and I 5

connected to the forward sensing support neans, for selectively varying the
di stance fromthe forward sensing support_-means to the rearward end of the
sensing leg; and the reference and sensing conpensating nenbers 20

bei ng expansible in re to np C ch i d_distances
in response to tenpera?gggggﬁanaég ?%5§¢5ﬁ3 ip%&gﬁgkgffe%pgsgié n%géﬁént

of the pressure EPAFSGuBBArEnfFel RAche otBerehpding frusdmsh o, hgldinghe

i nstrument accor dithg trefekahgeSledelreitensiion?5 reference conpensating
menber and - the = sensing conpensating nenber are tel escopingly

adj ustabl e in.length. 12 7. ‘The instrunment according to claim5 wherein
the reference  conpen@afPRY2rd geRing sypgort (ppans day, &hey hoyshegs 8P  ng
menber are5 tumeddingt kensionfen cthee seospagskig nthee rearvardxead| gf

gggiggirg the refqyaNe@nsing 16§ péiy nell bnyetnd PresRIFRERIANLEGceFETDET
means  including an' elongated reference
Ns coinpensat-ing member extendihg parallel to the reference
leg énd_ ~connected to at least one of the reference
10  support means for selectively varying the distance
betweéh the forward and rearward reference support
means;

means including an elongated sensing compensating

member extending parallel to the sensing leg and

15 connected to the forward sensing suppert means, for

selectively varying the distance from the forward

sensing support means to the rearward end of the
sensing leg:; and '

the reference and sensing compensating members

20 being expansible in response to temperature change to
| change said .distances in response to temperature
change, to nullify the effect o©f movement of the
pressure transducer in response to temperature chdnges.

6. The instrument according tc claim 5 wherein the

25 reference compensai:ing member and the sensing
~ compensating member are telescopingly adjustable in
length. '

[
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receiving the sensing leg. 8. The instrunent according to claimb5 \Ah-er@n

the reference . conpensating menber and t he 'sensi ng conpensati ng
menber are tel escopi ng tubes which are 10 adj ustable i'n Il ength, the
reference conpensating nmenber coaxially receiving the reference | eg and the
'sensi ng conpensating nenber coaxially receiving the sensing |l eg. 9. The
I nstrunent according to claim5 wherein the 13 ref erence conpensati ng
menber conprises: a rearward reference tube connected to the rearward
reference support neans, the rearward reference tube having threads on
a forward end and coaxially receiviig 4 he reference |eg; 20 a
forward reference tube connected to the forward reference support neans,
the forward reference tube having threads on a rearward end and

coaxi al |y réeei Vi) instrusente AGCordnda ke oclaih cfeii®redpedP® coaxially
recei vi ng i—ageaancerefcamaeatmgandndniue&adl agHy etgegi ngeridimgt hr eads of

the forward rnpefm%r nce bes t hat t at ref erence
sl eeve rel a‘f"g% {‘%g}r'%formr err d tu.\igs %‘“r)eari\;var dié}ﬁ:feerence t ubes
changes t heCPBRERFREING [ReRkg é‘?ﬁi FRealy 9rre”rﬁ?erre gFencene

I nstrupent 2egorandg the clsamsﬂ.ﬁqv\heompenealtelnghrneniberofcoamnnyearwar d

reference EHQSivfﬁ& e se"i‘xsing 1&4fferent pitch than the threads of the
forward tube

8. The instrument according to claim S5 wherein the
- reference = compensating member and the s_ensing ' u
compensating member are telescoping tubes which are
10 ~ adjustable in length, the reference compensating member
coaxially receiving the reference - leg and the' ‘'sensing
compensating member coaxially receiving the sensing
leg.

9. The instrument according to claim 5 wherein the

15 reference compensating member comprises:
a rearward reference tube connected to the
rearward_ reference support  means, the rearward
reference tube having threads on a forward end and
coaxially receiving the reference leg: -
| o
20 _ a forward reference tube connected to the forward

refer‘ence support means, the forward reference tube
having threads on a rearward end and coaxially
receiving the reference leg: and

a reference sleeve coaxially receiving the

25 reference leg and threadingly engaqing the threads of
the forward and rearward reference tubes, so that
rotating the reference sleeve relative to the forward

R
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s6 that one rotation of ‘one of the tubes relatlve to the ot her tube and
to kke sl eeve changes the length of the reference conpensating member by a
di fferent anount than one rotation of the sleeve relative to both of the 10
tubes. 11. The instrunent according to claim5 wherein the sensing
conpensati ng nenber conprises: a rearward sensing tube supported by the
housi ng, the rearward sensing tube having threads on a forward 15 end
and coaxially receiving the sgnsing |leg;, a forward sensing tube connected
to the forward sensing support neans, the forward sensing tube having
threads on a rearward end and coaxi al | y-ré&geiving the sensing |leg; and 20

a sensing sleeve coaxially receiving the sensing | eg-and t hreadi ngly

engagi ng the thr eady ahatherd OrMFeleARd EABLYALMARILIAA WuhGEn SP Ht

rotating the sensi g eeve relative to t rward sensi ng
t ubes changes theTP ﬁﬁ?ﬂcﬁfc?WR?Q§§¥§Pﬁ member. conpensati ng menber. 12. The
i nstrument according to claim 11 wherein the threads of the rearmard

sensing tube are gf,a d!'rIé e{ﬁ%r\fﬂn@ acco(t%rﬁ\); 'tolAt:IaiEH t§2wﬁ§'?@lh

t hreads of the forward t hat one rotation of o) e t ubes

relative to the oFHé'FaFﬁb %nag{eo FIRBTYAER, Y RISTRIE ¢ en8ffR ofPftH
sensi ng conpénsat ddgferabtr pbticla thahetbat threads ofiathe forward tube,

so that one rotation of one of the tubes relative to

the other tube and to the sleeve changes the length of

the reference coinpensating member by a different amount

— " than one rotation of the sleeve relative to both of the
10  ‘tubes. ' |

11. The instrument according to claim 5 wherein the
sensing compensating member comprises:

a rearward _sensihg tube supported by the housing,
the rearward sensing tube having threads on a forwvard
15 end and coaxially receiving the sensing leg:

a forward sensing tube connected to the forward
sensing support means, the forward sensing tube having
threads on a rearward end and coaxially receiving the
sensing leg; and

- 20 a sensing sleeve coaxially receiving the sensing
leg and threadingly engaging the threads of the forward
and rearward sensing tubes, so -.that rotating the
sensing sleeve relative to the forward and rearward
sensing tubes éhanges__ the length of the sensing

25" compensating member.

12. The instrument according to claim 11 wherein the
threads of the rearward sensing tube are of a different

—
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5 one rotation of the sleeve relative to both*of the tubes. 13. In ?\
instrument for neasuring pressure of a type having a housing, a pair of
optic fibers located in the housing, one of the optjc fibers being a
sensing leg 10 and the other of the optic fibers being a:reference |eg,
the sensing | eg being connected to a pressure transducer for changing
the length of the leg in response to pressure changes, -each |eg
having a reflective end and bei ng connected on an opposite end 15 to
an optical coupler/splitter for receiving and reflecting back |ight
which is processed to determ ne the Eressure sensed, the inprovenent
conprising in conbination: a teled opi ngly adj ust abl e ref erence

t ube 20 coaxially receiving the reference |eg;. a telescopingly

adj ust abl e seriticRg thape thayi tigrdddscads eneafbwumdtahd ase cermd al |y

recei ving th%nt erpaﬁq:il g,oﬁrackﬁe f‘”%ﬁ ?HDF}QQE{:W t g rg{erence and

25 sensing tubes In ousi ng; erence and sensi ng tubes

bei ng expans@ﬁmérlﬁ“PEs%%ﬁsE”tEPQe%&ﬁﬁ%ﬁ|ﬁhé“8ﬂan§E9t¥FQﬂﬁﬂmﬂf t¥H€'| engt hs of
" the ref er encaenadngepsipenssiging mendsrobye at differedt amdwntpettnir e change,
to nullsly thmel{aGle fh MOYCURA! dledvl® AUGRIVES £d ABSNCEE | dhd eSponse {0

tenperature changes an Instrument for .measuring pressure of a type
ubes.

"13. In an instrument for measuring pressure ot a type
having a housing, a pair of optic fibers located in the o’
housing, one of the optic fibers being a sensing leg

10 and the other of the optic fibers being a reference
leg, the sensing leg being connected to a pressure
transducer for changing_ the length'-ot the leg in
response to pressure changes, each 1leg having a
reflective end and being connected on an opposite end
to an optical cdupler/splitter for 'receiving and
reflecting back light which is processed to determine
the pressure sensed, the improvement comprising in
combination:

_
(4]

a telescopingly adjusteble reference tube
20 coaxially receiving the reference leg; -

a telescopingly adjustable sensing tube having
threads on a forward end and coaxially receiving the
sensing leg;

bracket means for supporting' the reference and
sensing tubes in the housing; and

N
S}

the reference and sensing tubes being expansible
in response to temperature change to change the lengths
of the reference and sensing legs in .response ¢to

-
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5% Thaving a housing, a pait of optie flefS located in the housi ng., one
of hhe optlc fibers being a sensing leg and the other of the optic fibers

being a reference leg, _the sensing |l eg being connected to a pressure

transducer
pressure

reflecting back |ight which is. processed to determi ne:the pressure sensed,
the inmprovenent conprising in“15 combination: a rearward reference tube

for

.changing the length of. the leg in 10 response

to

changes, each leg having a reflective end and being connected
on an opposite end to an optical. coupler/splitter for receiving and

having threads on a forward end and coaXidalHy receiving the reference |eg;

a forward reference tube having

recei vi ng

h f | the t d f th
f or war d andtrga;38 d gg??F% gr?ugeéggg ?igggghﬁﬁ%?mféo éﬁ?ﬁf ékf ©

rearward referencehandes. bei ng of different pitch so that

reference sleeve relative to the forward and rearward reference tubes

changes the Iengt

R S

t hreads on a

—
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rearward ref 8r enchavunma ihpusiaghoasbadr of reptiigfdbersslagatedeimfiheng

housing, one of the optic fibers being a sensing leg
and the other of the optic fibers being a reference
leq, the sensing leg being connected to a pressure
transducer for changing the 1length of the 1leg in
response to pressure changes, each 1leg having a
reflective end and being connected on an'opposite end
toc an optical coupler/splitter for receiving and
reflecting back light which is processed to determine
the pressure sensed, _f.he improvement comprising in
combination: ' '

a rearward reference tube having threads on a
forward end and coaxially receiving the reference leg:

a forward reference tube having threads on a
rearward end and coaxially receiving the reference leg:;

a reference sleeve coaxially re-ceivinq" the

~reference leg and threadingly engaging the threads of

the forward and rearward reference tubes;

the threads on the forward and rearward reference
tubes being of different pitch so that rotating the
reference sleeve relative to the- forward and rearward
reference tubes changes the length of the reference
compensating member;

T

threads on a rearward end and coaxially
recei ving the refesgperat 8 &nge, to mnrﬁfyer@weeffé&e\@f EOvahat Y

rotating the 25



forward end and coaxially receiving the sensing 1eg; "5 a- f or-way d
sensi ng tube having threads on a rearward end and coaxially receiving
the sensing | eg; a sensing sleeve coaxially receivi.ng the sensing | eg and
t hreadi ngly engagi ng the threads of the forward and rearwar-d sensing tubes;
10 the threads on the forward and rearward sensing tubes being of
different pitch so that rotating the sensing sleeve relative to the forward
and rearward sSensing tubes changes the length of the sensing
conpensati ng nenber; 15 bracket neans for supporting the forward
and rearward sensing tubes in the housing; and the reference and sensing
forward and rearward tubes bei ng éﬁpénsible I n response to tenperature
change, = to changecile | FOohdS Alr UGpbSLEIRNC LY relvarA®Nahgo ! ogs 11
sponse to tenperature change, to nulfTity e eftect or novenent of the
pressure traeArNaad refeeepepseies donfhe Aensingianges. 15. The instrument
according to claim 14 wherein one of the reference tubes is rotatable
relative to the 25 i a ot r ef tyhes.is
stationary rel at i?avepg%af%gi h%‘&g}éﬁﬁg o) teh;ﬁﬁa%fr}-gg of ?ﬁgg%gsrr')w' a(err) - 17
- reference fomtazs endyangccoanially) recetuing &£he sensiagy deg@¥ence sl eeve to -
change the length of the reference leg at a different rate than the rate of

change gue 10 5 gorvard sensing tube having threads on a
rearward end and coaxially receiving the sensing leg;

v’

a sensing sleeve coaxially receiving the sensing
leg and threadingly engaging the threads of the forward
and rearward sensing tubes;

10 the threads on the forward and rearward sensing
tubes being of different pitch so that rotating the
sensing sleeve relative to the forward and rearward
sensing tubes <changes the 1length o©of the sensing
compensating member; '

15 | - bracket means for supporting the forward and
rearward sensing tubes in the housing; and

the reference and sensing forward and rearward .i,)
tubes being expansible in response to temperature
change, to change the 1lengths of the reference and
20 sensing legs in response to temperature change, to
nullify the effect of mcvement of the pressure
transducer in response to temperature changes.

15. The instrument according to claim 14 wherein one
of the reference tubes is rotatable relative to the
25 housing and the other of the reference tubes is
stationary relative to the housing, so that one of the

g



raotation of the reference*sleeve relative to the 5 reference tubes. 16.
The .instrument according tb claim14 wherein one of the sensing tubes is
rdfatable relative to the housing and the other of the sensing tubes is
stationary relative to the housing, so that one of the 10 sensi ng tubes
may be rotated relative to the sensing sleeve to change the I ength of the
sensing leg at a different rate than the rate of change due to rotation of
the sensing sleeve relative.;o the sensing tubes. '17. In a nethod for
measuring pressure wherein I'ight is passed through an opti cal
coupler/splitter into a sensing | eg opti a7fi-ber connected to a pressure
transducer whi ch changes the length of the sensing leg in response to

pressure changes er e  ght.J S Ssg | Jqul t oughy a
reference |eg opf?ggg%x@e 1“5\‘%"&%%g tk%aé}litg%t fﬁ#e%i.n@%%g%n%d of each

| eg and passi ng beferense ieavee tSpchergecshp denehh i ot othe oFe i sing to
determ ne the pregguat aeabffierdrte date ahancthecpabeiof nchange cdus &t i on:
mounting parall el fgeide I&f ChfRcerbigraficd® s1aitleUskabheive! Walu
reference conpensating nenber which I's expansible I n response to

' terrperatureSChangefaﬁﬂn%&)pﬂ"Weﬁg a selected tension to the reference | eg
with the reference conpensating nenber; (err) - 18 - nounting parallel

to the sensing | ¢g an g UslstbhfieRt 0REBbESing SESSENHn ARSI GndTEMDEr

which is . N
of the sensing tubes is rotatable relative to . the
housing and the other of the sensing tubes is
\_/ stationary relative to the housing, so that one of the

10 sensing tubes may be rotated relative to the sensing
sleeve to change the length of'thé'sensing leg at a
different rate than the rate of change due to rotation
of the sensing sleeve relative to the sensing tubes.

17. In a method for measuring pressure wherein'liqht

1= is passed'through an optical coupler/splitter into a
sensing leg optic fiber connected to a pressure
transducer which changes the length of the sensing leg

in response to pressure changes, and wherein light is
passed simultaneously through a reference leg optic

20 fiber, the light reflecting from an end of each leg and

. passing back through the optical coupler/splitter for
N\ " processing to determine the pressure sensed, the

improvement comprising in combination:

mounting parallel to the reference 1leg -an
25 adjustable elongated reference compensating member
which is expansible in response to temperature change
and applying a selected tension to the reference leg
with the reference compensating member;

I————
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expansi bl e in response to tenperature-change and “appl ying a selected. -
tension to the sensing leg with the 5 sensi ng conpensating menber; hewt
heati ng the pressure transducer, reference |leg, sensing |eg, ref erence
conpensati ng nenber and sensing conpensating nenber while helding the
pressure on the pressure transducer constant and nonitoring the 10
pressure sensed to determne if the pressure sensed remains constant; then
changing the length- of -at Ileast one of the reference and sensing

| egs by adjusting at |east one of the reference and sensi ng conpensating

menbers until 15 the pressure_sqgsed renmins substantially constant, to
nul lify the effect of novenent of the pressure transducer in
response to tenper&ﬁgiga(%§¥¥¥iel to the sensing leg an adjustable

elongated sensing compensating member which is

expansible in response  to temperature change and

applying a selected tension to the sensing leg with the
5 sensing compensating member;

heating the pressure transducer, reference leg,

sensing leg,'refarence compensating member and sensing

compensating_member vhile holding the pressure on the

pressure transducer constant and monitoring the

10 ‘pressure sensed to determine if the pressure sensed
remains constant; then '

changing the 1length of at least one of the

reference and sensing legs by adjusting at least one of

the reference and sensing compensating members until

15 the pressure sensed remains substantially constant, to.

nullify the effect of movement -of the pressure
transducer in response to temperature changes.
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