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MONITORING TECHN'OLOGY 

Matter enclosed la heavy brrckets E 3 appears in the 
originrl patent but forms no part of this reissue specifics- 
don; matter printed in iWcs indicates the additions made 
by rehue. 

This invention was made with Government support 
under Contract No. NASI-I8420 awarded by NASA. 
The Government has certain rights in this invention. 
This invention relates to monitoring technology, and 

more particularly to technology for monitoring the 
process of polymeric matcrials and the like. 

Characteristics .of polymeric materials are functions 
of processing or other environmental factors to which 
they are exposed. For example, thermosetting poly- 
meric materials are typically exposed during a curing 
sequence to changing temperature and pressure condi- 
tions over a time interval which curing sequence pro- 
duces compositional changes in the polymeric material. 
Similar changes in molecular and crystal structures 
occur in the processing of thermoplastic materials. In 
thermoset matrix composites, for example, the ultimate 
properties of the part depend to a significant extent 
upon the resin being fully cross-linked or cured. 

Fiber reinforced composite materials possess desir- 
able properties that make them attractive as structural 
materials for applications in the aerospace, automotive, 
marine and other industries, such desirable properties 
including strength and stiffness values significantly 
higher than comparable monolithic materials due to the 
reinforcing fibers; the ability to use various materials in 
such composites including polymer-matrix, metal- 
matrix and ceramic-matrix compositions to provide a 
wide range of mechanical, thermal and chemical prop- 
erties and the like, as well as the ability to tailor such 
composites to obtain desirable properties, for example 
by changing the fiber or matrix material, or by changing 
fiber orientation. 

Tbermowt laminated composites form excellent 
structures if appropriate process conditions arc accu- 
rately known and rigorously followed. Unfortunately, 
in practice, it has been diflicult to translate appropriate 
process conditions into production, the resulting prod- 
ucts lacking reproducibility due to inadequate process 
control information, which leads to costly discards. 
Frequently a test coupon made of a similar layup is 
processed simultanmufly with the desired part and the 
test coupon is subjected to destructive testing to deter- 
mine degree of cure, voids, etc. within the part. Unfor- 
tunately, the test coupon will frequently pass but the 
part will not be up to specifications. Nondestructive 
testing techniques that have been employed include 
infrared spectroscopy technology for characterizing 
material at or near the surface, ultrasonic scanning, 
dielectric cure monitoring, acoustic emission, X-radiog- 
raphy and thermochromic analysis. None of thesc ef- 
forts have provided adequate process control informa- 
tion. 

In accordance with one aspect of the invention, there 
is provided a system for infrared spectroscopic monitor- 
ing of polymeric material to obtain kinetic data on 
changes in comwsitional characteristics of the Dolvmer 
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sion portion and an unclad sensor portion adapted to be 
embedded in the polymeric material to be monitored, 
and means for coupling the transmission fiber to the 
source to transmit a beam of infrared radiation through 

5 the fiber to the sensor portion and for coupling the fiber 
to the infrared spectrum analyzing means for analyzing 
the resulting spectra as the polymeric material is pro- 
cessed to provide kinetic information on the processing 
of the polymeric material. 

Prefcrrably, the infrared analyzer includes Michelson 
interferometer type apparatus that produces a modu- 
lated beam which is transmitted along the IR transmit- 
ting l i  to the sensor as a broad band spectral input, the 
radiation is modified by multiple internal reflections 

15 within the sensor and the resulting modified spectrum 
radiation is transmitted to analyzer for analysis. 

The sensor preferably includes a chalcogenide glass 
such as arsenic sulfide or arsenic germanium selenide, a 
heavy metal fluoride glass such as a mixture of zirco- 

u) nium, barium, lanthanum and aluminum fluorides, or 
polycrystalline or single crystal material such as thal- 
lium bromoiodide or cesium iodide. Preferably, the 
sensor fiber has a diameter of at least about one hundred 
micrometers but less than one millimeter and a refrac- 

25 tive index greater than 1.7. In a particular embodiment, 
the fiber sensor-transmitter has a length of at least about 
two meters with a clad transmission portion and an 
unclad sensor section, both of which are embedded in 
the polymer material to be monitored. The overall 

30 transmission losses of the fiber are preferably less than 5 
dB per meter over an 1800-750 wavenumber bandwidth 
and the analyzer monitors radiation over an 5000-300 
wavenumber bandwidth. 

In a particular system for monitoring the curing of a 
35 polymer-matrix composite of the type which employs 

fibers of material such as graphite or boron and poly- 
mers of materials such as epoxies or polyimides, a plu- 
rality of msors are embedded in uncured polymer 
material in regions between layers of fibers and con- 

40 nected by their transmission fiber portions through 
appropriate glands of an autoclave system to a Fourier 
transform infrared analyzer such as the Digilab FTS-60 
system. The autoclave system includes containment 
structure in which the polymer-matrix composite is 

45 disposcd and by means of which programmed tempera- 
ture and pressure conditions are applied to the laminate 
during a processing cycle of several hours duration 
during which kinetic changes in chemical, crystalline, 
molecular and like characteristics of the polymer such 

M as epoxide formation (for example, at 908 cm-I), 
H& bands (for example, at 844 and 3096 cm-I), 
aliphatic C-H bands (for example, at 2921 c m - I ) ,  
aromatic C-H bands (for example, at 3062 cm-I), 
-S02- bands (for example, at 1 150 cm- I), imidization 

55 characteristics (for example, at 1775 cm-I), and anhy- 
dride formation (for example, at 1853 cm-1) wave num- 
bers may bc monitored and process parameters adjusted 
as a function of such real time kinetic information. 

In accurdance with another aspect of the invention, 
60 there is provided a process for infrared spectroscopic 

monitoring of insitu compositional changes in a poly- 
meric material comprising the steps of providing an 
elongated infrared radiation transmitting fiber that has a 
transmission Dortion and a sensor Dodon. embedding 

10 

duri& a proc&sing sequence that includes a s6u& of 65 the sensor pohon in the polymeric materiai to be mon; 
infrared radiation for generating ti beam of infrared tored, subjecting the polymeric material to a processing 
radiation, infrared spectrum analyzing means, an infra- sequence, applying a beam of infrared radiation to the 
red radiation transmission fiber that has a clad transmis- fiber for transmission through the transmitting portion 
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to the sensor portion for modification as a function of 
properties of the polymeric material, and monitoring 
the modified infrared radiation spectra as the polymeric 
material is being subjected to the processing sequence to 
obtain kinetic data on changes in the polymeric material 
during the processing sequence. Preferably, the process 
further includes the step of adjusting the processing 
lequence as a function of the kinetic data provided by 
the modiied infrared radiation spectra information. 

Other features and advantages of the invention will 
be Seen as the following description of particular em- 
bodiments progresses, in conjunction with the draw- 
ing~ ,  in which: 

FIG. 1 is diagram of a monitoring system in Bccor- 
dance with the invention; 

FIG. 2 is an enlarged diagrammatic view of a portion 
of the polymer-matrix composite being processed in the 
systrm of FIG. 1; 

FIGS. 3 and 4 are enlarged diagrammatic views of 
sensor fiber systems in accordance with the invention; 
and 

FIG. 5 is a diagram indicating an optical coupling 
arrangement between the sensor-transmitter fiber and 
the rssociated infrared spectroscopic analyzer equip- 
ment. 

DESCRIPTION OF PARTICULAR 
EMBODIMENTS 

The composite processing system shown in FIG. 1 
includes a pressure and temperature controlled environ- 
ment housing IO in which autoclave assembly 12 is 
disposed. Assembly 12 includes mold plate 14 and bag 
structure 16 which houses laminate structure 20 that is 
to be processed. Structure 20 includes an alternating 
series of fiber layers 22 (which may, for example, be 
woven) and uncured resin layers 24 that are disposed in 
stacked relation. Sensors 26 are embedded in resin lay- 
ers 24 and connected to infrared transmission fibers 28 
as indicated in FIG. 2. Surrounding laminate structure 

4 
connected to detector and processing apparatus 60. In 
another embodiment, shown in FIG. 4, the fiber 62' 
includes a single transmitter section 28' with cladding 
64', unclad sensor portion M'. and reflector structure 74 

5 so that the transmitted beam 66' as modified by absor- 
bance at the sensor 26' is reflected back through fiber 
6 2  to the entrance end. In another embodiment, a com- 
posite fiber has a sensing section 26 of chalcogenide 
glass and transmitting sections 28 of heavy metal fluo- 

10 ride glass. The optimal resin contact length of the sen- 
sor 26 is a function of the refractive indices of the fiber 
and the resin material to be monitored, epoxy and poly- 
imide resins typically having refractive indices in the 
range of 1.5 to 1.6. 

Shown in FIG. 5 in diagrammatic form is a sensor- 
transmitter fiber 62 with input coupling optics 80 that 
includes toroid 82 and cone 84 for coupling the input 
beam 66 from the interferometer to the fiber 62, for 
multiple internal reflections and modification by absor- 

20 bance at the sensor region 26, and similar coupling op- 
tics 88 that includes toroid 90 and cone 92 for directing 
the output beam 70 to the detector 60. 

In an illustrative polyimide composite processing 
cycle, the laminate structure 20 in autoclave 12 is ini- 

25 tially at room temperature. The temperature is gradu- 
ally increased to 200' F. and held for one half hour after 
which full vacuum is applied and the temperature is 
ramped up to 470' F. at which time 250 pounds pressure 
is applied. The temperature and pressure are held for a 

30 half hour and then the temperature is  again ramped up 
to about 630' F., the laminate structure being continued 
to be held under pressure for three hours and then the 
system cooled to less than 200' F. with vacuum vented 
and pressure released, the total cycle duration being 

35 about six hours. During this processing sequence, infra- 
red spectra obtained by the analyzer 60 from the several 
sensors 26 (which may number in the hundreds) provide 
information on kinetic changes in chemical constituents 
and molecular structures of the bolvimide resin as it is 

15 

#) is flexible dam structure 30. Disposed below and 40 being cured. Process control adjistments are made on a 
between laminate structure 20 and mold plate 14 is peel real time basis as a function of the analytical information 
ply 32 and sacrificial ply 34. Above laminate structure obtained from the analyzer spectra so that the resulting 
#) and enclosed by bag 16 are release fabric 36, bleeder laminates are of greater uniformity and quality. 
plies 38, breather plies 40 ad caul plate 42. Bag seal 44 While particular embodiments of the invention have 
extends around the periphery of the flexible dam struc- 45 been shown and described, other embodiments will be 
ture 30, and edge bleeder structure 46 is disposed be- apparent to those skilled in the art, and therefore it is 
twem seal 44 and dam 30. Coupled to edge bleeder 44 not intended that the invention be limited to the dis- 
via passages 48 is mold-venting manifold which is con- closed embodiments or to details thereof, and depar- 
nccted through coupling 52 to a pressure source which tures may be made therefrom within the spirit and scope 
may apply vacuum or atmospheric pressure depending SO of the invention. 
on the particular application. 

The IR transmission fibers to which sensors 26 are 
connected are bundled (as indicated at 54) externally of 
the lnminate structure 20 to be processed and extend 
through seal glands 56 to infrared spectroscopy ~ a l y -  55 
zcr apparatus that includes Michelson interferometer 
source 58 and receiver analyzer 60 and may be a Digilab 
FIX-60 analyzer. 

With reference to the diagrammatic view of FIG. 2, 
disposed in the resin 24 between the fiber layers 22 are 60 
IR transmitting fibers 62 that have a sensor portion 26 
and integral IR transmission portions 28. As indicated in 
FIG. 3, the optical fiber 62 has polymeric or other suit- 
able cladding 64 in transmission portions 28 and is un- 
clad at the sensor portion 26 so that portion is exposed 65 
and in direct contact with resin 24. The radiation beam 
66 from interferometer source 58 is applied to input end 
68 and the modified exit beam 70 at output end 72 is 

What is claimed is: 
1. An infrared spectroscopy system for monitoring 

a source of infrared radiation for generating a beam of 

infrared spectrum analyzing means, 
an infrared radiation transmission fiber that has a 

transmission portion and a sensor portion adapted 
to be embedded in the polymeric material to be 
monitored, and 

means for coupling said transmission fiber to said 
source to transmit a beam of infrared radiation 
through said fiber to said sensor portion and for 
coupling said fiber to said infrared spectrum ana- 
lyzing means for analyzing the resulting spectra as 
said polymeric material is processed to provide 
kinetic information on the pr-ssing of said poly- 
meric material. 

the proceSsing of a polymeric material comprising 

infrared radiation, 
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2. The system of claim 1 wherein said source is of the 13. The process of claim 12 wherein said polymeric 

material bcmg monitored is selected from the class con- 
3. The system of claim 1 wherein said spectrum ana- sisting of epoxia and polyimides. 

14. The proccss of claim 13 wherein the material of 
4. The system of claim 1 wherein the material of said 5 said infrared radiation transmitting fibers is selected 

from the C h i s  consisting ofchalcogenide glass such as 
arsenic sulfide or arsenic germanium selenide, heavy 
metal fluoride glass, such a mixture Of Zin2OniUm, bar- 
ium, lanthanum and aluminum fluoyides, and polycrys- 

Michelson interferometer type. 

lyzing means is of the Fourier transform type. 

fiber is selected from the class consisting of chalcogen- 
ide glass such as arsenic sulfide or arsenic germanium 
A&&, heavy metal fluoride glass, such as a mixture of 
zirconium, barium, lanthanum and aluminum fluorides, 
and polycrystalline of single materials such as 10 talline or Sbgk Crystal materials such Bs thallium bro- 
thallium bromoiodide or cesium iodide. 

5. The system of claim 1 wherein said sensor [fiber] 
portion has a diameter of at least about one hundred 
micrometers and a refractive index greater than 1.7. 

6. The system of claim 1 wherein said [sensor-trans- 
mittcr] rronrmirrion fiber has a length of at least about 
two meters with a clad transmission portion and an 
unclad sensor portion, both of which are adapted to be 
embedded in the polymer material to be monitored. 

7. The system of claim 6 wherein said fiber has a 
diameter of at least about one hundred micrometers, a 
refractive index greater than 1.7 and an overall trans- 
mission loss of less than 5 dB per meter over an 
1800-750 wavenumber bandwidth and said Sensor por- 
tion of said fiber has a length that is less than about five 
percent of the overall length of said fiber. 

8. The system of claim 7 wherein the material of said 
fiber is selected from the class consisting of chalcogen- 
ide glass such as arsenic sulfide or arsenic germanium 
selenide, heavy metal fluoride glass, such as a mixture of 
zirconium, barium, lanthanum and aluminum fluorides, 
and polycrystalline or single crystal materials such as 
thallium bromoiodide or cesium iodide. 

9. The system of claim 1 wherein said Csensor-trans- 
mitter) trunsmission fiber has an overall transmission 
loss of less than 5 dB per meter over an 1800-750 wave- 
number bandwidth. 

10. A process for infrared spectroscopic monitoring 
of insitu compositional changes in a polymeric material 
comprising the steps of 

providing an elongated infrared radiation transmit- 
ting fiber that has a transmission portion and a 
m s o r  portion, 

embedding said sensor portion in the polymeric mate- 
rial to be monitored, 

subjecting said polymeric material to a processing 
sequence, 

applying a beam of infrared radiation to said fiber for 
transmission through said transmitting portion to 
said sensor portion for modification as a function of 
properties of the polymeric material, and 

monitoring the modified infrared radiation spectra as 
said polymeric material is being subjected to said 
processing 6cquencc to obtain kinetic data on 
changes in the polymeric material during the pro- 

11. The process of claim 10 and further including the 
step of adjusting the processing sequence as a function 
of the kinetic data provided by said modified infrared 
radiation spectra information. 

12. The process of claim 10 wherein a polymer-fiber 
matrix is being monitored, said polymer-fiber matrix 
including alternating layers of fibers and polymer resins, 
and the sensor portions of a plurality of said infrared 
radiation transmitting fibers are embedded in spaced 
relation in said polymer resin layers. 

cessing sequence. 

moiodide or cesium iodide. 
15. A elongated infrared radiation transmitting pro- 

cess monitoring fiber for use in the process of claim 10, 
said fiber having a transmission portion and a sensor 

I5 portion, said fiber having a length of at least about one 
meter and said sensor portion having a length that is less 
than about five percent of the overall length of said 
fiber. 

16. The fiber of claim 15 wherein said fiber has an 
20 overall transmission loss of less than 5 dB per meter 

over an 1800-750 wavenumber bandwidth, a diameter 
of at least about one hundred micrometers, a refractive 
index greater than 1.7, said sensor portion is unclad, and 
said transmission portion is clad. 

17. The fiber of claim 16 wherein the material of said 
fiber is selected from the class consisting of chalcogen- 
ide glass such as arsenic sulfide or arsenic germanium 
selenide, heavy metal fluoride glass, such a mixture of 
zirconium, barium, lanthanum and aluminum fluorides, 

30 and polycrystalline or single crystal materials such as 
thallium bromoiodide or cesium iodide. 

18. A system for insitu infrared spectroscopic moni- 
toring of a polymer-fiber matrix to provide kinetic in- 
formation during the curing of the polymeric constitu- 

35 ent of said polymeric fiber matrix, said polymer-fiber 
matrix including alternating layers of fibers and poly- 
mer resins, comprising 

a plurality of infrared radiation transmitting fibers, 
each said rmnrmirfing fiber having a transmission 
portion and a sensor portion, the sensor portions of 
said frunsmifzing fibers being adapted to be embed- 
ded in spaced relation in said layers of polymer 
resin, 

a source of infrared radiation for generating a beam of 

means for coupling said transmitting fibers to said 
source to transmit infrared radiation through said 
fibers to said sensor portions, 

25 

40 

45 infrared radiation, 

infrared spectrum analyzing means, and 
means for coupling said fmnsmitring fibers to said 

idwed spectrum analyzing means for analyzing 
the resulting infrared spectra as said polymer resin 
constituents are being cured to provide kinetic 
information on the curing of said polymer resins. 

19. The system of claim 18 wherein each said infrared 
radiation transmitting fiber has a diameter of at least 
about m e  hundred micrometers and a length of at least 
about one meter, each said transmission portion is clad 
and each mid sensor portion is unclad, each said sensor 

60 portion has a length that is less than about five percent 
of the overall length of its rronsmitting fiber. 

20. The system of claim 19 wherein the material of 
said infrared radiation transmitting fibers is selected 
from the class consisting of chalcogenide glass such as 

65 arsenic sulfide or arsenic germanium selenide, heavy 
metal fluoride glass, such a mixture of zirconium, bar- 
ium, lanthanum and aluminum fluorides, and polycrys- 
talline or single crystal materials such as thallium bro- 

K) 

55 



Re. 33,789 
7 a 

moiodide or cesium iodide; said polymer-fiber matrix 
includes fiber of material such as graphite or boron and 
polymers of materials such as epoNes or polyimides; 
each said infrared radiation transmitting fiber has a 
refrnctory index greater than 1.7 and IUI overall trans- 5 cation with the same end of thefiber. 
mission loss of less than 5 dB per meter Over an 
16W750 wavenumber bandwidth; and further indud- 
h g  aUtOCb'e tYPe COntaillment StruCtUC for reCeiVhg 36 A system am&ing to chim 31 wherein said light 
arid polymer-fiber matrix during cure, Said containment 
ltructure including gland structure though said trans- 10 37. A procesr for detecting chemical chamcten3tics 

portions Of said tmnsmitting fibers afe Con- 

=tcd to said radiation and said infra- forming an opticalfiber having an unclad sensor section: 
red spectrum analyzer means. embedding the sensor section of the optical fiber in a 

within a material comphing: directing light into thefiber; and 

an unclad sensor section: 

the fiber; 

at least a pan of the spectrum of the modulated opti- 
CUI mdiation and, thereby, to detect chemical charac- 
teristics of the material in which the sensor section is 
embedded. 

22. A system according to claim 21 wherein the unclad 
SCnsor Section comprises a section beween the ends of the 
fibcr, and said source means is connected to one end of the 

other end of the fiber. 
23. A system according to claim 21 wherein the unclad 

sensor section is at the end of the fiber, and said source 

the same end of the fiber. 

fiber extendr outside said spectnrm analyzer means. 

unclad sensor section of the fiber is generally planar. 

trum ana&zer means comprises a Fourier tmnsform analy- 40 nal reflections 
zer. 

ing means comprires an integemmeter. 

sensor section is formed from chalcogenide glass 

genide glass is arsenic germanium selenide glass 

sectwn is formed fiom metal fluoniie glass. 

mlswte within afiber+&forred fomposite material, a m -  
phing: 

an optical fiber embedded in the fiber-reinfirred com- 
p i r e  material, the fiber haviw an unclad sensor 
aKtwn and the remainder of the fiber being clad; 

a light sourre connected to direct infmred mdiation into 
the fiber: 

ing from an end of the#ber; and 
a spectrum analyxer connected to the detector for mea- 60 

suring at least a part of the spectrqm of infmred mdi- 
ation absorbed by the composite material adjacent the 
s e w r  section. 

32. A system a m d i n g  to claim 31 wherein the unclad 
sensor section comprises a section intermediate the ends of 65 
thefiber, and the light source is connected to one end of the 
fiber and the spectrum analyzer is connected to the other 
end of the fiber. 

33. A system according to claim 31 wherein the unclad 
sensor section is at the end of thefiber. 

34. A system according to claim 33 wherein the light 
source and the spectrum analyzer are in optical communi- 

35. A system according to claim 31 wherein the spectrum 
analper fomphm a Fourier tmnsfonrr analyzer. 

source includa an interfermeter. 

within a m t e k f .  comp&ing the steps 

21. A system for detecting chemical chamcteristics material to be analyzed: 

411 qtimlfiber embedded in a m a t e k t  thefiber having opemting a spectrum analyzer connected to the f i h r  to 
analyze at least a part of the spectrum of said light 
absorbed by the material adhcent the sensor section. 

38. A process according to claim 3 7 wherein the material 
wurce means connected to direct optical mdiation into 

encoding means to modulate the optical radiation; and 20 is a thermosettable matri* 
to lhefiber to 39. A process according to claim 38 wherein the analyzer 

is opemted while the resin. 
40. Aprocess according to claim 39 wherein the analyzer 

the desree of crars-linking of the resin. 
41. A pmess according to claim 3 7 wherein a plurality 

of the opticalfilbprs, each having a sensor section, are em- 
bedded in the materials at selected locations 

3o to be analyzed is located external of the analyzer. 

25 

fiber and saidspectnrm analyzer is connected to the 42* Aprocess according to claim 37 whe&PI the materia1 

43. A process according to claim 42 wherein the analyzer 
is a Fourier tmnsfirm infmred 

radiation is in the mid-mdiation spectrum 
Is* A process according lo claim 44 wherein the wave- 

lengths of analyzed radiation ranges from about five to 
abourfiBeen microns* 

46. A pnxess according to claim 45 wherein the spec- 
trum ana&sis is accomplished by measuring multiple inter- 

4Z A process according to claim 37 wherein the unclad 
sensor section is connected between the ends of the fiber 
and light is directed into one end of the fiber and the spec- 
trum analper is connected to the other end of the fiber. 

48. A process according to claim 37 wherein the unciad 
Sensor section is  at the end Of the fiber- 

49. A process according to claim 3 7 wherein the core of 
the oPticalfib@r isformedfmm ChalcOgCnide dakE. 

50. A pmcesr according to claim 37 wherein the core of 

51. A ~ W S S  for providing in-situ detection of chemical 
conditions within a Jber reinforced composite material 
during curing, comphing: 

embedding an optical fiber in the fiber-winforced com- 
p i t e  matenbl with at least one end of the fiber ex- 
tending from the matenbl, the fiber having an unclad 
sensor section and the remainder of the fiber being 
clad; 

connecting a w u m  of infmred mdhation to the fiber;. 
and 

connecting a Fourier tmnsform spectrum analyzer to the 
fiber for detecting the spectrum of infmred radiation 
absorbed by the composite material adjocent the un- 
clad sensor section. 

52. A procesr according to claim 51 wherein the unclad 

53. A process according to claim 51 wherein the unclad 

means and wid spectrum analyzer means are connected to 44* A P*ess amrdirts to claim 43 whe?dm the analyzer 

24. A system according to claim 21 wherein said optical 35 

25. A system according to claim 23 wherein the tip of the 

24 A system according to claim 21 wherein said spec- 

27. A system according to claim 21 wherein soid encod- 

2& A system according to claim 21 wherein Mid unclad 

29. A system according to claim 21 wherein said chalco- 

30. A system acconling to claim 21 wherein said sensor 

31. A system f i r  providing in-situ detection of the chemi- 30 the OPtiCaljibcr bformedfmm metal f l u o d e  glass. 

45 

35 

a detector connected to detect infmred mdiation emerg- 

sensor section is at the end of the fiber. 

sensor section is between the ends of [he fiber. 
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54. A sensor for use with a spectrum analyzer for detect- 

ing the chemical state of materials external to the spec- 
tmmeter comprising: 

=tion for 
insertion into a material whose chemical state is to be 

spectrum anabzer. inp 

analyzing means for detecting chemicnl characteris- 
tics of said material. 

57. The Mtem of claim 56 wherein the material of said 
transmission portion of said optical radiation transmission 

5 fiber is dtgerent f m m  the material of said sensor portion. 
insit,, detection of the chemi- 

and end adapted f o r  lo a cal state of a fiber-reinforced composite material compris- 

an optical fiber having an unclad 
A sysrem f o r  

55. A sensor acconling to claim 54 wherein the material 
comprising the sensor section is compatible with Fourier 10 
transform infmred spectrum analyzer. 

56. A system for detecting chemical chamcteristics of a 
material comprising 
a source of radiation for genemting a beam of radiation, 
analyzing means, 
an optical mdiotion tmnsmission fiber that has a trans- 

micrion portion and a sensor portion adapted to be 
disposed in said material to be monitowd, and 

means for coupling said transmission fiber to said source 20 
to transmit a beam of radiation through said flber to 
said sensor portion and for coupling said fiber to said 

1s 

25 

1 

an opticalfiber. saidfiber having a transmission portion 
and a sensor portion, the sensor portion of said fiber 
being adapted to be dhpoed in said fiber-reinforced 
composite material, 

a source of radiation for genemting a beam of radiation, 
means for coupling said optical fiber to said source to 

transmit radiation through said fiber to said sensor 
portion, 

spectrum analyzing means, and 
means for coupling said fiber to said spectrum anahzing 

means for measuring at least a part of the radiation 
absorbed by the composite material a4acent said 
sensor portion. 
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