AFWAL-TR-81-2049

TEST AND EVALUATION OF U.V. FIBER OPTICS
FOR APPLICATION TO AIKCRAFT FIRE DETECTOR SYSTEMS

HTL INDUSTRIES, INC.

ADVANCED TECHNOLOGY DIVISION
1800 HiGHLAND AVENUE

DUARTE, CALIFORNIA 91010

JUNE 1981

FINAL REPORT FOR PERIOD: MAY 1980 - MARCH 1981

APPROVEDR FOR PUSLIC RELEASE; DISTRIBUTION UNLIMITED

AERO PROPULSION LABORATORY
- " >-AIR FORCE WRIGHT AERONAUTICAL LABORATORIES LT

' QC'S«\IR FORCE SYSTEMS COMMAND | s
CAVRIGHT-PATTERSON AIR FORCE BASE SRR

LLHAYTON, OHIG _ A

o=
‘ oo
€. 81 10 27 280




NOTICE

whan Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation,
i the United States Government thereby incurs no responsibility nor any obligation
| whatsoever; and the fact that the government may have formulated, furnished, or in
E any way supplied the said drawings, specifications, or other data, Is not to be re-
] 3 garded by implication or otherwise as in any manner licensing the holder or any
B . 9 other person or corporation, or conveying any .ights or permission to manufacture
A use, or sell any patented invention that may iIn any way be related thereto.

This report has been reviewed by the Office of Public Affairs (ASD/PA) and is
3 releasable to the National Technical Information Service (NTIS). At NTIS, it will
9 be available to the general public, including foreign nations.

f{c;,i This technical repor* has been reviewed and s approved for publication. ’
¢ 7773 Ltd (A
ALy /. /‘,@éﬂ*j . J-S{r*-»
G.T. BRERY, Project cnginel} ROBERT G CLODrEL“ , Chief
Fire Protection Branch Fire Protection sranch
fuels and Lubrication Division Fuels and Lubrication Division
Aero Proupulsion Laboratory Aero Propulsion Laboratory

FOR THE COHNANDER

b ) i

ROBERT D SHERRILL, Chief
Fuels and Lubrication Division
Aero Propulsion Laboratory

*If your address has changed, if you wish to be removed from our mailing list, or
if the addressee is no longer employed by your organizaticn please notify AFWAL/POSH.
W-PAFB, CH 45433 to help us maintain a current mailing list".

Copies of this report should not be returned unless return is required by security
cencsiderations, contractual obligations, or notice on a specific document.




R

SECURIWSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
_ | (/) REPORT DOCUMENTATION PAGE
i o/ f REPO BER 2. GOVT ACCESSION NO.f 3. -RECIPIENT'S CATALOG NUMBER
/o A | p
o AFWAI;}TR 312919 | fp-41CCs29] /
3 ~— . J4 TITLE lacd ST s, #YPE OF REPORT 8 PERIOD COVERED
-} IEST AND EVALUATION OF U.y. FIBER OPTICS Final Rfeporf; [t
- ] 'FOR APPLICATION TO AIRCRAFT FIRE DETECTOR f J 5 Moy i -'% '\ 7ld,
§YSTFMSp L 5. PERFORMING 03, REFART MUMBER ..
7. Auruoa(s;/ 8. CONTRACT OR GRANT NUMBER(Y)
E ) F33615-80-C-2042 |
3 . E 9 PERFORMING ORG.ANIZATION NAME AND ADDRESS = 10 i;giﬂeAuoﬁé_KEnsINT;'ANF’L;;!M‘O.B.JEEF(;S'I'. TASK
_ > 8 iHT., Industries, Inc.
Gl r 2dvanced Technology Division 6220311‘\)3}343 r g1
., Dusrte, Calif 91010
ko * .. 8 (11 ConTHA L 4G OFFICE NAME AND ADDRESS T2 DATE 777
¥ oef - H . B
-,i o Revo Propulsion Laboratory (AFWAL/POSH) / mgal r .
NN Air Forc> Wright Aeronautical Laboratories [3 NUMBER OF PAGES -"_, 71 V4
e A Wright-Patterson AFB, Ohio 45433 56 i

14 HOWIVQRING AGENCY NAME & ADORESS(:!f ditterent from Controlling Ollice) 1S SECURITY CLASS. ™aisdef¥ folmrt) ¢

Unclassified

TS DECL ASSIFICATION DOWNGRAOING |
SCHEDULE

16 OISTRIBUTION STATEMENT rof thit Report)

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

M

b

17. DISTRIBUTION STATYEMENT .of the abstract entered .n &och 20 11 ditterent from Report)

18 SUPPLEMENTARY KROTES

e e i

19 XY wORDS Conlinye on reverse side if necesegry and Identify By Block nuaxder)

S

Test and evaluation of U.V. Fiber Optics for use as aircraft fire detectors.

p_—

I0 ABSYRACY fCastinue wn rovetse aide If necoseary acd [fenrlix Ay Rleck number)

"1t wus found that in the U.V. solar blind region, there are severe limitations on
the field of view obtainable in Fiber Optic coupied systems. These restrictions
are such as to make further consideration of the wide angle system concept
unprofitable. This effectively limits the use of such svstems in fire detection to
applications where the precise location of a flame can be predicted. It is con-
cluded that the perfornitnce of optical fibers in the U.V. solar blind wavelengths
is such that the irade-off gains proposed in AFAPL-TR-78-84 cannot be realized
in practice,

DO J::‘;, 1473 €01TON OF 1 NOV #3 15 ORSOLETE 7",/{ / w // . ,,

SECURITY CLASSIFICATION OF THil PAGE (When Dela Eateced)

o e i e e e

=

gl

it
Sk
oy




T

FOREWORD

This report was prepared by HTL Industries, Inc., Duarte, Ci.,
under USAF Contract No. F33615-80-C-2042. The contract was {nitiated
under Project 3048, "Fuels, Lubrication, and Fire Protection, Task
304807, "Aerospace Vehicle Hazard Protection'. Tnis program was funded
with FY80 Aeroc Propulsion Laboratory Director's Funds with G. Trask Beery
and Thomas C. Hillman as project engineers.
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This report is 4 summary of work completed on this contract during
the period, May 23, 1980 through March 23, 1981.
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SUMMARY

This program was undertaken as a logical follow-on study of the design concepts
proposed in AFAPL-TR-78-84,and with the particular aim of measuring and evalu-
ating the performance of optical fibers in the short wavelength, U.V. solar blind

region.

Specified components were obtained from commercial sources and evaluated for the
properties relevant to both the design concepts of wide angle and long reach opti-
cally coupled systems.

It was found that, in the U.V. solar blind region, there are severe limitations on

the field of view obtainable in fiber optic coupled systems. These restrictions are
such as to make further consideration of the wide-angle system concept unprofitable,
particularly against a background of changed trade-off parameters such as significant

weight reduction in direct viewing sensors.

lLong reach systems were modeled with a variety of input optical systems. Signifi-
cant optical gains could be made, but only at the expense of further restriction on
the angle of view. This effectively limits the use of such systems in fire detection

to applications where the precise location of a flame can be predicted.
It is concluded that the performance of optical fibers in the U.V. solar blind wave-

lengths is such that the trade-off gains proposed in AFAPL-TR-78-84 cannot be

realized in practice.
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INTRODUCTION

The Air Force has maintained a continued interest in optical methods of
detecting engine nacelle fires for over 20 years. During this time there
have been several developments in technology, making it possible to now
provide systems with true volume coverage of a fire zone, with fast response
to a hazard, while remaining unresponsive to other radiation signals present
in the aircraft environment. Such systems have reached the stage of flight
demonstration on high performance aircraft and are currently configured to
utilize gas-discharge electron tube flame sensors for direct viewing of the
potential hazard volumes. The senscrs operate in the range below 280 nano-
meters wavelength and are not sensitive to solar radiation. It has also been
realized that there may be penalties associated with the use of direct viewing
sensors, including (a) the number of sensors required to "see" all parts of
an obstructed volume, (b) the sensor weight, particularly when comparing
early U.V. detectors with in-service thermal detection systems, and (c¢) the

wiring required in the fire zcne, with its weight and cost implications.

A potential method of reducing these penalties of direct viewing sensors is
the use of fiber optic coupling from the hazard volume to a remotely located
sensor. This may provide a method of both reducing the number of sensors
required and climinating aircraft wiring within the fire zone. These concepts
are discussed in a study of the Applicability of Fiber Optics to Aircraft Fire
Detention Systems (AFAPL-TR-78-84). The results of the study indicated
ihe ne:d for quantitative test data, particularly at short wavelength U.V.
where there was a lack of published data. It was the objective of this follow-
on program to determine the specific limitations and capabilities of current

U.V. fiber optics and coupling techniques for aircraft fire detection.

The work described in this report falls into two main parts, the first concern-
ing measurement of the transmission of U.V. radiation through commercially
available optical fibers and the second, the investigation of model flame detec-

tion systems including input and output optical coupling.

The theoretical considerations. practical measurements, and applicability of

results to {ire detection systems are discussed.

-1-




2. THEORETICAL CONSIDERATIONS

It was shown in Reference 1 that the optical gain through a lens system between
a source and a detector can be expressed as:

(MDs _fAas\/9b\2 T (1)
p (OB ‘(703)(3; °

[ where: p(})g s the power coupled to the detector (at wavelength 1)

via the optical system with input aperture at distance
dg from source.

p(})p, is the power coupled to a "bare detector” at a distance

.
T3 dp from the source.
Ag is the effective aperture area of the optics system.
3 Ay is the effective sensitive area of the bare detector.
"{
Ty is the lumped transmission coefficient of the optical
system.
Therefore, comparing a bare detector and the lens system at the same distance
from the source (dy = dg) the maximum possible optical gain (T = 1) is:

P()s . Ag .
¥ Py K[h) G(L)

(2)

This quantity can be made very large by using large diameter input apertures.
However, large apertures necessarily introduce restrictions on the field of
view of the system. It can be shown that (Reference 2):

| S {E:TT'&'\( 1.0 (3)
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where a
d
N' = refractive index of medium adjacent to detector

objective aperture diameter

[}

detector diameter

« = half angle of field of view.

This is a theoretical limit and its derivation makes no assumptions about the
optical system between the input aperture and the detector. This system can
include any type of optical component, e.g., lens, mirror and light pipes.

In practice, it is difficult to design systems to approach theoretical perform-
ance, and a more realistic limit is:

ax 0.5 (4)

N'd

Equations 3 or ¢ can be combined with Equation 2, assuminyg ua circular detector,

to give a relationsliip between optical gain and maximum field of view:

(5a)

i

or « 5 N' (Sb)

l

0<l"

Equations Sa & 5b are plotted at YFigure 1 for an air immersed system (N' = 1).

The effect of seeking large optical gain in a system is seen to be that severe
limitations sie placed on the field of view available.

The implication of this in a fiber optic coupled fire detection system is that
optical gain may be used to compensate for iransmission losses in the fiber
and retain the performance of a bare detector in terms of sensitivity, but only

at the expense of severe restriction of the field of view.
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MEASUREMENT OF FIBER PROPERTIES IN THE U.V.

It was recognized in the previous study (AFAPL-TR-78-84) that inadequate
data was available on optical fibers in the U.V. solar blind region, and that
quantitative information should be acquired before design concepts could be
pursuved.

A prime task cf this program was to develop the required data, and that work
is recorded in this section of the report. The fiber samples were obtained from
commercial sources and performance data developed in the U.V. short wave-
length region, with particular emphasis on the measurement of Transmission
and Numerical Aperiure, key factors in determining the potential application

to fire detection systems.

3.1 Optical Fibers Tested

1) Silicone coated silica fibers manufactured by Jena Glasswork

Schott and Gen. (obtained from Schott Glass Ltd., Drummond Road,

Stafford ST16 3EL, U.K.). These fibers were made up into

fiber bundles with protective metal or plastic sheathing.

2)  Silicone coated silica fiber manufactured by Quarts et Silice
fobtained from Nuclear and Silica Products Ltd., 44-46 The Green,
Wooburn Green, High Wycombe, Bucks, HP10 OEU, U.K.). This
was in the form of a single fiber type QSF 300 with a protective
Tetzel wating.

3) ESKA acrylic optical {iber manufactured by Mitsubishi Rayon
{obtained from Optrunics Ltd. , Cambridpe Science Park, Milton
Road, Cambridge, CB4 4BH, L.K.). This was in the form of a

single fiber with a protective cvating.

A summary of the manufamturers data on t+~se fibers is given in
Table 1.
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3.2.1

Experimental Details

Fiber Preparation

Fiber bundles of type 1 required no preparation as th.y were supplied
with finished ends and end fittings in three different iengths. However,
fibers of types 2 and 3 were supplied as sample lengths with no end
preparation. They were therefore cut to suitable lengths and the

ends mounted in an epoxy resin and the cut surfaces polished flat

with diamond grit to reduce scattering losses at the input and output.
The quality of the polishing was tested by measuring transmission

through the fiber with visible radiation.

Transmission Measurements

Transmission measurements were made in the U.V. at two discrete
wavelengths, 254 nm and 214 nm. These wavelengths were chosen

as they fall within the bandwidth (200-260nm) of gas discharge tube
detecters currently in use as solar blind flame detectors. The source
for the 254 nm measurements was a mercury discharge lamp (Philips
Type 0Z4W), used with a rarrow band filter to select the 254 nm U.V,
emission line. The source for the 214 nm measurements was a zinc
hollow cathode lamp, again used with a narrow band filter to select

the 214 nm emission line. The experimental arrangement uscd for the
transmission measurements is shown in Figure 2 (a). The input numeri-
cal aperture for the system was very small € = < 1 degree) so thal the
transmission measured was essentially for parallel illumination perpendi-
cular to the end of the fiber. Measurements were taken of the inpu’
intensity of illumination by placing the detector berind the inputl aper-
ture. The overall transmission coeflicient was then obtained by measur-
ing the intensity of radiation at the end of the fiber. The altenuation
of the fiber. as a {unction of length, was investigated by measuring
the transmission for different lengths of each fiber and assuming that

the inputl and oulput losses were oconstant. The detector normally
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3.2.2

3.2.3

3.3

3.3.1

(Continued)

used was a photomultiplier tube with a U.V. extended sensitivity
photocathode (EMI Type 62568). Some measurements were also made
with U.V. extended silicon photodiodes (RCA C30843; E.G. & G. 444B;
Centronics OSD 100-1). These measurements were, however, less
satisfactory, as the output from these detectors was always due in

part to the visible radiation produced by the sources, even with the
narrow band filters present, so readings of U.V. intensity were made
by inserting a glass plate into the input beam, which removed the U.V.
radiation, and recording the change in output signal of the detector.
This procedure was not necessary with the PMT, as the output signal
due to the visible radiation present was not significant, Measurements
were also made using an unfiltered tungsten lamp as source and a silicon
photodiode as the detector as a check on the experimental conditions.
These measurements are for a band of wavelengths in the visible and
near infrared, probably biased to~ 0.9 ym because of the lamp out-
put and detector sensitivity peaking in this region.

Numerical Aperture Measurements

The field of view of the optical fibers was measured with the source
arrangement shown in Figure 2(a) except that the input end of the
fiber was mounted on a rotation table and the input aperture was
removed, shown schematically in Figure 2(b). Measurements of the
transmitted radiation were recorded as s function of the angle between
the direction to the source and the normal to the fiber end. Measure-
ments were maue at the same wavelengths as the transmission measure-
ments, 214 and 254 nm, and with the brocd band visible/I.R. system.

Results

Transmission Measurements

The measured transmission values for the fibers tested are summarized

-6 -




3.3.

3.3.

1

to

(Continued)

in Table 2. No transmission in the U.V. could be measured jor the
ESKA plastic fiber. The Quartz ct Silice P.C.S. (plastic coated silica)
fiber had measurable transmission at 254 nm (30%) bui no transmission
could be detected at 214 nm. The Schott fibers, however, had appreci-
able transmission at 254 nm ( > 40%) and at 214 nm ( > 10%). The error
values given for the transmission measurements in Table 2 are the
standard deviations in the values obtained with different detectors.
The transmission values for the different Schott fiber bundles have
been plotted in Figure 3 as 1n (T/100) against fiber length.

A measurement of transmission at 214 nm,as a function of temperature,

was also taken, using the 2 mm diameter, 255 mm long Schott fiber bundle.
The central 170 mm of the fiber was heated in a tube furnace and measure-
ments taken from room temperature (23°C) to 120°C, the maximum tempecra
ture specified “or this type of fiber in the cladding as supplied. No
significant di:“¢re..ce in transmitted intensity was detected over this

temperature range.

Field of View Measurcments

Typical field of view measurements are shown in Figure 4 and 5 for the
Schott 2 mm diameter, 500 mm long fiber bundle. Figure 4 shows the
output signal plotted as a function of angle of rotation of the input end
of the fiber with respect to the source direction for 254 nm wavelength
radiation. Figure 5 shows a similar plot obtained with 214 nm radiation.
From these curves the field of view has been measured as the full width
al half maximum ( 2« p 5) and the full width at 10% of maximum (2= 4 ),
and these values are listed in Table 2. The collected results for the
Schott fiber bundles are plotted as a function of {iber length in Figure 6.
These results were all obtained using the photomuitiplier tube as the

radiation detector.

o L3 e
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3.4

3.4.1

Discussion

Transmission Measurements

The transmission results shown in Table 2 indicate that of the fibers
tested, only the Schott fibers had useful transmission throughout the
band useful for solar blind flame detectiori. The Quartz et Silice fiber
had some transmission at 250 nm, more than expected from the manu-
facturers data {(shown in Appendix A of Reference 1), but the lack of
transmission at 214 nm agrees with the steeply rising attenuation
through the U.V. shown in the manufacturer's data. The disagreement
in sbsolute transmission vslues is not unexpected as the manufanturer's
values are for long length measurements ( > 250 m). Over the much
shorter lengths tested here, likely to be typical of fire detection instal-

lations, higher transmissions would be expected.

The Schott results agree well with the manufacturers transmission

values for comparable lengths at 250 nm, the shortest wavelength the
manufacturer provides data for. ¥rom Table 2 and Figure 3 it can be
seen that there is a marked increase in attenuation from 254 nm to 214 nm,
although there is still some transmission at the shorter wavelength. At
chorter wavelengths the transmission values become more dependent on
length and more variable between individual samples. The lergth depend-
ence should be due, at least in part, to the increasing attenuation of the
radiation in the silica core. From Figure 3 the attenuation coefficients

can be estimated using:

I = lgexp (-6 L)
where I = transmitted intensity
Io = input inlensity
L = length of fiber
6 = absorption coefficient
Int = Im T = -8L

b 106

The difference in the value of 8 at different lengths is estimated in order
to eliminate end effects.
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3.4.1

3.4.2

(Continued)

This gives values for g of ¢ 0.3 m™! at 254 nm and of 0.4 - 1.2 m-1
at 214 nm. The higher values are probably more reliable as these are
consistent with the measurements from the two fibers which are more

similar in the visible/IR measurements.

The diiference in transmission between individual fiber bundles is
contributed to by variations in input and output efficiencies (reflec-
tance losses), scattering due to faulis or impurities in the fibers and
possibly changes in refractive index of the cladding material. All of
those effects might be ¢xpected to become more important in the U.V,
causing the variation between samples to increase. Included in the
transmission losses at ¢!l wavelengths is the absence of fibers over
sume of the .iput area due to the packing fraction and the loss of
sumie .ndividual fibers due to breakage.

Field of View Measurements

The results show thet (he field of view, or the input numerical aperture
of a fiber in the U.V., is very restricted. The [ield of view for a

fiber is determined by the refrastive indices of the core and cladding

materials:
K = Qin € = 2 _ 2y 1/2
NLAL n, Sin (n, ng*)
where N A. = numerical aperture.
n, = reractive index of ambient
nl - " N ”n core
N = " " * cladding

n; and ny are functions of wavelength and tend to beoome closer together
at shorter wavelengths; therefere, the field of view progressivaly reduces
for shorter wavelength radistion as demonstrated by Figure 6. This
obviously restricts the area a fiber alone could survey but it also iaces

restrictions on any optical system designed t> collect radiation to increase
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3.4.2 (Continued)

the transmitted signal through a fiber optic to a radiation detector.
There is also a tendency for the field of view to decrease with fiber
length. due to higher attenuation for rays with higher input angle,
and there is some suggestion of this tendency in Figure 6.

3.5 Implications for Flame Detection

For a flame detection system, considering a detector sensitive in the
band 200-250 nm, cocllecting all the radiation output from an optical
fiber 1 m long, the transmission possible with Schott fibers would be
of the order of 25%. Thus, if there were no input optics to the fiber,
and the fiber area is the same as the detector sensitive area, the effec-
tive sensitivity in the fire zone would be only 25% that of a bare photo-
cell at the same temperature conditions. The use of fiber optic coupling
does enable the removal of the detector to a lower temperature environ-
ment, but the loss of sensitivity with temperature of the detector is not
large. Typical sensitivity at 260 °C is still greater than 70% of that at
20 °C. It is seen also that the 25% transmission through the fiber is
only operative over a small angular field of view of approximately

5 degrees. Thus it would require many fibers feeding into the same
photocell to cover the same field as a bare photocell (typically *45 degrees).
To increase the sensitivity. either the fiber optic area could be increased
or an input lens system of larger aperture than the fiber could be used.

; In both cases, however, the field of view would necessarily be restricted

. according to Equation 3 and Figure 1. In the first case, there would

S 8 have to be an optical system transferring the radiation from the fiber
output to the detector for good transfer efficiency. and this would be

difficult and complicated to arrange for many fibers feeding into the
3 same detector. In the second case, it would be difficult to increase the
. field of view over that of a bare fiber and increase the input signal

‘ simultaneously. even to the limit of Equation 3, as the numerical
P Y aperture of the fiber puts severe constraints on the design of the




3.5

(Continued)

optical system. Thus, it would appear unprofitable to pursue the

"wide angle" design concept, as the system would become necessarily
carmplex to match the performance of a bare photocell in terms of sensi-
tivity and field of view. Additionally, it is noted that other programs
supported by AFAPL, particularly the development of a U.V. Advanced
Fire Detecticon System, have significantly altered the trade-off data.
Bare detector weight is now realistically 0.12 1b. cowpared with over

7 lbs. premised in the previcus study (Reference 1).

It does seem possible, however, to design an input system which has

higher sensitivity along any one given direction, the "long reach" system
discussed in Reference 1. This system would have to have a gain of at

least four times to overcome losses in the fiber (or at least three times,
allowing for loss of cell sensitivity at fire zone temperatures up to 260 °C),
but much larger gains than this are theoretically possible according to
Equation 2. The construction and testing of a model system is described

in the following sectian.

- 11 -




4. TESTS OF A MODEL LONG REACH DETECTOR SYSTEM

4.1

4.1.1

Design of System and Test Procedure

Input System

The input system used for significant optical gains must collect radia-
tion over a relatively wide aperture with respect to the fiber aperture
and channel this radiation into the fiber over a small numerical aper-
ture. The simplest possible input system would be a single converging
lens focusing radiation from a distant source onto the front end, but

the numerical aperture of the fiber limits the aperture available, as
shown schematically in Figures 7(a) and 8(a) for lenses of focal lengths
50 mm and 25 mm, respectively. The obvious way to improve this situ-
ation is to use a second diverging lens close to the focus of the first
lens to reduce the angle at which the light is fed into the fiber. The
improvements in available aperture expected using a 2 mm u:ameter

fiber bundle for a 50 mm focal length lens combined with a -4 mm focal
length lens is shown in Figure 7(b). This combination of lenses is
referred to as System 1 below. A similar diagram for a 25 mm focal
length and a -4 mm focal length lens, referred to as System 2, is shown
in Figure 8(b). The properties of these four arrangements were investi-
gated using synthetic silica lenses with high transmission down to 200 nm
and 2 min diameter Schott fiber bundles of length 500 and 1000 mm.

The input systems were tested initially for "optical gain" by measuring
the ratio of outputs of the optical fiber with the PMT with and without
the optical system at the input. The source used for all the tests was
the zinc hollow cathode lamp producing radiation of 214 nm wavelength
at 600 mm from the input aperture. The optical system under test was
adjusted to give maximum output for this source distance.

_12...



4.1.1 (Continued)

The "system gain" was then determined by measuring the intensity of
radiation at the input position using the PMT directly. The measure-
ments were carried out for a range of input apertures by placing a
variable aperture in front of the objective lens. Field of view measure-
ments were also taken for each system by rcisting the system about a
vertical axis through the objective lens and measuring the output as a

function of the angle of rotation.

4.1.2 Tests with Gas Discharge Photocells

The only types of photocell currently in use as a flame detector in
,. ' aircraft are gas discharge photocells. These photocells present some
problems with regard to collecting the radiation from the optical fiber
output as the sensitive area of the photocathode is relatively small in
one dimension, non-circularly symmetric and at the center of a glass
envelope so that fiber ends cannot be placed close to the cathode.
Thus, for some of the tests using this type of photocell as the detector,
a short focal length lens was interposed between the fiber output and
.3 the detector in order that a demagnified image of the fiber output was
" produced at the detector cathode. The detector used throughout the
| S tests was a Graviner D6100 photocell in which the cathode is 0.5 mm

- diameter wire approximately 7 mm long. The seasitive area of the
3 - photocell is smaller than this in individual photocells by a variable
y amount difficult to determine. The tests were conducted by measuring
E the count rate of the photocell at the input position and then measur-
g f ing the count rate with the photocell at the output position of the system
. under test. The signal strength measured at the two positions was
compared by correcting the measured count rates to the equivalent
count rate at zero dead time in the associated operating circuit. The
results are therefore quoted as the signal strength as a percentage
of the bare photocell value. The source for all the tests was the zinc
hollow cathode lamp at 60 cm from the input to the system.

I m— - .
>
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4.2.1

Results

Ingut System

The best optical gains obtained with the 50 mm focal length lens
alone and with input system 1 are plotted as a function of
I\Z/D2 where:
A
D

1t

objective aperture diameter
fiber bundle diameter = 2 mm

in figure 9. A similar plot for the 25 mm focal length lens and
input system 2 is shown in Figure 10. For zero losses in the

input lenses these curves should follow a straight line of gradient
1 and this is approached for the single lenses at small apertures.
However, the limitation of the useful aperture due to the small
numerical aperture of the optical fibers is readily apparent.

There is obviously an improvement in the useful aperture introducing
the seoond lens into the input system, but there are more losses
introduced into the system as evidenced by the lower gradient of the
straight line proportion of the curves for system 1 and system 2.
This means that higher gains are obtained with a single lens at small
apertures but that higher gains can be obtained with the two lens
systems at larger apertures, although the useful aperture limit on
systam 2 at 12 mm diameter is obvious, and even system 1 becomes
progressively less efficient at large apertures.

Similar results to those shown in Figures 9 and 10 are shown in
Figures 11 and 12 for the different input systems, however, plotting
system gain, i.e., including losses in fiber transmission, directly
against objective aperture diameter.

The fields of view of the four input systemns are shown in Fiqures 13
and 14. These are very restricted in all cases but the addition of
the second lens caused a marked reduction of the field of view of
both system 1 and system 2.

- 14 -
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4.2.2 Results with Gas Discharge Photocells

Results obtained using gas discharge photocells as the radiation detector

are shown summarized in Table 3 for line of sight measuremen:s. These

G T
PRI R TR
.

: results show the same pattern as those obtained with tha PMT, the lergest
signal levels being obtained with the input system 1. The addition of the

lens between the output of the “her and the photocell mproved tne
signal by a factor of between 2 and 4, depending on the input conditious,
the greater improvement being obtained when the input num:ricai =per-

-
B it - aa i iy S iAo by Lol

tures of the fibers were completely filled as in arrangement 8.

The field of view of a fiber bundle alone coupled to a gas discharge photo-
cell by a 10 mm focal length lens is shown in Figure 15. The field of view k
is similar to, but slightly less than the same fiber bundle with the PMT as ‘l
the detector. Figure 16 shows the field of view obtained with arrangement 6 3
from Table 3. In this case, the field is narrower than that obtained with

the PMT.

4.3 Discussion

3 The results obtained with the various input systems show that significant *
optical gains can be obtained along a particular line of sight. but only at
the expense of extremely limited fields of view. Fields of view are some- (3
what improved with shorter focal length lenses, but in this case it becomes
more difficult to use large apertures and thus obtain high gains. This

o o b et o —

effect can be quantified by considering the optical input system as pro-
ducing an image of the field of view at the optical fiber input and apply-
ing the Lagrange Invariant (see for :xe<mple Reference 3) at the object
and image. The Lagrange Invariant, I, is constant for any optical
system and is defined by: :

- 19 -
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4.3

(Continued)

where I = hnu = h'n'u’

h,h' are the heights of the object and image

n,n' a~e the refractive indices of the mediums that
the object and image are immersed in

u,u' are the angles that rays at the base of the
object and image make with the optic axis.

Clearly. at the input to a fiber, h' cannot be greater than the radius
of the input area and u' cannot be greater than = or light from the
object is not transferred into the fiber. Therefore, for a given fiber
there are restrictions on the possible values of I and therefore on the
possible optical systems that are able to transfer radiation to the fiber
from the object.

In particular, if we consider the experimental conditions used above
of a Schott 2X 1000 mm fiber bundle with a source of 214 nm waveleagth
at 600 mm from the input aperture.

I €« 1x1x3.7 mm degrees
at the image.

Therefore at the object

hu < 3.7 mm degrees.

i.e., if h is large, u must be small and vice versa. h defines the field
of view and u defines the useful aperture at the objective lens. Thus,
this relationship can be converted to a graph of field of view against
available opilical gain, and this has been done in Figure 16. This

graph has the same form as the general restriction on any optical
detector shown in Figure 1 but produces much more severe restrictions.
The experimental values obtained are also plotted on Figure 17 and show
that the performance obtained is approaching the limiting values, parti-
cuarly at smaller apertures. At larger apertures the efficiency of ool-
lection of radiation is lower, as demonstrated by Figures 9 and 10.

- 16 -
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4.3

(Continued)

Obviously, any increase in available numerical aperture in the U.V.
would be very valuable in terms of increasing the available optical
gain and/or field of view. However, as observed in Paragraph 3.4.2,
such increases are more difficult to achieve in the U.V. than at longer
wavelengths,

The severe restrictions on the field of view and gain produced by cur-
rently available fiber optics mean that, for conventional fire detection
systems, any line of sight gain is of little value. Gains in signal level
are only obtained for point sources whereas most fires are extended
sources and only a small part will be on the line of sight of the detector.
For example, a 5 inch panfire at 4 feet occupies an angular field of

view of approximately * 3 degrees, and a detectOI: with a field of view

( « ) of 0.6 degrees would only respond to radiation from 4 percent

of its area. Thus, a line of sight system gain of 25 would be required
in order to produce the same signal level as a bare detector at the same
temperature conditions. Allowing for a loss of sensitivity of less than
30 percent for the bare detector if operated at temperatures up to 260 °C,
then the required gain is modified to about 18 to achieve the same signal
level.

Nevertheless, there may be situations where the narrow field of view

is relatively unimportant compared to, for example, the necessity of
"piping" radiation from inaccessible volumes, such as wing dry bays

of aircraft, provided the source intensity is nufficiently high. The
practical application of fiber optic coupled fire detectionn systems appears
to be limited to such situations.

- 17 -
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SUMMARY OF TEST AND EVALUATION RESULTS

5.1

9.2

5.3

5.4

Currently available silicone coated silica optical fibers have useful
transmissions (~ 25%) in the U.V. wavelength range of interest in
fire detection over lengths of the order of 1 meter.

The numerical aperture of these fibers iz small (approximately 0.07),
however, and this places severe restrictions on the field of view
available.

Line of sight optical gains of the order of 25 have been obtained with
model input lens systems but with very restricted field of view (approxi-
mately 0.5 degrees).

Larger field of view can only be obtained with similar gains if optical
fibers become available with higher numerical apertures in the U.V.
This would require new cladding materials that maintain a higher
refractive index difference between cladding and core into the U.V.
wavelengths. However, very large improvements would be required,
and there is presently no indication that such improvements could be

obtained easily.

- 18 -
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CONCLUSIONS

The over-riding conclusion from this program is that the field of view obtainable
through fiber optic coupled systems in the U.V. solar blind region is much more
restricted than had been assumed during the conceptual study recorded in
AFAPL-TR-78-84.

Specified components were obtained and evaluated in the U.V. solar blind region
for the optical properties essential in both the wide angle and long reach systems.
Severe limitations were found in the field of view obtainable at shori wavelengths

which made further consideration of the wide angle concept unprofitable.

The best sample of optical fiber was tested to an environmental temperature
of 120°C and showed no change of performance. The environmental performance
of optical fibers is likely to be governed by the cladding materials rather than

any inherent limitation of the core material.

Long reach systems were modeled with a variety of input optical systems. Eval-
uation showed that significant optical gains cculd be made at the input system
but only at the expense of further severe restriction on the angle of view.

This effectively limits the use of such systems as flame det ctors to applications
where either the precise location of a flame can be predicted or where the fire
event is so widespread as to provide a large probability of radiation along a

narrow line of sight.
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TABLE 1

MANUFACTURERS INFORMATION ON FIBER TYPLS TESTED

.' FIBER TYPE AND TRANSMISSION NUMERICAL WAVELENGTH TEMPERATURE
. CONSTRUCTION % APERTURE NANOMETER RANGE
1000mm length

" Schott. Silicone ) 43 n/a 250 -40 to +120°C

4 coated silica ) 52 .26 366 as sheathed

4 100 um fibers made ) 55 0.35 540

k up into bundles ) n/a 0.42 860

2 and 3mm dia, )

I Quartz et Silice QSF 300) 70 500 -50 to +250°C
Silicone coated silica ) 0.27 Not

3 specified

3 300um single fiber, ) vl 250

Tefzel coated i

B ESKA ) ~50 400 -30 to +80°C
Polymethiylmethacrylate ) 0.5 Not

specified

coated with fluorocarbon )
-4 1 mm. dia single fiber. )

- 20 -
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TABLE 2

TRANSMISSION AND FIELD OF VIEW OF FIBERS TESTED

Wavelength 2« 2= Numerical
Fiber Diameter/Length  Transmission Nanometer de&ér’es deélt‘ées Aperture
(mm) 3
ESKA 1/330 38 Vis. 44 54 0.37
(plastic) (single fiber) <0,02 254
<0.02 214
Quartz  0.3/775 70 Vis. 10 18 0.09
et silice (single fiber) 30 254 8 16 0.07
{(PCS) <0.3 214 '
Schott 2/1u00 66 Vis. 41 66 0.35
(PCS)  (2mm dia. bundle 43%1 254 9.0 16.4 0.08
of 100um fibers) 11.523.0 214 7.4 12.0 0.065
" 2/500 64 Vis. 38 59 0.325
(2mm bundle) 411 254 10.4 16.6 0.09
14+2 214 8.4 13.4 0.075
" 2/255 66 Vi, 40 68 0.34
(2mm bundle) 54+3 254 9.6 16.0 0.085
28+10 214 7.2 12.1 0.065
" 3/255 53 Vis. 52 68 0.44
(3mm dia. bundle 4023 254 11.4 18.2 0.10
of 100um fibers) 157 214 8.5 15.1 0.085

- 21 -
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TABLE 3

SYSTEM TESTS WITH A GAS DISCHARGE PHOTOCELL

System Sensitivity

Input Fiber Output % of Base Photocell
None Schott 1000 x 2 None 2-3
None Schott 1000 x 2 F = 10mm lens 4-6
System 2 Schott 1000 x 2 None 2022
9.5mm dia.aperture

" " " F = 10mm lens 60+12
System 1 " " None 56
20mm dia. aperture

" " " F = 10mm lens 180%12
ot B8 Spertare  © N §

" " " F = 10mm lens n

- 22 -
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FIGURE 6
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“PRODUCT

INFORMATION

Fibre Optics

Flexible UV Light Guides
Flexible UV Cross-Section
Transformers

UV light conducting tibres are pro-
duced by a special techmque 1n which
fused quartz fibres are optically insula-
ted with a plastic sheathing. Unlike
normal hght conductors made entirely
of optical glass. they can also transmit
ultra violet hght at wavelengths down to
approximately 250 nm

Flexible UV hght guides consist of
bundies of the above fibres. the ends
being tightly secured in ferrutes and the
whole being protected frommechanicat
damage by sheathing

Single, multi-branched, and cross-
section transformer ight guiges can be
used to transmut ultra-violet hght atong
a chosen path. Typically they can be
used to transmit UV hight into inacces-
sible areas such as those expenenced
in analysis, measuring techniques and
medicine.

Multi-branched hght guides have
many vaned uses. In fluorescent light
barniers ultravioiet hght can be trans-
mitted by one arm of the hight guide and
the fluorescent light tfrom the subject
guided 1o the receiwver by a second
conductor arm.




- Standard Type —
Technical Data

b Fibre: Light Guide Length
' Type: uv Wavelength 1000 mm ! 1800 mm
Fibre Diameter 100 micron e T e e T
S Numerical Aperture NA . R B L AR
: and Maximum Aperture Angle 2a, 366 0.26 30.1° 0.21 242°
are dependent on wavelengthandlight  ——— -~ —=——=— = === S
guide Iength: L 5_40 s _0.3« o 41._9 ! __9'__28 _ 32,-5___
860 042 49.7¢ I 037 434°
Types of Sheathing: B - . -
- Metal
b § Chrome plated, .
3 3 withstand temperature 120°C. i
o Metal/PVC g 8
E g Metal sprayed with PVC, ‘ Length {mm) 500 | 1000 |1800
R withstand temperature — 40°C to 60 — _i {
k + 80°C : ,f"b.’:::o...- castesssetesesarepa T.‘dzi
. : { ’..,.-‘ //
© ] . . ’ o 40
3 Dimensional Tolerance: i b d
3 o I ST 5
Light Guirde Length Tolerance I 8 20 ==
e N (mm) {(mm) € P A
9 . .. . . - g ’
4 250, 500 +10 E o
"8 1000 + 15 250 300 400 500 600 700 800
3 1800 +25 Wavelength nm
>‘ -3 . 3 . . . . R - . ) B R - T
. Typical spectral transmission of flexible UV light guides for various lengths.
hauit?
3 Single Branch ,
L . . . '
3 Flexible UV Light Guide : - - -
vy ! dy +0 10105 '
: - -1 o p——
; | I
TR
.-f ’ ¥ T Y« -4 [r - e
' | ) "
I 3 i
. . Fite Bundia Fetryte - Shealhung O Light Guide Length
; E: D 0] d; {mm} {mm)
t_ . - PRRPS i'-...-v — e e
d ¢ Mota! Matal | o
3 {mm) {mm} PVC 250 500 1000 1800
3 e N e e
1 ¢ 6 r O O O 0]
2 a - 1 . O ¢ o) 0
3 ¢ 1 8 r 0 o] 0 o
4 5 7 8 : O 0] O O
—_— . — D e -0
; 5 7 oo 1w O @] o
-3 6 8 1 10 no | o o o
N 8 w13 u o o o) o}
: 10 12 s %, 0 0 0

'
]

&

L
]

§

1 % P e ——— - *...__— —— T— ——
t !

s -

{




1
!
o U - i
Flexible UV Cross 5 -,
Section Transformer b :
f 30+1 N b ||
; !
3 4 % +0
1 : b9 gy IR
% MPVC = Metal/PVC Sheathing c SH ; T Tt oTo T T T
M = Metal Sheathing D'f,’::n;:,:f." é . Light G(‘#“:)Lengm
] : 2 © o © o . N
; axb d d d, ds d, i 250 500 1000 1800
4 1 x 3 2 4 7 6 wi O O O
! 1 x 7 3 & 7 6 10 [ 0 o) o 0
| : 1 ox12 & s 8 7 2 o O ©
| 1 x20 s 7 16 9 24 o] o o
. a 15x 5 3 ¢ 7 8 w0 O o) o} o)
‘ 15x 8 4 5 8 7 24 @) @} O
E 1.5x12 5 710 9 2 0 O )
. S 15x20 6 8 11 10 24 o) o o
25x 5 4 5 8 7 10 O O 0O
3 25x 8 5 7 10 9 2 0 o) o)
25x105 6 8 v 10 24 0 0 O
-3 25x20 8 10 14 13 24 O O O
* Tolerance to DIN 7168
We reserve the nght 1o make technical
-3 alterations.
1 Further details available: Schott Glass Utd JENAER GLASWERK SCHOTT & GEN
Drummond Road Sales Dept. Fibre Oplics
v Stattord ST16 3EL P 0.8 2480, D-6500 Mainz
g¢ Tel: {0785) 461 31 Tetephone. (06131) 661
L Telax: 36685 Telex: 4187401 smz d
' Cable address Glaswerk Mainz
|:
3 7107e UI90 P
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Two Branch
Flexible UV Light Guide

Ferrule diameter d, and sheathing
diameter d, are identical to the corres-
ponding dimensions of the single
branch flexible light guide (see sheet 2).

Three Branch
Flexible UV Light Guide

Ferrule drameter d, and sheathing
drameter d, are identicai lo the corres-
ponding dimensions of the single
branch flexible hight guide (see sheet 2).

Fibre Bundle  Fibre Bundie Ferrule
Dia Bra Dia
d1 dA dS .
{mm) (mm) (mm)

1 14 4
2 28 4

3 42 6 !

4 5.7 7

PR

tight Guide Length
(mm)

250 500 1000 1800

o) o
O O
o C o

1 .
! t4 R
l —*Irf - . -

dy 14105 -~

fFitve Bundie  Fdwe Bunde
Do O

d, 1, dy
{ma) {mm {mm)

1 17 4

2 35 5

3 52 7
4 69 8 !
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"ESKA' OPTICAL FIBER_AND
- ASSEMBLED FIBER OPTICS FROM

MITSUBISHI RAYON -

(1) INTRODUCTION (2) TYPES OF ESKA

ESKA s the tradename for an acrylic optical fiber and Bulk Fibers
1its fabricated products of superior optical properties devel
uped by Mitsubisht Rayon.

Industnial Grade ESKA

Ny . ESKA s made of care of acrylic pobymer <polymethyl Type Diameter Meters/Spaot
; methacrylate: sheathed with a special fluorine containing CK-10 . 0 25mm : 8.000m
E " polymer which has lower refractive index than the core. CK 20 0.5 mm : 6.000m
‘ Laght ravs input from one end of ESKA travel in a zigzag CK-30 ' 0 75mm ! 2.700m
through ESKA by means of the total internal reflection at CK-40 * 10 mm ! 1.500m
core sheath nterface and output from the other end.
ESKA bulk fiber and cut oristle are available in diameter
3 from O.lmm tdoaul- to 3Imm :120ml'. ESKA hght conducting Display Grads ESKA I
- cables consist of single bulk fiber or bundle of several Type Diameter Meters/Spool
3 3 hulk fibers, jachetted with blaca polyethylene of wire n ca- JK-10 . 025mm . 24.000m
s < 3 ble grade. JK-20 . 05 mm . 6,000m
:!.‘ " 8 An advantage of ESKA product lines s that ESKA 18 a- JK-30 0 75mm 2,700m
3 3 vatlable in the form of assembled {iher opties such as hght JK-40 ’ 10 mm ' 1.500m
] putdes, ight sensor heads, hine circle converters, photo JK-60 ' 16 mm ) 700m
. 1_ couplers and panels and displays. Sample quantity of these JK 80 : 20 mm ’ 260m
, .l.\.wm}slrd fiber opues can be manufactured at our labor IK-100 ' 25 mm : 250m
dtory tor test.ng at “ustomers. * * .
There are two types of KSKA optical fiber © ESKA in- JK 120 30 mm 130m
3 3 dustrial vrade and ESKA U display grade. ESKA indus Fiber Opt'c Cables
- tvial grade has excellent oplical properties, especially low —
. er Joss and Less vellowing of transmitted hight. It 1s man Type |, oer DiaxNo ot Fiber Qutside Dia Remarks
L ufactured and shipped under the strict quality control on CH-3001 * 10 mmxt1 22 mim
tts optical and physical properties. CH-2007 05 mmx? o 28 mim D Jacketea
! ESKRA T display  grade has enough optical and physical CHa012 05 mmx12 T30 mim | weth Black
. properties for display uses and 15 reasonably price ! enough CH 2016 - 05 mmx16 T 347mm  Polvethylene
. 3 to be competitive with other plastic optical fikers, Ce11016 | 0 25mmx 16 Y22 mim @ 500 Mrters
N = The advantages of ESKA over glass optical fiber are bet- cr 1032 0 25mmx 32 ‘28 mim Pack tor Al
3 : ter flevibrhty ane: toughness, bighter weight and casier han Ch 1048 , 0 25mem - 48 T30 mim Types
; dbmg, easier fabtication of assemblies and lower prices. ! : . )
Yhe advantages of ESKA wver polastyrene optical fibers _CH ned 0 25mmx 64 33 mm —
] are lower loss of Light, less colouring of transmitted Light. -t
' . 3 higher physieal pr:\p:rnn such as tensyle strength o nd ﬂtr Cut L |Stles
- thility, hetier durabihty sueh as weathering and heot ste Idustral Gra. . SKA Oispiay Grade FSXA I}
4 bihity, and easier fabrication. Tyine 0 ymeter Tvpe Diamete:
ESKA has eveellent aptical and physical properties and cK 10C 0 75mm JK 10C Q 2%:m
3 durabihity serviceable 1o a wide range of ead uses [ram in cx 20 0% mm * x.20C ’ 0% men
: dustrial to display uses, Cx 30C 9 715mm YK 30C C 0 26emm
- . . , CK40C 10 mm  JK4EOC 10 men
3 gl Steunter et Fae el R . N b . )
3 * snn- ut-:*»k::‘i :. l::1 fore/ brerndt fetioqron brom Sheatt - R-60C . PEme
= - \ . . JK goc ) 20 mm
: - \ /\ i K 100C 25 mm
?\ \/ { \‘\fndnd Length  600mm Standacd Na per bundle 1,500
o ~ . Fiber Optic Sheets
' \ Sheoth Core : tacdustrnai Gracte ESKA Ditotay Gradde ESKA R
;. | Wower relioting odes}) l‘v\" :'bﬂ:n' "“)__]l Tyoe Crameter Tyoo Deamote
i 147 Coore socran ol (5€A ¥ okt condhching tobln o CK10S  028mm K0S 02w
N : €k20s ~ 0Smm  JKJO$ 05 mm
(S J CK30S | 075mm 3x308 0 Tamm
3 Q t CK.40S 10 mm ) K205 A 1Q mm
h i Standard Shreel Size 100mm ¥ 1.000mm
L 8 i Assembled Fiber Optics
‘= Cnaoon . Ascemblies of ESKA partly shounan 1" 2 are availabc on
g 3 ‘ reguest.
: . - . o
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(3) TYPICAL APPLICATIONS OF ESKA

- ] A Light guides r”_ - - T T "'_»__’__""'"‘!
: safety highting, without heat and electricity, from re- : - i;
3 mote Light source T c - - i
-a partitton of hght from wne Jight source - — Srandord i
] pin pomint highting - |
B. Hlumination panels T 3 - < i
road signs — : '
[ 4 wigns at public spaces and pathways - . ., e angel
: ' eonteal panels ' . , - ]
23 simulaters : - ~ .
E: ’ ( panels for exhibitions and the hke ! N - :»m‘\“:\l - = '
: x industrial 1llumination panels ! i i - ~. 1§ :
s L & . Automotive : : 1 : 1 |
A tluminations of switches, knebs and other driving an. ; - . _*_‘.,w,' el '
. struments on instrument panel Cow v, o
; ittuminations of atr conditioner panel and radio set : oy -~
4 panels '
. tlumination of varous meters fys .
luminatton of ash travs and igmition key holes : 'f'g!‘}_G.Eldf.s —— - _— . __Jl
rayl hight and head Light momitors - Tt T T e e T "]
D. Electric appliances - .
. tluminations of dials. switehes, milot lamps. panels, - _ -
ete. for radiv sets, TV sets and casette decks - . E -

B Optical. medical and dental instrumentations '

Lighting devices :
imarye guides '
optteal sensors and transdueeers

.

F. industrial uses ard automation

-
.

optical counting devices for rotations and numbers -

optical seasiag fur level, position and distanece
sensars for eolor. brightaess and turbiditres

vptizal sennors for defect nspectiuas

-
1]
ve
b b A AR
-an; ‘
& D
ol
i

. other optical seasors and Light guides for autemations . . &

3 and comever lines s
! remute momtoriag appheations ! v
3 S industrial optrcal dats hinks without electromagactic amses !
b~ (. lalurmabion avstems and data processings

3 card and tape reader heads

mark. cord and chracter reader heads - o Y - - : 1 -
73 . line cirele conmerters v = 1 ' -
. R optical devices fur copy marhines : . . .
B hght pens ) (Optical Sensor Heads ~ = = = |
) E aptical dats hinks £ G T s e Tt /oy
Q; . - H. Decoration dixplavs swath KESKA {1 : '
3 decarative hghts and X mas tree decaration ’ : ) 4
E 5 tHumnated dicpravs 1n water ! ! :
o 2 desplaps 1a hars and restauraats . : N
intersor displays T
‘ : I, Advertisement displors cwith ESKA 1D . R — :
? thow windom dicpuaye T - - “1
‘I ‘g PO displavs : " . - . . y S
E- -3 eve citchers { LA = - 7 ' ‘(}_:
- displave of trade rames 2and marks i ~ th
: 1. Assemble bits and tore with KNKA {1 : - - F i
l 8. atsembly bits of illuminated flowers and derorative : ~.\ ’ el ~ i
y hght N Sl a2 11 i
i © lemination n plastic models . b “':: 1 .-F.":, i B ,
J . tlemimatior 18 toxs such 38 welucies, robots 3ad 2mmals fOpﬁca! Indicators . .‘;f }

« games and pailes et e e e Ui




(4) OPTICAL PROPERTIES OF ESKA

Numerical Aperture.Acceptance Angle

Core Refractive Index 1.495 n.}

Sheath Refractive Index.1.402 (n:

Numerical Aperture (N.A.) 0.50 IN.A. . nf{—-n%
Acceptance Angle 607 (Acceptance Angle =2Sin *{N.A)

Relative Output Intensity vs.
Output Direction

" Fig3
Fiber Dia:0 Smm

Relative Qutput Intensity
100

.
i
b
!
e e e e

Ltiber lergth

# L 1032m

30 20 10 0 0 20 20
Ovutput Angle (degree)

Spectral Transmission
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Transmission vs, Bend Radius

- e -

' Fig.5
|
i 100 f/
! b <
, %0
!
. o
Q
o
¢
‘e 0 CK-10 0 25mm
‘%40 b CK-20 0 50mm,
2 ¢.CK-40 10 mm.
20
:
0
0 10 Ber 4 Rodius mm) 20
= I - - —
i T T |
i Faa * gend Angle 180 ,
! Temperatyre R T .
t Fiber Length: 1 Sm
§
! 1
e |
!
!
[ I e

Advantages of ESKA' in
Optical Properties

ta: Lower lovs of hight, or transmission of hight wver

longer distance.

b Less colouriag of transmitted light.
¢} High, undorm transmission through the whole visihle

temon of spectrum,

Thes advantages of KSKA are largely attributable 1o
the improvements 1n oplical purity of core polvmer, ard ide.
signing of sheath polymer and the construction of sheath
core interface  All individual fibers of ESKA  industrial
grade are produced under the special quahty control pro-
cedures including non-desiructive light transmissiar test,

O P VY



. Breaking Stress and Strain High-and low-temperature resistance
. Table 1
. == Breoina i Yourgs While intermittent exposures to temperatures of around
. Type fFiber Dia. X ;t "9 k'e”A loOfu'us B;'e;:mg 100 ¢ can be tolerated. the maximum continuous service
B - gf. e, 29 2T temperature i< limited up to around 80 ¢  because of slight
E K10 » 0.25mm 0.5 0.55'1200 1300 3.9-40 ) 50 60 thermal shrinkage thereabove. 'Fig. 6)
B €K-20  050mm 1.6 2.0 900 1100 3.0-3.6 50 80
i CK-40 10 rm 57 70 .700 900 ?7 29 50 80 There was no change in hght transmissior of ESKA after
- CH-4001 1 Omm- PE 11 13 50 70 the low temperature test at  30°C for 30 days, and ESKA
: v uen retains flexibility even at - 30°¢ .
\ 1 Flexlblllty No cracking at low temperature bending test, down to 30¢".
"4 ‘ Table 2 i‘ Figd Yhnm;al Shr:nhage u_:-—o Fvno'sot; of I;N;p:lolure T T _v-‘!
'\‘ Bend Radi- Bend Angle Relovivg Light . hecting rate I min lood :9
) 3 Type us (mm) (degree) :'looomar::;;on cfter = 50- .
we - [l
3 Bulk Fiber 0.25 lmmj 6 50 100 | .
. ' ' 180 100 i 5
" g Fiber Optic 90 100 |os
: H-4001 . i
: Coble ~ CH400 ¢ 180 100 Lo N
Ao "_, —— | g 40 3
) z lemprrature R 1 Heading Crile Thend e ‘Z
:’ Fig B i
~\ : o Ckh 00 25mm}
4 - - - b CK-20(0 Smm)
SN Lo ’ 0 ¢ CK-40(1 O} i
» ' d Polysiyrene
~‘ X - - 1 l ¢ Ophcal Fiber 1
; 180 N : {0.50men} i
Ey v L i
. 3 %0 : ! 5 / I
H . ‘ R i = ——— - '
. ! ! 0 50 100 o 200
| . : i o Temparatre o
. Weatherability
}: ) 3 There were no noticeable changes 1n Light transmission
4 and physieal properties of ESKA alter 200 hr.exposure by
E weather-O-meter. A f E Au . . I
- Chemical Resistance dvantages of ESKA in Physica
1 g Table 3 Relative Light Transmisiron Propel'tles.
£ - -
' T8 Bulk Sber Fiber Optic Cable tal ESKA has high flemibility and toughness through a
5;; e ¥ (CK-20) :C-4001) wide range of temperature.
: £ Woler {RT} 100 m{30don] 100 . m{30days) As anallystration of 1ts flexabihity, 1t csn be knotted
k- (6071 ) 100 «(I0days] 100 " m(30days] tightly at room temperature.
RN 8oiting Woler 80 m(10doys} 90 . m{10doys) th) ESKA possesses higher durahility in terms of thermal
o Mochine QiR 1) 100 . m{10days) resistance, weatherabihity and chemical resistance than
T4 Diluted Sultic Acid | =} 100 . m{10doys} polystyrene optical hbers.
! Gosolines (-} Deceore 100 m{ Sdows) te! ESKA s not attacked by epony sdhenives.
3 Organic Solvenns . Dacondition ——
. Acetone. Ethyl Acetate:  Decrease 100 ¢ ot ‘?f::' :
- Bunsene. et et
B
. ' . i ‘
- 'CAMBRIDGE SCIENCE PARK
L S - MILTON ROAD
A s CAMBRIOGE. . iRkl
; © ENGLAND CB4-48+. _
Fristed -» lapan Te' CAMBRID{;& fQ§23' 6436!1!5




@gF @@WE@S low-loss, large diame

Quartz & Silice

own production of high purity The thgh homogeneity of core Radiation resistance

fused silica 1s used for the matenal combined with the unique 15 very high, and has been confirmed
manufacture of FIBROPSIL fibres. drawing proceedures ensure thehigh  in independent governement trials
Maximum uncut length of fibre is tenstie strength of FIBROPSIL fibres. 1o be better than ali other

greater than that obtainabie from any available fibres

other souice The rugged extruded coating

Typwal attenuation 1s offers unegualled flexibility

<5 dB/Km (820 nm) in fibre handling

o Lowest loss of all PCS fibres

¢ High numerical aperture

¢ High tensile strength and flexibility

¢ Excellent radiation hardness

¢ Extremeiy long uncut length

« High power handling capabilities with superlarge cores
« Best coupling efficiency with superlarge cores

e [deal for UV and IR light transmission

« ¢« New improved tolerances

e e New improved low temperature capability

Recent advances in the drawing technique low temperature PCS fibre.
have enabled the guarantee of + 4 % core  For applications down to — 55 °C,

tolerance, with the added capability of FIBROFPSIL fibres are available on special
+ 2 % on special order. The continual order with limited attenuation increase,
investigation of new materials have ledtoa exhibiting no optical cutoff(ref : QSF-LT.)
Trade QSF 125 QSF200 QSF300 QSF400 QSF 600 QSF 1000 o
3
'‘Numbers ABC ABC ABC A C A C A C =
1§ rers sim 125 200 300 4% 600 1000
b %W e w0
i‘,‘.’:{,’;’i;“u@ 20 600 P40 650 1 060 1550 3
ot - 2 25 2 5 3 1 5
Attenuation Max 55 10 S0 <5 <10<80 5 0 50 5 50 & s 5 50 .
A dBAmO0s2 Yyp . 5 6 3 48 7 30 48735 2% S 3 25
i3 na Theoreties 040 0.40 40 0,40 040 0.40 @
i} 3 Steady state $ 2% 0.27 1%os 0,27 027 0.27 _
iy E. MIE TS et e - N N
-3 Typical bendwidh - . . ;
E ‘ : MHZ/1 km (NA 0.1). 10 _ 25 o0 15 9
v y Minimum beadobls . )
. 2 .3 : 10 1 5
g - redius mm . _;"*‘-m-\‘»“ o r“ ) 2 ! %5
g Weight kgt - . w10 . 0.480 0 860 1,250 1 aso 3.900

All hibres are proot t.étow 8t 0 o' ‘mum tensile stranglh of 25000 ps: (17,3 daNomm )

e

=50 - ]
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er, silica cores

The high NA of above advantages and in addition  of pure silica allow

and low attenuation combine to display igh power troughput replacement of fibre bundles with
provide higher power output than capabihty (> 100 watts). improved performance.
for all-glass hbres. Thus they find applications in laser
surgery and in weapons/explosives
The superlarge research
core FIBROPSIL fibres The excellent filling coetficient
(400 - 1500 core chameler) have aii and the supenor UV/IR transmission
Notes

1. Core diameter tolerance + 4 %

2. Cladding diameter tolerance + 8 %

3. Core, cladding and coating dimensions may be modified upon request to suit
specific requirements.

4. Fibres are currently shipped on a polystyrene reel with 325 mm barrel diameter and
100 mm traverse. Fibres QSF 125-200-300 can be shipped on a piastic reel (DIN 8559)

with 212 mm barrel diameter and 91 mm traverse. Fibres can be croswound with each
end marked and accessible with a minimum attenuation increase.

5. Attenuation measurement is determined by comparing the transmitted light power
through two different fibre lengths.
6. Theoretical NA (calculated at 20 °C) = V (1.4585)2 — (1.405)? = 0,391 = 0,4.
Steady state NA measured at the 90 % power output level on 1 Km length.

7. Fibre bandwidth is determined by using a frequency domain approach and is
specified at the 3 dB optical power point on the fibre frequency response piot.

1
° R ! \
v Y Typical attenuation VS wavelength
N~/ B A standard QSF A

. © e o —m B superdry QSF.A (upon request)
C wet QSF A {upon request)

1S j d optical

,\_\\ -3 ——

al v -‘\“‘\ - -6

W B g 8 g

1] . 300 -'AU:X)A. .50 000 o0

Typical effechve power output when launching N A s Attenuation /Bandwidth charactenstc of
greater than theoretical N A Attenuation 1s 4 db/km at QSF 200 A, 0.27 N A wnput.

0.82 1 Relerence level (0 db) was choosen for QSF 200 A

at 0 meter tength .




