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Abstract—Radiation and temperature influence the
optical fiber characteristics. These influences such as
increasing the power loss were studied and shown to
result from the refractive index changes occurring within
the fibers induced by bending and thermal effects. In this
paper we present a model and a simulation results to
reveal the effect of radiation and temperature on the bent
polymer optical fiber by using Vissm environment. We
demonstrate the importance of operating wavelength and
optical fiber parameters in the reduction of the power
losses. This formulated treatment provides a mean to
control the optical characteristics of fibers in radiation
environments. The results are validated against published
experimental work and showed good agreement.

Keywords- Gamma radiation, thermal irradiation
effect, critical bend radius parameters, polymertizal
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l. INTRODUCTION
The growth of internet traffic in the past decads led to
an increasing demand for data transmission capacity
media even in local area networks (LANs) and home
networks [1]. Optical fiber is the basic elementtie
modern high capacity and high-bit-rate optical
telecommunication systems [2-3] There are manystygie
optical fibers such as glass fibers and plasticerfb
[4].Plastic optical fibers (POFs) are being considefor
high-performance fiber links at very short distatean
silica based fibers because of their ductilityhtigveight
[5], low cost, flexibility and ease of handling and
interconnecting [1]. Furthermore they have muchhéig
bandwidth [6] they are resistance to impacts and
vibrations [7]. In addition due to the large fibeross-
section of plastic optical fires, connecting to thght
source and detector is non-problematic [8-9]. Adddlly
they are providing reliable data transmission irchsu

diverse fields as industrial and residential loamada
networks, home and office applications [10]. Howeve
particularly in such local area networks (LANS), nma
fiber bendings and junctions are inevitable [11hisT
result in radiation losses occur at bends in therfipath.
At a bend, the geometry of the core-cladding iaieef
changes and some of the guided light is transmftizu
the core into the cladding [12-13]. Zubia and Arrue
studied the effects of bending on the power attéomaf
POFs and found that the radiation losses observéerit
fibers are a result primarily of refraction of tireridional
rays [14]. The average plastic-energy density (APED
accumulated in a deformed POF could result in textia
loss and scattering loss. However it provides aikdgx
for evaluating the power loss in the deformed fifiet].
Furthermore due to plastic optical fiber advantagds
being considered for use in many systems. Manyedd
applications require operation in nuclear radiation
environments. That is commonly known as it intraelia
highly damaging to optical waveguides [15]. Furthere
radiation induced effects in materials and deviees
evaluated based on the energy losses resulting tigon
interaction between highly energetic radiation amatter
[16-18]. Thus when the polymer is subjected to zomg
radiation, it undergoes several changes in itsipalyand
chemical structures induced by radiation, leadingrbss
linking and scission of molecules phenomena thauoc
simultaneously, and one of them prevails over ttieero
depending on various factors, such as, materiaé,typ
irradiation dose and irradiation atmosphere [19-&ich
polymers are known as degrading polymer [1]. Initiold

to these effects ionizing radiation will be absatbe
reflected and transmitted in varying degrees, atingrto
the physical properties of the materials on whicfalis.
The portion which is absorbed will cause a rise in
temperature [24]. which plays a significant role the
number of reactions that take place during/aftediation
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as a rise in 10°C can double the reaction rate$If25
general, ionizing radiation, ambient temperatured an
loading deformation change the geometry of theimaig
POF [14]. Therefore, it is necessary that the polwss
characteristics of bent polymer optical fibers unbigh-
temperature and radiation conditions are well ustded
[10]. Consequently, we are interested with evatumbf
power loss that enables us to calculate the pouesly
occurs in optical fiber transmission characterissach as
in the MH-4001 and GH-4001 fibers which are intethde
for digital home appliance interfaces and autonsotwnd
machinery control applications, respectively untiagh
thermal irradiation environment. In addition, itloals
predicting operating wavelength, thermal and raaliat
harmful effect. The arising effects of bending,
temperature and ionizing radiation on power loss ar
obligatory in  designing high-bit-rate  optical
communication systems such as in local area network
(LANs) and home networks.

This work was done by using VisSim environment.
VisSim is a Windows-based program for modeling and
simulating complex dynamic systems. VisSim combines
an intuitive drag-and-drop block diagram interfadéh a
powerful simulation engine. The visual interfacéecs a
simple method for constructing, modifying, and
maintaining complex system models. Furthermore, all
modeling and simulation tasks can be completedowith
writing a line of code. This leads to significaavegs in
both development time and costs, and a greateraas=
that the resultant product will perform as spedifie

This paper is organized as follows: Section Il pres the
basic assumptions and modeling of radiation induced
dispersion, Section Il describes the model results
However section IV is devoted to conclusion.

Il BASIC ASSUMPTIONS AND MODELING
OF THERMAL RADIATION CRUEL
EFFECT ON POWER LOSS OF BENT
POLYMER OPTICAL FIBER

In this work a block diagram model treating theiasidn
and temperature effects on power loss of bent palym
optical fibers is proposed to estimate the powsesds in
the MH-4001 and GH-4001 optical fibers which are tw
S| POFs, under a given set of deformation, tempesat
and radiation doses taking into considerationaaitbend
radius parameters. The core and cladding of thesPD&
fabricated from polymethyl methacrylate (PMMA) and
fluorinated polymer, respectively. The light sourisea
light-emitting diode launched directly into the riteend of

the fiber and it is assumed to overfill the fiberthat all
mode groups are present. The power delivered t@R P
before deformation is denoted gs Fhe output power of
deformed fiber is denoted ag,P Therefore for the MH-
4001 and GH-4001 POFs, it can be shown that theepow
ratio R,¢/Py, is related to the APER ,, via the following
expression [14].
Pt _10f-c@exl-dMr}
P

in

(-ame -umo, +1

where R andUp are bend radius (millimeters "mm") and

average plastic energy density (Newton millimeter p
cubic millimeters "N mm — mit) respectively, and the
coefficients a (T), b (T), ¢ (T) and d (T) aesniperature

functions with the forms:

for the MH-4001 fiber

a(T)=353x107°T + 594x10™ )
b(T) = 556x107T - 678x103 (3)
c(T)=-156x1072T + 1898 (4)
d(T) = -306x1074T + 0235 (5)
However for the GH-4001 fiber

a(T) = 353x1070T + 544x10™ (6)
b(T)= 471x1074T - 534x1073 (7
o(T) = -192x1072T + 2066 (8)
d(T) = -563x1074T + 0248 ©)

Moreover the radius of curvature of fiber bend rigical

to the amount of power lost [12]. So the minimum

bending radius must be defined [26], because thsek

are negligible until the radius reaches a crit&iaé that is

the minimum bending radius [12].
3n2A

an(NA)3
Wherel, NA, and n stand for the operating wavelength,
numerical aperture and the clad refractive indexhef
optical fiber respectively. Therefore, equation ¢an be
simplified as follows

FPo _ 1d-cMexd-dMR:] (- a(T)u3 -b(T)dp +1) (11)

n
Moreover to demonstrate the effect of gamma raafiati
on the power loss characteristics of bent polynical
fiber we will use Sellmeier formula. Since the asfive
index of any optical material can be interpolatgdtime
Sellmeier formula, which has a physical basis basekde
Lorentz oscillator model [27]. So the refractiveléx of
material base fiber link can be expressed as aifimof

\TENATE

(10)
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operating optical signal wavelength and irradiation

) 0819526~ 3843x1074(T - Tp)

fluencies of Gamma raysas the following formulas [28]. Fa(T 0819526 (23)
-6
0.011127- 31x10°°(T -Tg)
12 Fe(T)= 0 24
(12) c(r) 0011127 (24)
where A, T, andy denote the wavelength, temperature, _ 1055995~ 28x10_3(T - To)
Fo(r)= 1.055995 (25)

and irradiation fluencies of Gamma rays respegtivEhe
first and second terms represent the contributionthe
refractive index due to the higher and lower enagggs

of electronic absorption band, respectively, anel It
term accounts for the lattice vibrational absonptidhe
constant E is not critical since the material stop
transmitting long before the onset of the lattibs@ption
frequency. Usually, it is used the value 106pjR9].
Therefore, equation (11) can be simplified as fefio

where T ,§ donate ambient temperature, and the room
temperature respectively, finally the second order
differential equation of the optical fiber core regdtive
index is given by

2

~ Y

2B1 2813 , 2DA
2 2 2 2
an__ ol C (Az_c) P-E (Az_E)

[28]. ar 3
n2
BT P D(_I_leyz 13) {25 _ 1 | sx* 2D 104 |
dT’A'ﬂz{A(T’”+(X-dTﬁ)+(AZ,—E) osl” € p2-cf e-cf #-E [p-ef [2-
' where n
the coefficients A(Ty), B(Ty), C(Ty) and D(Ty) are (26)

temperature and radiation dose functions with tim$é

Hence the cladding refractive index can be obtaivied

AT, y) = Aly)Fa(T) (14) the following relation [29].

B(7.4)= B(y)Fs (1) (15) "2~ 0997 @

cfr.y)=clyFe(r) (16) where n, B donate core, and clad refractive index
YI=RVIRC respectively.

D(T,y)=D()Fo(T) (1

However the coefficients Ay}, B (y), C y) and D ¢) are
radiation dose functions with the forms

M. RESULTS AND DISCUSSION
We have demonstrated the power attenuation
characteristics of bent polymer optical fiber defed

Aly) = 1329631+ 27x10~% ex;{ 4 j (18) under gamma radiatiop dose ranging from 0:1 tg 3MGy
0.319319 and temperature ranging from 25 to 8D taking into
~ i y consideration critical bends radius parameters.cléligfy
B(y) = 082863+ 7.7x10 ex;{m?J (19) the harmful effect of thermal irradiation envirommeand
critical bend radius parameters on power loss
C(y)= 001105+ 47x107° eXI{OSQ}/lBQJHmZ (20) characteristics. The results show that that a taffED
' accumulated in the de-formed POF can result inrgefa
D(y) = 0.98481+ 11x10°3 eXF{O96J:1926j (21) radiation loss and scattering loss, and a higher

Where vy is the radiation dose in MGy. Although the
coefficients K(T), Fg (T), e (T) and K (T) are
temperature functions with the forms

| 1338022 37x1074(T - Tp)

22
1.338922 (22)

Fa(T

temperature results in a lower power losses. Tfezenace
values of these parameters are shown in Table éseTh
values of the calculations are taken from [10],]]124]
and [28].

Table 1: Operating parameter's values used in thedal were as the following

Operating parameter Symbol Value
Radiation dose Y 0.1-3.0 MGy
Ambient temperature T 25 - 80°C
Operating wavelength A 850-1550 nm
Room temperature To 25°C
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Clad refractive index n, 1.2-15
Numerical aperture NA 0.2-0.5
0.69 ~ .
o668 [ S~ .~ . Puplished Results
- .
o067 F S e . = = Model Results
o.e6 | e

Power Ratio, Pout / Pin
o
(0]
(4]

Average Plastic Energy Density, N/mn?
Fig.1. Variations of the power ratio against averaglastic energy density with T=2& and R= 10 mm.

In figure (1) reveals the typical computed values the
power ratio against average plastic energy densitier
the thermal irradiation environment effect, and
experimental values are represented in the abaueefi

that shows a good agreement between the resulted cu
and the published experimental curve.

; —— MH-4001
0.029 |

—— GH-4001

o0.028 |

0.027 |

Power Ratio, Pout / Pin

0.026 |
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0.024 L
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6 7 8 9

10

Average Plastic Energy Density, N/mnf
Fig.2. Variations of the power ratio against averaglastic energy density with T=2&, y =0.1MGy, andi=1310 nm.

Figure (2) shows that the power ratio decreases/épo
loss increases) with the increasing of the averagstic
energy density, this is because of a larger APED
accumulated in the deformed POF implies that aelarg
stress is accumulated in the fiber this can réauét non-
uniform distribution of the refractive index alotite fiber
core, which in turn introduces refraction and retlen

phenomena which causes radiation and scatterirgedos
Thus the power ratio decreases with increase theDAP
Furthermore the figure shows also that the powss lo
increment in MH-4001 is much than GH-4001this is
because The coating diameters measured at necking
position for GH-4001 and MH-4001 fibers are 1.9&l an
1.96 respectively, (L. W. Chen etal., 2009) [14hisT
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means the diameter shrinkage in the GH-4001 fiker i than that in the GH-4001 fiber. But still the MH@DD

smaller than that in the MH-4001. This is why thewpr fiber is a higher power ratio than GH-4001 fibet, a
loss increment in the deformed MH-4001 fiber isagee constant temperature (T =26).
0.034
—— MH-4001at y=2 MGy
- B MH-4001at y=2.5 MGy
—d— VIH-4001at y=3 MGy
= = GH-4001at y=2 MGy
c 0.032 —&— GH-4001at y=2.5 MGy
= —e— GH-4001at y=3 MGy
5
§ o.03
i<}
IS )
T 0.028
Qo
=
o
o
0.026
0.024 -
(0] 1 2 3 4 5 6 7 8 9 10
Average Plastic Energy Density, N/mn?
Fig.3. Variations of the power ratio against averaglastic energy density at different radiation assf) with T=25 0C,
NA = 0.2, andi=1310 nm.
Figure (3) shows that the two fibers suffer lowempr index along the fiber core [14]. Furthermore, a dow
losses at higher radiation doses. This result can b  APED value implies that the POF experiences a small
accredited to the reduction in the accumulated tiplas geometrical deformation and thus suffers smaller
energy in the deformed fibers as the deformatiaimtmon radiation losses. Hence, the two fibers exhibit dow
dose is increased, since the plastic energy stordte power losses at higher radiation dose. Figures ffeén
fiber, decreases with increasing radiation dosereldeer depicts the relationship between the power lossethe
a lower value of the APED reduces the scatterisgde in POFs and the APED value as a function of the atitic
the deformed POF since a smaller stress accumuiated bend radius parameters.

the fiber can result in a smaller variation of tefactive
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= = MH-4001at n2=1.35
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Power Ratio, Pout / Pin

Fig.4. Variations of the power ratio against averaglastic energy densityt different clad refractive index () with T=25
°C,y = 0.1 MGy, andi=1310 nm.

Figure (4) reveals that the power ratio decreasetha
value of the refractive index of the optical fibzad (1)
decrease at constant APED. This result can be ditete

to smaller clad refractive index will results inrde
acceptance angle which is a figure that represgfitser
light gathering capability. However the change e t
rays’ paths as they travel in bent fibers due thengetry
change of the original POF as a result of bothatinbient
temperature and the loading deformation, and
consequently induces radiation losses. Furthermide,

stresses within a POF subjected to bending andyatmm
forces are not distributed uniformly, but vary ajothe
length of the core. The resulting inhomogeneous
distribution of the refractive index leads to sesttg
losses [14]. The higher acceptance angle indictites
more modes we have this means that greater radiatid
scattering losses this is due to the change inrdlys’
paths as a result of the loading deformation and
inhomogeneous distribution of the refractive indaxd
therefore there are more of them. So that lowed cla
refractive index fiber results in high power loss.

0.0328

0.0308

—— MH-4001at NA=0.2
- & MH-4001at NA=0.35
—— VIH-4001at NA=0.5
—#— GH-4001at NA=0.2
' GH-4001at NA=0.35
- GH-4001at NA=0.5

0.0288

0.0268

Power Ratio, Pout / Pin

0.0248

0.0228

Average Plastic Energy Density, N/mn?
Fig.5. Variations of the power ratio against averaglastic energy density at different numerical apge (NA) with T=25
°C,y = 0.1 MGy, andi=1310 nm.

Figure (5) reveals that the power ratio decreasetha
value of the numerical aperture (NA) of the optitiber
increase at constant APED. This result can bebatgd to

the change in the rays’ paths as they travel irt fibars

due the geometry change of the original POF asutref
both the ambient temperature and the loading
deformation, and consequently induce radiation eess
Furthermore, the stresses within a POF subjected to

uniformly, but vary along the length of the coreheT
resulting inhomogeneous distribution of the reifraect
index leads to scattering losses [14]. The highés N
indicates that more modes we have this means thatey
radiation and scattering losses this is due tcctiange in

the rays’ paths as a result of the loading defaonadnd
inhomogeneous distribution of the refractive indaxd
therefore there are more of them. So the power loss

bending _and elongation forces are not distributed increases in larger NA fibers.
- —t— VIH-4001at A=1550 nm

0.0325 s~ - MH-4001at A=1310 nm

- S —&— VIH-4001at A=850 nm

- ST - & GH-4001at A=1550 nm
0.0315 [ = —— GH-4001at A=1310 nm

i R - ® GH-4001at A=850 nm
0.0305 | S
0.0295 [ TT T4
0.0285 | N ¢
0.0275
0.0265
0.0255
0.0245
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Average Plastic Energy Density, N/mn?
Fig.6. Variations of the power ratio against averaglastic energy density at different operating wedangths £) with
T=25°C,y = 0.1 MGy, and NA=0.2.

Figure (6) shows that the power ratio decreasethas
value of the operating wavelengft) ecrease at constant
APED. This result can be attributed to the chamgée
rays’ paths as they travel in bent fibers due thengetry
change of the original POF as a result of bothatinbient
temperature and the loading deformation, and
consequently induce radiation losses. Furthermtre,
stresses within a POF subjected to bending andyetmm
forces are not distributed uniformly, but vary ajothe
length of the core. The resulting inhomogeneous
distribution of the refractive index leads to sesttg
losses [14]. the operation at short wavelength mearthe
same time the operation at high frequency thushiteer
frequency, the wider the bandwidth which indicattest

more modes we have which give the ability of segdin
more complex information this means that greater
radiation and scattering losses this is due tcctiange in
the rays’ paths as a result of the loading defdonatnd
inhomogeneous distribution of the refractive indaxd
therefore there are more of them. So the poweretoss
increases with increase the bandwidth or decrehse t
operating wavelength since wider bandwidth indisate
that there are more rays that carry informatiothinfiber
However with increasing the average plastic energy
density which implies that the POF experiencesrgela
geometrical deformation and thus suffers higheratamh
losses.

0.066

o.064 | - -

o.062 [

MH-4001

—&— GH-4001

o.o6 |
o.o58 |

0.056 |

Power Ratio, Pout / Pin

0.054 |

o.o52 |

0.05

o 1 2 3 4 5 6

Average Plastic Energy Densityiip, N/mm?
Fig.7. Variations of the power ratio against averaglastic energy densigt T=45°C, y=0.1MGy, andi=1310 nm.

Figure (7) shows that the when the temperaturecass
from 25°C to 45°C MH-4001 fiber is still has a higher
power ratio than GH-4001 fiber but with increasitng
average plastic energy density which implies thatROF
experiences a larger geometrical deformation antg th
suffers higher radiation losses the GH-4001 fibdrilats

a greater resistance to power losses under high
deformation conditions than MH-4001 fiber. This mea
that, the power loss in the deformed GH-4001 fibdess
than that in the MH-4001 fiber. This is due to the
diameter shrinkage in the GH-4001 fiber is smatllean
that in the MH-4001. This is why the power ratiotire
deformed GH-4001 fiber is greater than that in Mid-
4001 fiber. Furthermore figure (7) shows that the t
fibers have higher power ratio at higher tempegstur

This is because the reduction in the accumulatedtipl
energy in the deformed fibers as the deformation
temperature is increased (from 25 to %5). A lower
value of the APED reduces the scattering lossethén
deformed POF since a smaller stress accumulatékein
fiber can result in a smaller variation of the aefive
index along the fiber core. Furthermore, a lowerERP
value implies that the POF experiences a smaller
geometrical deformation and thus suffers smaller
radiation losses. Hence, the two fibers exhibit dow
power losses at higher temperatures, as showrgirvFi
Figure (8) shows that the power ratio decreasels thi¢
increasing of the average plastic energy densitytm
fibers, this is because of a larger APED accumdlate
the deformed POF implies that a larger stress is
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accumulated in the fiber this can result in a noifeum
distribution of the refractive index along the fibeore,

which in turn introduces refraction and

0.285 |
0.265
0.245
0.225 -

~m

0.205 | ~m

0.185 |

Power Ratio, Pout / Pin
1

o.165 |

0.145 |

0.125

—a— GH-4001

- B MH-4001

(0] 1 2 3 4

reflection phenomena which causes the incident tays
scatter in all directions. Thus the power lossasease
with increase the APED. Furthermore the figure show
also that GH-4001 fiber has higher power ratio the-
4001 fiber. Moreover the GH-4001 fiber maintaings th
improved power loss resistance under high defoonati
temperatures (T =80 oC). This is because the GH-400
fiber has a higher glass transition temperature) fhgn

the MH-4001 fiber. A thermo-mechanical analysis
machine (TMA, PerkinElmer, USA) is used to measure
the Tg of the two fibers, and the values of 64.d 60.8

OC are recorded for the GH-4001, and MH-4001 S| POF
cores, respectively , (L. W. Chen etal., 2009) [IPhis
shows that the GH-4001 has the highest Tg value and
implies that the chain motion in the GH- 4001 issle
significant than in the other materials. It meahnat tthe
polymer chain of the GH-4001 is more rigid tharstbf

the MH-4001. Moreover it can be concluded thatGé
4001 fiber has smaller diameter shrinkage and laehigg
than the MH-4001 fiber. This is why the power lasshe
deformed GH-4001 fiber is less than that in the NBO1
fiber. Furthermore figure (12) shows that the tilmefs
have higher power ratio at higher temperatures fhan
figure (2) and figure (7). This is because the oéida in

the accumulated plastic energy in the deformedrdilzes
the deformation temperature is increased (T 2CBOA
lower value of the APED reduces the scatteringeesa
the deformed POF since a smaller stress accumuiated
the fiber can result in a smaller variation of thé&active
index along the fiber core. Furthermore, a lowerEBAP
value implies that the POF experiences a smaller
geometrical deformation and thus suffers smaller
radiation losses. Hence, the two fibers exhibit dow
power losses at higher temperatures, as showrgirlBi

o.o14 |
£ F
o [
— o.013 |
= I
=
o i
Q o.o1z | —— MH-4001
8
© o.0o11 | - = GH-4001
nd
e L
g o.o1 |
o k- - - -
c » - - - - . - - . - - . - - .- - .- - - ---- -
o.009 [
0.008
o 5 10 15 20 25 30 35 a0 as 50

Temperature, T,°C
Fig.9. Variations of the power ratio againsemperature with g, =1 N/mnf), y=0.1MGy, andi=1310 nm.
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Figure (9) shows that the power ratio decreasels thi¢
increasing of the ambient temperature at constaloevof
average plastic energy density [ =1 N/mnf) and
radiation dosey(=0.1 MGy). It is as a result of the change
in the rays’ paths as they travel in bent fiberg dhe
geometry change of the original POF as a resuliofi
the ambient temperature and the loading deformatiod
consequently induces radiation losses. Furthermihe,
stresses within a POF subjected to bending andyetmm
forces are not distributed uniformly, but vary ajothe
length of the core. The resulting inhomogeneous
distribution of the refractive index leads to sesttg
losses [14]. Thus the power losses increases nitlease
the ambient temperature, Moreover the figure shalss
that MH-4001 fiber is a higher power ratio than @éD1
fiber, at constant low average plastic energy dgr{ai,

=1 N/mnf). Furthermore the power loses in MH-4001
increase rapidly than that in GH-4001. In the sdime
GH-4001 fiber maintains this improved power loss

resistance under high deformation temperature. This
because the GH-4001 fiber has a higher glass ti@msi
temperature (Tg) than the MH-4001 fiber. Furthermnibr
implies that the chain motion in the GH- 4001 issle
significant than in the other materials. It meahnat tthe
polymer chain of the GH-4001 is more inflexibleritthis

of the MH-4001. Moreover with increasing the averag
plastic energy density which implies that the POF
experiences a larger geometrical deformation antg th
suffers higher radiation losses the GH-4001 fibdrilats
a greater resistance to power losses under
deformation conditions than MH-4001 fiber. Thisdse
to the diameter shrinkage in the GH-4001 fibernmmaker
than that in the MH-4001 fiber which make the power
ratio in the deformed GH-4001 fiber is greater thzat in
the MH-4001 fiber.The smaller diameter shrinkage and
higher glass transition temperature (Tg) interpvéig the
power loss increment in the deformed GH-4001 filser
less than that in the MH-4001 fiber.

high

0.014
£ s
O o0.013 |
= I
5 —&— MIH-4001at y=3 MGy
g ooiz | - = MH-4001at y=2.5 MGy
S I —=— MH-4001at y=2 MGy
IS - & GH-4001at y=3 MGy
o 0011 | —— GH-4001at y=2.5 MGy
5 0.
= i -® GH-4001at y=2 MGy
g
o.o01 |
15--*--*--*--*--*--*--*--*--*--
f—----T--i--ﬁ-- --r-ﬂ--r-ﬂ--;
0.009 ‘ - ‘ ‘ ‘ ‘ ‘
o} 5 10 15 20 25 30 35 40 45 50

Temperature, T°C
Fig.10. Variations of the power ratio againgtmperature at different radiation doseg) (with (@, =1 N/mnf), NA=0.2, and
2=1310 nm.

Figure (10) shows that the two fibers suffer loygemver
losses at higher radiation doses at constant vafue
average plastic energy density,(=1 N/mnf). This result
can be accredited to the reduction in the accumdlat
plastic energy in the deformed fibers as the deddion
radiation dose is increased, since the plasticgyn&iored

in the fiber, decreases with increasing radiatiarsed
Moreover a lower value of the APED reduces the
scattering losses in the deformed POF since a emall
stress accumulated in the fiber can result in allema
variation of the refractive index along the fibere [14].

Furthermore, a lower APED value implies that theFPO
experiences a smaller geometrical deformation g t
suffers smaller radiation losses. Hence, the tvier§
exhibit lower power losses at higher radiation dose
Moreover the figure shows that the power ratio dases
with increase the ambient temperature at consisrage
plastic energy densityii(, =1 N/mnf). Furthermore the
power loses in MH-4001 increase rapidly than thaBH-
4001. In the same time GH-4001 fiber maintains this
improved power loss resistance under high defoonati
radiation dose. This is because the GH-4001 filzer &
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higher glass transition temperature (Tg) than the-M
4001 fiber. Furthermore it implies that the chaiotion in
the GH- 4001 is less significant than in the other
materials. It means that the polymer chain of th&4801

is more inflexible than this of the MH-4001. Thg why
the power loss increment in the deformed GH-4002rfi

is less than that in the MH-4001 fiber. Howeveg ttvo
fibers are still exhibit power losses at higheriatidn
dose.

Figures 11-13 show the relationship between theepow
losses in the POFs and the ambient temperature as a
function of the critical bend radius parameters.

0.013

£

o

~

5 0.012

I —&— MH-4001at
N [ - - MH-4001at
2 o0.011 |}

= [ —&— VIH-4001at
o - & GH-4001at
P —

g o.o1 | —— GH-4001at
o

a

- B GH-4001at

n2=1.5
n2=1.35
n2=1.2
n2=1.5
n2=1.35
n2=1.2

0.009

0.008 L

10 15

30 35 45 50

40

Temperature, T,°C
Fig.11. Variations of the power ratio againsémperature at different clad refractive index {rwith (i, =1 N/mnf),
NA=0.2, andi=1310 nm.

Figure (11) reveals that the power ratio decreasethe
value of the refractive index of the optical fikdad ()
decrease at constant value of average plastic ynerg
density (i, =1 N/mnf) and radiation dosey 0.1 MGy).
This result can be accredited to smaller clad céfra
index will results in large acceptance angle whigha
figure that represents a fiber light gathering dalfis.
However the change in the rays’ paths as they ltriave
bent fibers due the geometry change of the origh@aF

as a result of both the ambient temperature and the
loading deformation, and consequently induces tadia
losses. Furthermore, the stresses within a POFechelj

to bending and elongation forces are not distridute
uniformly, but vary along the length of the coreheT
resulting inhomogeneous distribution of the refraect
index leads to scattering losses [14]. The higher
acceptance angle indicates that more modes we thesve

means that greater radiation and scattering lossss
due to the change in the rays’ paths as a resuthef
loading deformation and inhomogeneous distributibn
the refractive index and therefore there are mérhem.

So that the power loses increase in a lower cladatve
index fiber. Furthermore the power loses in MH-4001
increase rapidly than that in GH-4001. In the sdime
GH-4001 fiber maintains this improved power loss
resistance under high deformation temperature. This
because the GH-4001 fiber has a higher glass ti@msi
temperature (Tg) than the MH-4001 fiber. Furthermnibr
implies that the chain motion in the GH- 4001 issle
significant than in the other materials. It meanat tthe
polymer chain of the GH-4001 is more inflexiblertthis

of the MH-4001. This is why the power loss incremien
the deformed GH-4001 fiber is less than that in Nité-
4001 fiber.
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Temperature, T,°C

Fig.12. Variations of the power ratio agains¢emperature at different numerical aperture (NA) thi (i, =1 N/mnf), y = 0.1
MGy, and4=1310 nm

Figure (12) reveals that the power ratio decreasethe
value of the numerical aperture (NA) of the optitiaer
increase at constant value of average plastic gnerg
density (i , =1 N/mnf) and radiation dosey 0.1 MGy).
This result can be attributed to the change in rthes’
paths as they travel in bent fibers due the gegmetr
change of the original POF as a result of bothatindient
temperature and the loading deformation, and
consequently induce radiation losses. Furthermtre,
stresses within a POF subjected to bending andyatmm
forces are not distributed uniformly, but vary ajothe
length of the core. The resulting inhomogeneous
distribution of the refractive index leads to sedttg
losses [14]. The higher NA indicates that more nsoge
have this means that greater radiation and saadteri

losses this is due to the change in the rays’ patha
result of the loading deformation and inhomogeseou
distribution of the refractive index and therefdhere are
more of them. So the power loss increases in lakyfer
fibers. Furthermore the power loses in MH-4001 éase
rapidly than that in GH-4001. In the same time Q)4
fiber maintains this improved power loss resistamceer
high deformation temperature. This is because thk G
4001 fiber has a higher glass transition tempegaflig)
than the MH-4001 fiber. Furthermore it implies thhé
chain motion in the GH- 4001 is less significararthn
the other materials. It means that the polymerrcbéaihe
GH-4001 is more inflexible than this of the MH-4001
This is why the power loss increment in the defatme
GH-4001 fiber is less than that in the MH-4001 fibe
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Fig.13. Variations of the power ratio againg¢emperature at different operating wavelengthy with (i, =1 N/mnf), y =
0.1 MGy, and NA=0.2.

Figure (13) shows that the power ratio decreasethas
value of the operating wavelengft) lecrease at constant
value of average plastic energy density, (=1 N/mn)

and radiation dosey(=0.1 MGy). This result can be
attributed to the change in the rays’ paths as tteesel in
bent fibers due the geometry change of the orightaF

as a result of both the ambient temperature and the
loading deformation, and consequently induce ramhat

losses. Furthermore, the stresses within a POFeceloj
to bending and elongation forces are not distridute
uniformly, but vary along the length of the coreheT
resulting inhomogeneous distribution of the reifraect
index leads to scattering losses [14]. the oparaticshort
wavelength means at the same time the operatitight
frequency thus the higher frequency, the wider the
bandwidth which indicates that more modes we have
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which give the ability of sending more complex
information this means that greater radiation and
scattering losses this is due to the change inralye’
paths as a result of the loading deformation and
inhomogeneous distribution of the refractive indaxd
therefore there are more of them. So the poweretoss
increases with increase the bandwidth or decrehse t
operating wavelength since wider bandwidth indisate
that there are more rays that carry informatiothinfiber
However with increasing the temperature which iempli
that the POF experiences a larger geometdefdrmation
and thus suffers higher radiation lossesrthermore the

power loses in MH-4001 increase rapidly than thaBH-
4001. In the same time GH-4001 fiber maintains this
improved power loss resistance under high defoonati
temperature. This is because the GH-4001 fiber das
higher glass transition temperature (Tg) than the-M
4001 fiber. Furthermore it implies that the chaiotion in
the GH- 4001 is less significant than in the other
materials. It means that the polymer chain of th&4801

is more inflexible than this of the MH-4001. Thiwhy
the power loss increment in the deformed GH-400grfi

is less than that in the MH-4001 fiber.
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Fig.14. Variations of the power ratio againg¢emperaturewith (i, =7 N/mnf), y=0.1MGy, andi=1310 nm.

Figure (14) shows that the when the APED increas f

1 to 7 N/mni MH-4001 fiber is still has a higher power
ratio than GH-4001 fiber but with increasing the
temperature  the GH-4001 fiber exhibits a greater
resistance to power losses under high APED than MH-
4001 fiber. The figure also shows that the two rbe
suffers the power ratio decrement with the incregpf

the ambient temperature at constant value of aeerag
plastic energy densityi(, =7 N/mnf) and radiation dose
(y =0.1 MGy). It is as a result of the change in tags’
paths as they travel in bent fibers due the gegmetr
change of the original POF as a result of bothatinient
temperature and the loading deformation, and
consequently induces radiation losses. Furthermide,
stresses within a POF subjected to bending andyatmm
forces are not distributed uniformly, but vary ajothe
length of the core. The resulting inhomogeneous
distribution of the refractive index leads to sedttg
losses [14]. Thus the power losses increases natlease

the ambient temperature, Moreover the figure shalss
that MH-4001 fiber is a higher power ratio than @éD1
fiber, at constant low average plastic energy dgr{ai,

=7 N/mnf). Furthermore the power loses in MH-4001
increase rapidly than that in GH-4001. In the sdime
GH-4001 fiber maintains this improved power loss
resistance under high deformation temperature. This
because the GH-4001 fiber has a higher glass tiamsi
temperature (Tg) than the MH-4001 fiber. Furthermnibr
implies that the chain motion in the GH- 4001 issle
significant than in the other materials. It meahnat tthe
polymer chain of the GH-4001 is more inflexibleritthis

of the MH-4001. Moreover with increasing the averag
plastic energy density which implies that the POF
experiences a larger geometrical deformation ang th
suffers higher radiation losses the GH-4001 fibdrilats
a greater resistance to power losses under
deformation conditions than MH-4001 fiber. Thisdge
to the diameter shrinkage in the GH-4001 fibemmaker

high
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than that in the MH-4001 fiber which make the power
ratio in the deformed GH-4001 fiber is greater ttzat in
the MH-4001 fiber.The smaller diameter shrinkage and

0.014

power loss increment in the deformed GH-4001 filser
less than that in the MH-4001 fiber at high tempes

r
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0.008
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Fig.15. Variations of the power ratio againsémperaturewith (i, =10 N/mnf), y=0.1MGy, andi=1310 nm.

Figure (15) shows that the when the APED increas f

7 to 10 N/mrf. MH-4001 fiber is still has a higher power
ratio than GH-4001 fiber but with increasing the
temperature the GH-4001 fiber exhibits a greater
resistance to power losses under high APED than MH-
4001 fiber. In addition MH-4001 fiber is breakdofaster

at temperature lower than in case of figure (14 ihdue

to increasing APED form 7 to 10 N/mMnThe figure also
shows that the two fibers suffers the power ratio
decrement with the increasing of the ambient teatpes

at constant value of average plastic energy derfsity
=10 N/mnf) and radiation dosey (=0.1 MGy). It is as a
result of the change in the rays’ paths as theyetrin
bent fibers due the geometry change of the orightaF

as a result of both the ambient temperature and the
loading deformation, and consequently induces tadia
losses. Furthermore, the stresses within a POFechelj

to bending and elongation forces are not distridute
uniformly, but vary along the length of the coreheT
resulting inhomogeneous distribution of the reifraect
index leads to scattering losses [14]. Thus the goow
losses increases with increase the ambient tenuperat
Moreover the figure shows also that MH-4001 fiberai
higher power ratio than GH-4001 fiber, at constiomt
average plastic energy densityi (, =10 N/mnf).
Furthermore the power loses in MH-4001 increasalhap

than that in GH-4001. In the same time GH-4001rfibe
maintains this improved power loss resistance uhétgr
deformation temperature. This is because the GH-400
fiber has a higher glass transition temperature) fhgn
the MH-4001 fiber. Furthermore it implies that thieain
motion in the GH- 4001 is less significant thantie
other materials. It means that the polymer chairthef
GH-4001 is more inflexible than this of the MH-4001
Moreover with increasing the average plastic energy
density which implies that the POF experiencesrgela
geometrical deformation and thus suffers higheratamh
losses the GH-4001 fiber exhibits a greater rasigtao
power losses under high deformation conditions tiah
4001 fiber. This is due to the diameter shrinkagehie
GH-4001 fiber is smaller than that in the MH-4004ef
which make the power ratio in the deformed GH-4001
fiber is greater than that in the MH-4001 fibérhe
smaller diameter shrinkage and higher glass tiansit
temperature (Tg) interprets why the power lossamant

in the deformed GH-4001 fiber is less than thatha
MH-4001 fiber at high temperature and APED condgio

In addition by comparing between results of figuged 4
and 15 we conclude that fibers have no change wepo
ratio when higher APED are applied.

\A CONCLUSION
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In this paper a block diagram model treating ttdiatéon

and temperature effects on the power losses of bent

polymer optical fibers is proposed to provide a méa
control the optical properties of fibers in raduati
environments. The radiation dose and the temperatur
dependence of power losses for the optical fibeesew
studied by using VisSim environment for radiationsel
ranging from 0.1-3.0 MGy and temperature rangirognfr
25°C-80°C. The effect of clad refractive index, numerical
aperture, operating wavelength under radiation and
temperature condition on the power ratio that shaws
high contribution in the performance of the optitiaker
links is demonstrated. Furthermore the results have
revealed that the GH-4001 POF exhibits a greater
resistance to power losses under high radiation,
temperature and loading deformation conditions than
MH-4001.
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