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1.0 INTRODUCTION

This test is designed to find the bend-induced losses of
four fibers. Three of these fibers are of the high
numerical aperture (NA) design, and one fiber is of the

low NA design.

Roanoke, Virginia
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2.0 SINGLE-MODE FIBER BEND LOSS STUDY

This test evaluates the bend-induced losses within a 3
single-mode fiber at 0.63282 um from a helium neon laser
and at 0.84 um from a gallium aluminum arsenide laser.
Three of the fibers used in the tests were made in the

.- ' earlier section of this contract. A low NA fiber for use

in this experiment was supplied by ITT EOPD.

2.1 Evaluation of the Bend Loss

The bend loss was evaluated using the equipment in Figure
2-1. This design makes use of a monitor coupler to
improve measurement accuracy. The monitor coupler
provides a signal which is directly proportional to

the power in the fiber and can, therefore, be used as

% A a reference. A transimpedance amplifier provides amplifi-

l cation of the signal for recording.

L. The throughput power is detected by means of a photovoltaic
detector with a fixed load. Both the throughput signal and
the amplified monitor signal are recorded by means of a

printing data logger.

Roanoke, Virginia |
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2.1.1 Monitor Coupler

The monitor coupler used in this series of tests is

shown in Figure 2-2 and the detector housing with completed i
coupler installed is shown in Figure 2-3. The detector §
collects the radiation emitted from the fiber providing |
an output signal to the amplifier. The monitor power was
required to linearly track the output power within 5%

as the output power is varied from 100% to 25%.

2.1.2 Double Wind Mandrel

The double wind mandrel is shown in Figure 2-4. It is
designed so that when the fiber is wound onto the mandrel,
it winds in both directions. Two mandrel sizes, 1 cm and
2 cm, were used in this test. It is worth noting that
mandrels of this design provide six transition regions.
Four transition regions occur when the fiber winds onto

or off the mandrel and two when the fiber is wound around

the 5-cm diameter disk shown at the center of the mandrel.

2.2 Method of Evaluation
In these tests the fiber is wound onto the mandrel with

S, 30, 100, 200, and 300 turns. An unwound measurement

Roanoke, Virginia
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is also made. The tap power and the output power are
- measured at each stage using the data logger. A minimum
of 10 samples was taken. These measurements were performed

on both mandrels at both wavelengths on all four fibers.

Roanoke, Virginia

2-7




__ITT Electro-Optical Products Division

3.0 RESULTS OF THE EVALUATIONS
In the experiment the loss is evaluated according to the

ratio of the throughput signal to the tap signal. This

ratio is
' P R.R
through through 1L
r: =
tap PtapﬁﬁzRf (3-1)
where Pthrough and Ptap are the throughput and monitor

coupler powers, R1 and R2 are the responsivities of the
throughput power and monitor power detectors respectively,

R, is the load resistor on the throughput power detector

L
and Rf is the feedback resistor on the transimpedance

amplifier in the monitor circuit.

Thus the induced loss 1is

% ¢ i T P P \
: Y = 10 log <& = -10 log/ th(t) | _tap(o)
Loy 0 Pthio) Ptap(t) s (3-2)
Coo ,
_ L. 1
|
!
?
|
|
!
|
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where the subscript t indicates the number of turns and the
. subscript o is zero turns. This technique allows the loss
compensated for the effects of injection conditions to be

expressed.

The two components of the loss can now be expressed as

Ts\
Initial loss = -10 10g10<r— in dB
) (3-3)
T \
. - - 300" 1
; Final 1loss 10 10g10<jr30 X 3%5 in dB/turn
] 3-4
\ (3-4)

The negative sign is included so that positive loss is

attenuation and negative loss is gain.

In practice the standard experimental error due to
amplifier drift and various noise sources is
approximately 3%. Thus, it is possible to obtain
negative loss answers on very resistant fibers. The
results of this experiment are summarized in Table 3-1
and plotted as

/I'
Percent variation = 100 ° ?EW
o (3-5)

on semilog paper in Figures 3-1 through 3-16 inclusive.
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Figure 3-1. EMT-21182a - l-cm Mandrel - 0.63282 um.
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EMT-21182a - 1l-cm Mandrel - 0.84 um.
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Figure 3-4, EMT-21182a - 2-cm Mandrel - 0.84 um.

3-7




R

c272el zoe

Wi ol

-
EX

‘wrt 782¢9°0 -

[srpuey wd-{ - CIPOZ-Wd

SNHNL 40 HIGNNN
092

"G-¢ dundyy

NOISSINSNYHL LN3JY¥3ad

3-8

- T e




‘wrl 797€9°0 - Y9ipuey Wd-7 - $IV07-W3

SNUN1 40 HIGNNN
1,0}

*9-¢ 2andry

NOISSINSNVY.l LIN3JH3d




B e ————

15 MA

ndy

PERCENT TRANSMISSION

.5

=

200
JmeeR oF #U8Ns

’ Figure 3-7., EM-20413 - l-cm Mandrel - 0,84 um.

3-10




‘url yg°Q - [dIpuBN WO-7 - €TH0Z-Wd °§-§ dandry

€ZzEN zoe SNUNL 40 HIBWNNN
00¢ 00%¢ 001

3-11

NOISSINSNVYHL LN3DY¥2d

- —

I
l
|




"utl 787€9°0 - 19IpPUBK WO-T - §8507-Wd "G6-§ oandiy

SNHN1 40 HITWNN
00¢ 001

.l
m
2
0
m
z
l
L |
o
>
2
]
-3
®
o
o
z

Vi 0’




‘wrl 78759 - T9Ipuel Wd-7 - 8850Z-Wl 01-¢ aindyy

SNHNL 40 HIGNNN

00¢

v
m
X
0
m
- 4
-t
>
4
»
m
v
7
(*]
Z




‘wr §g°Q - T[OAPUBK WO-T - 88SOZ-WH "11-§ dIndyy

TMZEL 708

SNUNL1 40 HIGNNN
001l

14

NOISSINSNVYHLl LN3JH3d

VN 0C°




e

o

Lot N s € A r s e N T e .

AP e (N R -1

Lrzey zog

*urd 8

0

[o1puep wd-7 - 88507 -Wd

SNHUNL 40 H3IAGNNN
00¢

*Z1-§ @uandyy

001}

ST A, s dvap

NOISSINSNVHLl LN3JH3d

3-15

s




"wrl 787€9°0 - T9Ipuel WO-T - SEYOZ-WI "ST-§ dandty

atlzet zog

SNUNL 4O HIAGNNN
00Q¢ 001

3

NOISSINSNYYLl LN3DH3d




= e Y S T s s

‘wrl 787€9'(0 - [9IpuBW WI-Z7 - S6V0Z-WH “vI-§ 2and1yg

SIZET Zos

SNUNL1 40 Y3ENNN

00¢ 001

- o

o o)

-

NOISSINSNVYHLl LN3DH3ad

3-17




s connss SRS S

'E—& . -
¥8'0 - Toipuey wo-y S6V0Z-wa  -gy-¢ 2an3ry
St2ey Z9¢
vos SNUNL 30 HIGNNN
00¢ 001

D1
v
m
a
g =
L ~
-t
)
>
Z
n
=
73
o
o ,.
Z -

DOL I3

4
002 M




~—— .- S e e e AT O Y oA )

‘wrt g°Q - [IIPUBK WO-7 - SE6¥0T-WI

TZ25t zot

SNHNL 40 HIGWNN

002 0

*91-¢ oandry

01

19

3

NOISSINSNVYHL LN3OY¥ad

.

RN

A

b
e







