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20.

ABSTRACT (Continued)

environmentally sealed, and isolate cable strains without

affecting the performance of the six optical connections.

It was discovered early in the development program
that the fiber optic ferrule was the major challenge in the
connector design and greatly affected the configuration of most
internal connector components. As a consequence, a program
was initiated to design a hermaphroditic connector shell and a
strength member termination which was versatile enough to

accommodate foreseeable ferrule and alignment sleeve designs.

The first major development and testing effort was
directed toward achieving a fiber alignment concept capable of
simple application and 1.0 - 1.5 dB loss. The major portion
of this Semi-Annual Report will be a descriptive history of the
fiber alignment concepts investigated, alignment analysis,

test results, conclusions, and recommendations to date.
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INTRODUCTION:

This report describes the development of a single fiber
alignment system for use in a six-channel hermaphroditic fiber optic
connector. The connector will be used to interconnect a strengthened
six-channel fiber optic cable.

Included in this report are the test results, conclusions and
recommendations of all ferrule and alignment designs which have been

investigated to date.




PURPOSE:

Fiber optic communication systems are unique when compared
to coaxial or twisted pair systems. They are neither affected by nor
radiate electromagnetic radiation. They have a higher bandwidth
capacity and are lighter and smaller in diameter than conventional
electrical systems. These capabilities are a great advantage in
military communication systems since the cable is intrusion-resistant,

can carry large amounts of data, and is easily deployed.

The purpose of this contract is to develop a connector which
will terminate a six-channel strengthened fiber optic cable as described
in the Technical Guidelines of Contract DAAB07-76-C-1357 issued by
USAECOM, dated 1 May 1976.




FIBER ALIGNMENT CONCEPTS AND TEST RESULTS

The heart of any fiber optic connector is the optical alignment system.
The requirements of contract DAAB07-76-C-1357, which was awarded to
ITT Cannon Electric on April 14, 1976 for the development of a six-channel
hermmaphroditic fiber optic separable connector requires that an optical
coupling loss not exceeding 1.0 dB for mated hermaphroditic plugs and 1.5 dB
for mated plug-receptacles be achiev%c‘i. The coupling loss is to be obtained
using Corning Glass Works Corguide -6 Corning #1010 cable. The cable
consists of 7 optical fibers, six of which are to be terminated in a fiber optic
connector and used in an optical transmission network. Each fiber has the
following dimensions and strength specifications*: L

1. Outer Coated Diameter (Buffer Diameter) 132 + pm

2. Outer Fiber Diameter (Classing Diameter) 125 + 6 pm
3. Core Diameter 85 um

4. trength Screen Test (Tensile) 20,000 psi

A direct approach to coupling optical fibers is to use the available
jeweled ferrule/quide sleeve concept. An analysis of the lateral alignment and
optical coupling loss which would theoretically be expected using Corguide-6
fiber in a jeweled alignment system is as follows( (Refer to Fig. 1)

Mated Fiber - Jewel orfice diameter concentricity 15 pm

Mated Fiber - Ferrule concentricity 10 uym
Mated Ferrule ~ Alignment sleeve concentricity 10 ym
TOTAL 35 ym

1/2 - A

The most probable concentricity deviation is L= [(15)2 + (10)2 + (10)2] 20.6 pm

This corresponds to a fiber core displacement of 24% which is a lateral align-
ment induced optical loss of 1.6 dB (Refer to Fig. 2). The total expected most
probable optical loss for a jeweled pin and socket alignment system is
therefore:

-0.30 dB Fresnel Loss
-1.60 dB Lateral Misalignment Loss

-1,90 dB Total Most Probable Optical Loss

*Corning Glass works Optical Waveguide Products Standard Fiber Specifications,
6/75
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Since a coupling loss of 1.90 dB is greater than the specification re-
quirement, the development of a ferrule design which compensates for vari-
ations in the fiber outer coated diameter and precludes alignment mechanism
clearances is required.*

A ferrule design which potentially compensated for the inherent fiber
outer coated diameter variations and eliminated the need for alignment sleeve
clearance would reduce the expected optical coupling loss to 1.0 dB. To
achieve this 1.0 dB requirement, the three-rod nylon ferrule was developed
(Refer to Fig. 3).

THREE-ROD APPROACH

A three-rod ferrule with rubber hourglass alignment sleeve was first
described in ITTCE's proposal for USAECOM Solicitation No. DAABQ7-76-Q -
1307, dated November, 1975. This ferrule was made from a deformable,
pliable, nylcn material which was molded into a ferrule having three equal
and parallel alignment rods at its mating end. These rods serve to align the
fiber that had been epoxied into the body of the ferrule. This assembly would
then be pressed into a rubber alignment sleeve in order to compress the legs
around and align the fiber (See Fig. 4). The concept behind this design was
the following: The Corning fiber varied in diameter from 125 to 139 am. To
compensate for the fiber diameter variation, a deformable alignment system is
required. One method of achieving a deformable alignment system is through
the use of a rubber alignment grommet which stretches as the ferrule is in-
serted, thereby applying a compressive force to the three aligning rods. This
compressive force uniformly distorts the rods around the fiber, thereby loca-
ting the fiber at the geometric center of rods and alignment grcmmet while
compensating for the fiber diameter variations.

An approximation to the amount of diametrical movement which the nylon
ferrules would have to expand the rubber grommet in order to generate sufficient
compressive force to press the nylon rods around the fiber diameter was devel-
oped (Refer to Fig. 5). The alignment grommet was made of ethylene-propylene
rubber. The ferrule was made from nylon which was pliable and would indent
around the fiber.

*(Please note the foregoing analysis was accomplished at the beginning of
the development effort. It is believed today that the components of a jewel/
ferrule alignment system can be designed/fabricated with dimensional accu-
racies to meet the 1dB requirement) .




The primary requirements imposed on a three-rod ferrule for use as a
compensator and locator in the optical interconnection mechanism outlined
on previous page are:

i Rod diameter uniformity both in the rod's physical dimensions
and in the material density.

20 A high degree of material pliability.

The dimensional uniformity of the individual alignment rods was critical.
In order to align the mating fibers, the geometric centers of each of the ferrules
had to be coaxial. This could be achieved only if each of the three ferrule
aligning rods had the same diameter, thereby forming an equilateral triangular
configuration which positioned the fiber at its geometric center. If an opposing
three-rod ferrule did not have equal diameter rods, @ geometric center displace~
ment would occur causing lateral misalignment of the mating fibers. As long
as the three-rod ferrules are in the configuration of an equiletieral triangle,
their opposing geometric centers will be coaxial even if the commrn rod dia~
meters of mating ferrules are different.

Material density variations must also be uniformly controlled. As the
rods are compressed onto the fiber during interconnection, the least compres-
sion resistant rod will displace more than the other two. This will effectively
reduce the rod diameter, thereby displacing the geometric center as would
happen if the rods' diameters were not equal.

Material pliability is essential in a three-rod system. The rods must
indent around the fiber in order to compensate for the variations in fiber cuter
coat diameter. In addition, the three aligning rods must be flexible enough
to conform to the aligning grommet channel without lateral displacement of
their geometric centers even when ferrule body displacements occur.

Optical coupling loss measurements were obtained as follows: A six-
channel, strengthened, ITT fiber optic cable 100 meters long was coupled to
an International Audio Visual "Fire" S-E Grade A light emitting diode by placing
the six connector fibers and one additional fiber in a hex pack configuration
inside a ferrule. The ferrule was rigidly mounted on an adjustable stand and
optimally positioned against the LED. The emitting end of the cable was
stripped and the fibers were individually bonded into separate receiving ports
which held a DV 444 A EGG photodiode. The fibers were individuallr mode
stripped at both the receiving and emitting end of the cable with corona dope
to eliminate any cladding light. The LED was activated and reference output
light levels were recorded for each individual fiber. The system was allowed
to remain in this activated state for two days in order to insure LED and me~
chanical support stability. After insuring that the system was optically stable,




the cable was severed at the center and three-rod nylon ferrules were attached
to the severed fiber ends and inspected for surface quality, cleanliness, and
axial position. The fibers were installed in a connector housing which was
designed to contain, house, and properly support the alignment mechanisms
and cable support hardware of the three-rod optical alignment system. During
installation of the six optical fibers, two fibers broke. The optical evaluation
was completed using the remaining four channels. Upon coupling the connector
it was found the individual channel losses ranged from 3.5 dB to 12.0 dB. It
was also found during evaluation that the optical coupling loss could be de-
creased if the connector was only partially uncoupled and then retightened.
The resulting optical coupling loss ranged from 6 dB to 0.36 dB after fifteen
partial couplings (Refer to Fig. 6). The reason for the initial high optical
coupling loss was that the 'O'-ring spring was not sufficiently strong to over-
come the frictional restraining force of the alignment grommet. This created a
significant gap between the mated ferrules. Subsequent partial connector
matings pushed the ferrules closer tcgether with a corresponding reduction in
optical coupling loss. After nine mating cycles the back restraining nut on the
connector became loose and was tightened. This had the effect of pushing the
ferrules closer together with a reduction in optical coupling loss as shown in
Fig. 6. Because of the test results it was decided to redesign the alignment
system by positioning the ferrules further forward which would allow the con-
tacts to penetrate further into the alignment grommet and abut with a preload
of approximately one pound. With this change it was found that the nylon legs
receded axially due to creep exposing the fibers to compressive stress. This
allowed the fibers to come into direct contact, to buckle, and, consequently,
fracture at the ferrule bond line. This appeared to happen spontaneously even
after the system had been coupled and was functioning properly for several
hours. The solution to the creep problem was felt achievable by using a
stiffer material for the alignment rods. To overcome the problem of alignment
relaxation, a Valox* three-rod ferrule was developed. It was felt that the
glass filled Valox would have enough deflection capability that the rods would
indent and take up the diameter cdeviations in the fiber. Measurements of the
nylon and Valox showed that the Young's modulus for nylon was 83,000 psi
whereas the glass filled Valox mcdulus was 415,000 psi. A ferrule was built
using the same molds that had been used for the nylon except that gas bleed
holes were placed in the mold at the ends of the ferrule rods. This was re-
quired because gasses generated in the Valox material inhibited proper filling.
The ferrules were molded and it was found that the fibers inserted easily into
the system and the ferrules could be easily pressed into che alignment grommet.
However, the Valox was found to be too stiff to be properly deflected by the
rubber grommet. In other words, any movement at the back end of the ferrule
would generate a rocking action within the alignment grommet thereby mis~
aligning the fibers. This was catastrophic to the system because the inter-

*Registered Trademark of General Electric

aiba,




connections were extremely ermratic, especially upon final tightening of the
connector (Refer to Fig. 7).

In order to overcome this problem of instability, it was felt that by re-
ducing the cross-sectional area of the alignment rods the flexibility could be
made equal to that of the nylon system while maintaining the high creep resis-
tance obtainable in the Valox system. Using this concept, a metal three-rod
ferrule (Fig. 8) was developed. The concept used copper tubes which were
experimentally found to indent a sufficient amount to make up for most of the
deviation in the fiber's diameter under loads which could b2 generated by the
rubber grommet. It was felt that with this material, and if the cross-sectional
area was reduced thereby reducing the moment of inertia, the desired flexibility
could be achieved. A system was built where the three tubes were molded to
the ferrule body and the cross-sectional area of the tube was reduced. The
metal tubes were found to be as flexible as the nylon, but because of the three
different bending moments of the rod assembly, the configuration was quite
stiff and the rubber grommet would not flex the aligning rods. Any movement
at the back end during coupling or tightening would cause severe movement of
the front end where the alignment was occurring. Also, the reduced length of
the aligning rods reduced the generating force of the rubber grommet causing
the ferrule to be even more unstable when flexure occurred at the back of the
system.

The fourth concept developed utilized a three-rod ferrule with a metal
restrictive band pressed over the three metal rods after the fiber had been
mounted into the ferrule (Refer to Fig. 9). The metal band achieved the re-
quired consolidation, however, the system was quite unstable in the rubber
alignment grommet sleeve due to ferrule stiffness. This system was abandoned.

The fifth system incorporated a Valox ferrule pressed into a metallic
circular tube and aligned in a split alignment split alignment sleeve, thereby
compressing the Valox rods around the fiber (Refer to Fig. 10). The outside of
this sleeve was machined and concentric to the ferrule. The machining
achieved a system which pressed deformable rods around a ficer and provided
concentricity to an outer sleeve. The ferrule was aligned in a split alignment
sleeve which stabilized the ferrules overcoming the deflection and instability
problems which were paramount in the other rubber grommet so that it would
float and also achieve environmental sealing when the connector was fully
mated. A rubber 'O'-ring spring was used to drive the ferrules into the aligning
sleeve. With this design, the creep problem of the ferrule was eliminated be-
cause the ferrule was metal, except for the Valox alignment rods which did not
protrude beyond the metal ferrule. The design achieved the highest stability
of any of the ferrule designs investigated. However, two problems were en-
countered: the spring loaded split alignment sleeve required a high axial force
to overcome the friction drag necessary to achieve total ferrule penetration.




The force requirements were above eight pounds and could not be generated
with an 'O'-ring spring with its limited 0.050 inch deflection capability. A
coil spring with a rate of approximately 200 lbs. per inch and a wire diameter
of 0.03S inches would have been needed. This spring would have increased
the ferrule diameter from 0.140 to 0.190 inches which was excessive. The
second problem encountered was that the density of the Valox rods varied
sufficiently from rod to rod to give a 12.5 um geometric center displacement.
This density variability was a molding problem which was not correctable.
The resulting 12.5 um displacement resulted in a maximum 25 um lateral mis-
alignment which amounted to an additional 2.0 dB optical coupling loss. The
concept was abandoned.

After extensive investigation, it was concluded that attainment cf suf-
ficient material uniformity in plastics, either in their modulus parameters or
in their diameter, was not sufficient to achieve the alignment necessary for
al.0 - 1.5 dB interconnection and/or stable enough to prevent creepage which
results in fiber breakage. The three-rod approach (concepts 1 through 5) was
abandoned in favor of an all metallic three~sphere ferrule with seli-seating
alignment characteristics.

THREE-SPHERE APPROACH

The three-sphere keyed ferrule self-aligning concept consists of a metal
ferrule body containing three grade 25,4400 cress spheres which are sized so
as to create a hole whose effective diameter will pass the largest Corning
fiber diameter (139 um). The system is keyed, which properly orients the
spheres so that during mating they will automatically nest within the inter-
sticies of the three spheres of the opposing ferrule. The standard aligning
spheres are readily available at nominal cost with tolerances typically one
micron or better in diameter (Refer to Specification Sheet, Appendix A). The
spheres are attached to the ferrule body with a metal retaining cap, which is
pressed onto the body of the ferrule (Refer to Fig. 11).

The system is assembled as follows:

s Three precision spheres are loaded into a sphere retention cap
which is hand pressed onto the ferrule body. Seating is attained
under an approximate axial load of 15 pounds. After assembly the
spheres protrude nominally 125 uym, which allows interference free
seating of opposing ferrules.

2. The fiber is installed from the end opposite the spheres. Its lo-
cation is obtained through the use of a fourth sphere which rests
within the three spheres. The Diameter "Dy " of the positioning
fourth sphere is determined frcm the equation Dgy = 2.725D;.
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Where "D;" is the diameter of the aligning spheres, refer to
Appendix B for derivation . Holding the ferrule vertically with

the sphere end up, the fiber is properly located when the fourth
sphere just begins to lift from its seated position (Refer to Fig.12).
The fiber is then clamped and epoxied to the ferrule body.

The three-sphere keyed ferrule single fiber alignment concept was evalu-
ated for optical coupling loss, sand and dust susceptibility, vibration damage,
and thermal shock effects.

The optical coupling loss test was an evaluation of fiber and ferrule-
induced optical losses. As a first step, 2 10 meter length of Corguide=-6 fiber
was removed from the Corning 1010 cable and inserted between an LED and a
photodiode. The fiber was mode stripped with corona dope both at the LED and
photodiode ends. The fiber/LED/photodiode system was allowed to reach
thermal and mechanical stability which required approximately four hours. Once
an optical output power reference had been established, the test fiber was
cleaved. More than one cleaving was required since the cleaved ends showed
fracture marks which propagated into the fiber core. Unfortunately, this end
preparation sequence used up approximately ten inches of fiber so that the final
mating ends were not from adjacent pcsitions in the fiber. The non-terminated
free state fiber ends were mounted to a five degree of freedom micrometer ad-
justment optical stage. Using this optical stage, c¢oupling loss as a function
of gap, lateral displacement, and angular misalignment were obtained. This
data is plotted as free space data curves in Figures 13, 14, and 15.

Figure 13 illustrates the optical coupling loss of the non-terminated free
state Corning fiber as a function of its gap to core diameter ratio. It is inter-
esting to note that the lowest coupling loss achieved (at zero gap) is 1.14 dB
when 0.30 dB loss should be achieved due to Fresnel losses. The reasons for
this additional 0.84 dB loss is due to end surface angularity, core diameter
mismatching, numerical aperture mismatching, and contamination.

Figure 14 is a plot of coupling loss data obtained for lateral displacement
in percent of fiber core diameter. The data correctly shows the optical coupling
loss increasing without limit as lateral displacement approaches the fiber core
diameter.

Figure 15 is a plot of measured off axis angular coupling loss deviations.
The lcss is linear within the 3 degree range of measurement and amounts to a
loss of 0.3 dB per degree. The fibers which were evaluated for free space
coupling loss were terminated in two three-sphere keyed ferrules and evaluated
for optical coupling loss as a function of gap to core diameter, which is the
only independent adjustable variable in the three-sphere keyed alignment system.




By using Figure 13 to extrapolate the ferrule terminated fiber optical

coupling loss data from the initial uncoupled ferrule engagement (Point 1) to a
hypothetical free space zero gap position (Point 2) and the coupling loss data
from the fully coupled ferrule engagement position (Point 3) to the hypothetical
coupled zero gap position (Point 4), estimates can be made of the fiber and
ferrule-induced optical losses of the coupled ferrule assembly. Figure 16
shows that of the 3.15 dB extrapolated optical coupling loss, 0.3 is Fresnel
loss, 1.2 is fiber-induced loss, and 1.65 dB is ferrule-induced loss. The dif-
ference between the 1.2 dB hypothetical zero gap ferruled free space value and
the 0.84 zero gap measured unferruled free space value is due to additional
fiber mating surface angularity caused by rotational movement of the fiber during
installation into the ferrules. The 1.65 dB ferrule-induced coupling loss is a
combination of two effects, excess hole size and off axis deviations of the
fiber within the ferrule body which translate into lateral misalignment at the
mating position. The keyed ferrule aligns the mating fibers with 899 um diam-
eter spheres arranged in groups of three; the effective hole size between
spheres is 137 um and accepts a fiber whose measured outside diameter is as
small as 124 um. This could amount to a 12 um maximum lateral displacement.
In addition, the orifice through which the fiber protrudes acts as a pivot point
through which off axis deviations of the fiber within the ferrule body are trans-
lated into lateral misalignments at the mating position. By using Figure 14,
the effective lateral misalignment, which results in a 1.65 dB coupling loss,
is 24.3 um, which is equivalent to a 3.2 degree deviation from axial alignment.
As can be seen from Figures 13 and 14, the optical coupling loss is much mera
sensitive to lateral deviations than to gap by a factor of 12 to 1 in the near
field range. The residual, gage measured, excess fiber gap (Refer to Fig.16)
is 69 um and is a result of fiber movement during epoxy curing operations.
The Corning fiber was found to be extremely brittle and subject to breakage |
during normal handling operations. This made application testing very time-~
consuming and difficult. The testing sequence had to be repeated four times
before an unbroken channel was established. ;

it Ll ncardithn s v,

PRELIMINARY TESTING OF THREE-SPHERE FERRULES

In addition to optical coupling loss measurements, sand and dust,
vibration, and thermal cycling tests have also been conducted on the three-
sphere keyed ferrules mounted in a single channel connector.

The sand and dust test was run according to MIL- STD 202E test method
110A, the test procedure reported in Appendix C, on five three-sphere keyed
ferruled fibers, two of which were mounted on connector hardware.

It was founmd that the sand and dust pitted the fiber glass end face. It
should be noted that there was no fiber shattering, but only minor chipping
even though the fiber was unsupported and cantilevers out approximately




0.014 inches from the sphere's support. The mating surfaces were cleaned
after sand and dust exposure. The test resulted in 6 dB additional optical
loss per mated ferrule. It is interesting to note that fiber on the receptacle
side of the test connector was not damaged by the sand and dust exposure.
Ferrules in the receptacle are recessed approximately 10 mm. This gap
excluded the sand particles from the ferrule interface. A possible solution
to the sand and dust pitting problem may be to provide a protective shroud
which axially slides back when the connectors are mated.

The vibration test, Appendix D, was conducted separately in three axial
directions at accelerations of 10 g's over @ nine-hour period with excursions
from 10 to 500 Hz. The results of the test showed that the spheres did not
loosen in their retention cap and no fiber breakage occurred. The conclusion
is that the ferrule system is quite stable and not subject to degradation due
to the vibration environment at the tested levels. These tests were conducted
in both a mated and unmated condition. Optical evaluations were taken both
before and after vibration tests. An increase of 1.56 dB in optical coupling
was recorded. This was found tn be due to instability in the optical reference.
(Additionai optical equipment has been installed in the system to eliminate
the instability problem.) The conclusion is there is no significant optical
coupling efficiency degradation due to the vibration.

Thermal cycling tests, Appendix E, were run on the system to determine
the effects of temperature on the fiber and the connector coupling loss. Quartz
is more thermally stable by an order of magnitude. Temperature induced move-
ments may result in fiber protrusion from the ferrule causing the fiber to carry
the full load of the connection. Also, if the fibers receded, the interconnection
would have a higher dB loss. The thermal test was conducted according to
MIL-STD-202, Test Method 107, Test Condition A, at @ temperature range of
-55" to +85 C and was continually monitored for optical changes as is
described and illustrated in Appendix E. The system showed repeatable cyclic
optical deviation of +1.0 dB to -6.5 dB from the initial room temperature level
(Refer to Fig. 17). An absolute room temperature coupling loss measurement was
not obtainable due to the lack of a reference measurement on uncleaved fiber.
As yet, the mechanism by which change is occurring is not understood, but is
believed due to a complicated interaction between the connector and ferrule.
Additional tests will be run to understand and eliminate this problem.

As a result of these tests, it was felt that an improvement in the fiber
alignment system could be obtained if the fiber was clamped by the three
aligning spheres instead of being guided as in the key ferrule design.

A sketch of the ferrule construction is shown in Figure 18, The three-
sphere adjustable ferrule's main advantage over the rigid orifice ferrule design
is that it creates an adjustable fiber orifice which clamps the fiber and aligns
it to the geometric center of the nesting spheres while compensating for minor
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variations in fiber outside diameter. This is accomplished by using 794 um
diameter spheres instead of 889 um diameter spheres used in the three-sphere
keyed ferrule design installed on a spring loaded ramp within the retention
sleeve. Use of grade 25, Cress 4400, standard ball bearings for spheres pro-
vides lateral alignment concentricities of ljum.

Fifty prototype ferrules were made and evaluated in three separate tests.
The three tests were: (1) optical coupling loss; (2) ferrule coupling engage-
ment force; (3) contamination tests.

OPTICAL COUPLING LOSS

The optical coupling loss test was an evaluation of fiber and ferrule in-
duced optical losses as a function of the independent variable "fiber gap/core
diameter ratio"” (Refer to Fig. 19). As a first step, a 10 meter length of Cor-
guide-6 fiber was removed from the Corning 1010 cable and inserted between
an LED and a photodicde. The fiber was mode stripped with corona dope both
at the LED and photodiode end. A fiber was placed in the same fiber holding
mechanism as the fiber to be tested and used as a monitor of LED optical power
output. Once an optical output power reference had been established, the test
fiber was cleaved. More than one ¢leaving was required since the cleaved
ends showed fracture marks which propagated into the fiber core. The fiber
ends were mounted in a five degree of freedom micrometer adjustment optical
stage. Maximizing the power output/minimizing the optical coupling loss
resulted in the data plotted as the free space data curve #l of Fig. 19. The
resultant measured zero gap optical loss was 0.45 dB. This curve was used
as the basis for evaluating the optical coupling loss associated with the fibers
mounted in three-sphere adjustable ferrules. The second test sequence was to
duplicate the free space test using the same fibers mounted in three-sphere ad-
justable ferrules. The fiber alignment tests conducted on ferrules were accom-
plished by both minimizing (fiber position optimized) the optical coupling loss
at each gap increment (Curve 2) and in the unmaximized state (Curve 3 - fiber
position non-optimized). Figure 19 illustrates several items of interest. At a
gap to core diameter ratio of 0.828, the aligning spheres began to couple,
thereby laterally repositioning the mating fibers independent of the manipulative
stages. In both cases, (Curves 2 and 3) the ferrules self-aligned and resulted
in @ 1.30 dB coupling loss at zero gap. By extrapolating the maximized data,
Curve 2, to the zero gap position, the fiber and ferrule induced coupling
losses can be extracted. Of the 1.30 ¢B ccupling loss, 0.3 dB is Fresnel loss,
0.6 dB can be attributed to ferrule induced losses. We have determined that
the ferrule induced coupling losses were due to off axis misalignment of the
fiber within the ferrule body and were 1.25 dB lower than the ferrule induced
losses in the keyed design. Internal bedy to fiber clearance allowed the fiber
to pass through the spheres at an angle causing a lateral misalignment of the
fiber ends. The difficulty can be corrected by providing two rows of spheres

| i,.mlmw —
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which align off each other and independently clamp the fiber. The fiber in-
duced loss of 0.60 dB was found to be due to non-perpendicular mating fiber
end faces and core diameter and index mismatched effects which analytically
f prove to be minor. In order to confirm this, a free space fiber test was run

" where one fiber was axially rotated +/- 180 degrees with respect to the other.
The results are shown in Figure 20 and indicate a sinusoidal 1.09 dB variation
in the coupling loss. This value is the total coupling loss deviation due to
rotation of non-parallel fiber end faces. The 0.6 dB fiber induced loss of
Figure 19 is simply the value at the particular installed position within the
ferrule. As a result, ITT Cannon Electric is presently evaluating the cleaving
procedures in crder to produce axially perpendicular mating fiber ends.

FERRULE COUPLING ENGAGEMENT FORCE

| Three-sphere adjustable ferrule mechanical coupling tests were run to

' evaluate the keying and coupling force requirements of the ferrule. Two
ferrules were mounted in a simulated installed position on an Instron (cali-
brated tensile/compression tester). The ferrules were opposingly aligned and
capable of being rotated so as to have rotational misalignment (Refer to Fig. 21).
The two curves shown in Figure 21 illustrate the mean and standard deviation
of the vertical mating force (Fv) required to cause rotational alignment of two
opposing three-sphere adjustable ferrules. The stall line represents the co-
efficient of friction (K) between opposing spheres at each angular misalignment
position based upon the theory that coefficient of static friction equals the
tangent of the angle between the vertical mating force and the normal ferce.

Alignment motion/sliding will only take place when the frictional force
component (FR), is less than the opposite applied force component (F ). There-
fore, mating will take place if the tangent of the initial engagement angle (©)
is greater than the coefficient of friction. If the engagement angle (€) is too
small, the restraining force (FR) will be greater than the alignment force (F )
causing a locking conditicn which cannot be overcome with the application of
a greater vertical mating force (Fy). The angle (©) at which locking occurs is:
(8) = Tan ~1(X). As can be seen from the data, the vertical mating force (Fy)
does grow drastically beyond the stall line intercept and is consistent with
theory. The results of this data indicate that a viable way to insure coupling
alignment with an adequate safety margin is to key the ferrules to less than a
total rotational deviation of 25 degrees with a vertical mating force of 1.5
pounds or greater.

CONTAMINATION TEST

One of the main concerns of the three-sphere adjustable ferrule design
has been the fear that dust particles trapped between the aligning spheres and
the fiber may cause fiber breakage. A test was run where 1 um alumina polish-

—
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ing compound was placed on the aligning spheres in the form of both dry powder
and a wet slurry. A fiber was placed between the aligning spheres and the
contaminated spheres were caused to spring impact the fiber approximately

two hundred times. The fiber was axially moved during the test in order to

put compressive and tensile stress on the fiber to insure that alumina particles

were in the impact area. The test resulted in no broken fibers and no visible
scratch marks on the fiber.
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CONCLUSIONS AND RECOMMENDATIONS

The three-rcd distortable ferrule design requires aligning rods having
identical material uniformity and diameter. The aligning rods must be suffi-
ciently rigid to eliminate axial distortion, when abutted, but pliable enough
to be positioned by an elastomeric hourglass alignment sleeve. After exten-
sive investigation, it was concluded that attainment of sufficient material
uniformity in plastics, either in their modulus diameter or in their diameter,
was not sufficient to achieve the alignment necessary fora 1.0 - 1.5 dB inter-
connection, or stable enough to prevent creepage which results in fiber break-
age. It was recommended, and accepted, that the three-rod design work be
discontinued and replaced with a three-sphere design which is not subject to
material non-uniformity problems.

Investigations to date on the three-sphere ferrule design indicate that
the aligning spheres must be undersize in order to insure positive clamping
of the fiber, thereby eliminating lateral misalignment due to fiber diameter
variations. A method for improving fiber-ferrule axial concentricity to elimi-
nate cantilever lateral misalignment is required. It has been found that
ferruled fibers are damaged by direct impingement of moderate velocity sand
and dust particles on the fiber end face. It has also been found that no damage
occurs due to 10 g vibrational stress in the frequency range from 10 to 500 Hz.
It is recommended that (1) a protective shield be incorporated into the connec-
tor design tc eliminate sand and dust damage, (2) an additional row of align -
ment spheres be incorporated into each ferrule to insure proper axial fiber align-
ment, and (3) @ method of cleaning fibers to provide mating surfaces with
axially perpendicular ends be developed.

ﬂ_-_-——-——M
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2ALLS, CUSTC ADE
a!—';eq (213) 582-7248

2 2R A 9

ZALLS are cuciom miscie
G e tafid A DIVISION OF }ICRO SURFACE ENGR., INC.
LSQLILRY ;"j L Y 1 - 1550 E. Slauson Avenue
iy : Los Angeles, CA 90011
i
| 8l e
i L S (G

i3
#1 Last year Zzl-icsc Div.* delivered 93% of all ball orders within
three days.
#2 Bal-tec will custom manufacture special balls of any workable

material.

RS
W)

We can manufacture talls from under .020" dizmeter to over 17"

diameter to any exact size needed.

#4 There is NO minimum quantity requirements. We can make a single
ball, if that is the most economiczl solution to your problem.

#5 We are a well established company with over two decades of experience
in manufacturing special custom made balls.

#6 We maintain a large inventory of overruns on previous special orders,
and carry a full inventory of standard fractional sizes. The special
ball you need, may be ln stock right now.

#7 Both our manufacturlng plant and warehouse facilities are located in
the central Los Angeles area, for the fastest possible service to
the west.

#8 Because we process many small orders at the same time, the cost of our
custom made balls is very reasonable.

#9 The quality of our product is protected by the finest metrology

department with the most up to date equipment in the in the industry

today.




CLIROSION RESISTING HARDENED BALLS-are mfg. from steel conferming to AISI 440C.
This xzaterfzl is strongly magnetic., The balls are properly heat-treatad, free of
surface decarburization,

15 ESISTING UNHARDENED STEEL BALLS-are mfg. from steel to AISI Type 316,
unless oth= rwise specified. This material is only slightly magnetic.

2fg. from selected brass free from alloy segregation in the analy-
=70%, Zinc=30-40%.

3T (T BALIS-zre nfg, from material conforming to Aluminum Association Specifica-
tion No. 2017 (SAE No. 26).

TINGSTEN CARBIDE RALT

TUNGSTEN CARBIDE BALIS-are mfg. from high grade material in the range of Tungsten
Cerbide- 93.5-%94.5%, Cobalt-5.5-6.5%.

BERYILIUM COPPER BATIS-are mfg. from szlacted material free from alloy segregation:
-crvll-4m~l.80—-.051, Nickel & Ccbalt-.20(minimum) , Iron, Nickel & Cobalt-.607
(Maximum), Copper-Balance.

NYLON BALIS-are resistant to mest common organic solvents, oils, greases and electro-
lytic corrosion. Nylon has a good heat resistance, high tensile strength, fatigue
endurance, compression and shear strength, abrasion resistance, low coefficient of
friction and very good electrical properties,

TEFLON BALIS-are unaffected by practically all organic solvents, strong caustics,
cryogenic missile fuels, liquid oxygen and concentrated acids. Properties include:
zero water absorption, highest heat resistance of all thermoplastics, good physicals
from cryogenic temperatures to +500° F and good compressive strength.

POLYPROPYLENE BALIS-are resistant to organic solvents below about 80°c. 1t is

very resistant to bases and weak acids, and 1s slowly attacked by oxidizing acids.
These balls float in water and have a low water absorption.

* MASTER TASLE OF BALL GRADES AND TOLERANCES

Grade Diameter "V" Block | Diameter Basic Marking Maximum I
Tolerance Out-<of=-Round { Tolerance Diameter Increments Surface
per Ball in 120 Angle | per Unit " Tolerance Roughness

: Container Micro-inch
inch inch inch inch inch

3 .000003 . 000003 .000005 f.00003 000003 $9 (1)

5 .000005 .000005 .00001 ;.00005 .000005 W/ (1)

10 .000010 .000010 .00002 . 0001 .000010 1.0 (1)

15 .00C015 ~000015 .00003 i 0001 .000015 1.2 (1)

25 .300025 .000025 .00005 -. 0001 .000025 1.5 (1)

50 .00005 .00005 .0001 t.0002 .00005 3.0

100 .0001 .0001 .0002 * .,0005 .0001 5.0

200 .0002 .0002 .0004 *.0010 .0002 8.0

439 .0003 .0003 .0006 +.0015 .0003 Bl
.0005 .0005 .001 }.ooz .0005 NOT

5830 .89& 001 .002 ‘;.005 NOT APPLICABLE

o0 .002 002 .004 ;.005 APPLICABLE
3000 .003 ,003 .006 -.005

1) These grades may carry
waviness requirements.
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AFPPENDIX 5

LERIVATION OF FIBER INSTALLATION
FIXTURE 7O ACHIEVE ZEROD GAF

CPPOSING ALIGN!MENT / )\

SFPHERE RIOWS

/ £
Do=4 (5 = =)=27250
2= 4 (2 =) /
Do = 2.725 D, IF Dy=.03/125" 0o =.085"

D) =.035 D2=,095"
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ITT CANNON ELECTRIC

666 EAST DYER ROAD

SANTA ANA, CALIF. 92702
PURCHASE ORDER NUMBER 55623
JUNE 21, 1977

REPORT NUMBER 142-445

A. ZJEST:

B. TEST LTEMS:

C. REFERENCES:

—Barker

Parker Hannifin Corporation
Air and Fuel Division

18321 Jamboree Blvd

P O. Box C-19510

Irvine, CA 92713 US.A.
Phone (714) 833-30CC

VIBRATION, SINUSOIDAL

(2) THREE-SPHERE F O FERRULES
(1) SINGLE-CHANNEL F O CONNECTOR

MIL-STD-202E
METHOD 204C
TEST CONDITION A




PAGE 2
142-445

Parker Hannifin Corporation
Air and Fuel Division

18321 Jamooree Biva.

P. O. Box C-19510

irvine, CA 62713 US A
Phone (714) 833-3C0C

D. TEST PROCEDURZS AND TEST RESULTS:

This is to certify that each specimen was subjected to sinusoidal
vibration in each of three mutually perpendicular axes over the
frequency range of 10 to 500 to 10 HZ at an applied double amplitude
of 0.06 inch up to a 1imiting value of 10.0 G-Peak.

The frequency range of 10 to 500 and return to 10 HZ was logarithmically
scanned in 15 minutes. This cycle was performed 12 times in each of three
mutually perpendicular axes.

No anomaly was observed.
Tests were perfarmed at room ambient conditions consisting of a temperature

of 22 % 5°C and a relative humidity of less than 70 percent and Barcmetric
pressure between 28 to 32 inches of mercury.

A
: Sy
G. HiTi3 R.~J. Bruno,
Dvnamics Test Specialist Quality Engineering Supervisor
§ ; 7%

R. Urene,
Dynamics Laboratory Engineer
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1742 2003 | /9014 /9.4
1245 1. 2600 /.908 /4.3
- , — ‘



fest * Report Nunber Mty ‘et Ko,
Power level C‘ur:‘m& TENLCYC 7
Referenze Suec”'culnns/ = = i ] Date Started Date Lompicted
RPI 534 £ &com Technal Guidelines| 22 Jun 77 | 22 Jun 77
Test Metnad § Recuiresent iest Group Sample Nuroers
— | Sindle FO Comecdor
Tes B%q \] b : ]
mep_; Fﬁﬂum;y Pressure | Cata Unit
T T TR T e Tats TR TN - 57
O rive Drive O“+P“+
Time //» Zo y) Ve n;»
/152 2002 | /904 /9.8
/755 . 2002 /.209 /9.8
/800 . 2004 /.30 /S.0
/R0 2002 . 904 /5.0 End
/804 .. 2000 /. 908 /1S.2 Room
| /805 L 200/ [.909 /8.5
/1805, 2 L2002 490 9 /5.5
/8054 | 2002 L3201 A
(805 4 RYERA X s End
/806¢ .9 14 _Start
| /806 4 /7
Nszec.2 34
é A szt d 4
| /806.5 3
=2 %\
b /906, 6 3%
o (866.7 | 2001 [.201 gt
= | /8068 | 200/ L50 4 - -
= /8ct. & | 200/ | 1909 Y |
= /022 | p01 | 1901 3¢ |
> (807.y | L2004 /90 % 3y ;
= | /907 C 2001 [ 307 3¢
L= | (207, 8 3¢ |
/£07 .9 28 I
/808 0O % |
188 L | 2000 | 150 9 74




r—

Tast Report Suwber Nata “hevt Ho.
Ruwer level during TEmcyQ &
Referente Specifications \X Oate Started Vate Complioterd
RPI s34 & Ecom /ccAmcal Ga/Jclmﬂs 22 dun 720 |22 Jun 77
Test Mathag § Recuirecant Test Group Sampie Hursers

\Sm«\tg FO Connector

=24 3

e

- et

1T, CANNON ELECTRIC

Temp nwanﬁmsun Cata Unit
= 1 =] = | AR
Tost foyicans 33t Semery
Tvpe Numser Ca) Dats Oue Cate Cescription < x.l x ?/F
|
o Drive Qrive Outpu 4
Time WA\ T» (V) ¥p [nA)
/862 4 | .2¢00 /, 409 2/ -55¢ Yth Cule
/209 6 | 1997 L$0 9 ‘9
/(BoB . B | /994 /% 8 12
/1809 .0 | /1998 L2008 (s
L(ee 2.1 (28 L9269 /4 -
[(80%.4 | 1949 /. 904 13.5 ¥
JACY . L | 19 9% /. 904 /3 1
/808 B ) /999 LS5% 1%
{80 0 /91 [ 701 //
/860 2 | 2000 .90 1 10.5 | {
(820 . 4 | 2000 /. 909 0 |
180 bl 1999 /905 2.8 I
(80, R | 2009 /50 4 23
[BIl _© | .2000 )99 g/
[ . 3 . 200 ! /90 7 20
gy s | 2002 L8O 22
LB 2002 1,909 3.9
(BT S 2002 1929 g.2
/2130 | 2002 /909 A2
L/83.5 | 1003 L2/0 8.0
8 o | 2003 1. 2/0 8.0 |
/814, 0 200 A=) 7.1
1815 | 2009 1.4 10 2.8 l 1
1815.5 72004 1.2 10 %, 3 i
JB6.0 | . Zoo¥ £31(0 2.6 l |




fast Report Nuwber ta “hevt fy,
Power | evel duﬁ'\t\ TEMCYC 9
Reference Specifications A . Oate Started Date Lompioted
RPI 53y ¢ Ecom Technical Guidelites | 22 Jun 77 |22 Jun 77
YQst Method § Reguirerent Test Group Sample Numders

Sing {c FO Connec for

I

iz;jed ]
Terp
—.c

Humidity (Pressure

Yot Fauirmant

Jata Sumrmary

1ype

Numter

Cal Date

Oue Cate

~ Cescrigtion

<X <

Cata Unft
- | Noted
x

P/F

1T, CANION ELECTRIC

Drive Drive
Time o Te (W) Ve | P4
VY] 2008 | /. 910 2.5 -8§5°% 4th Cele
/8(8 2006 X2 %S
/809 . 2007 /.2 725
/820 _2c05 /.90 25
/182( 1599 1.508 %2
/822 Waaid /. 908 72
/825 /938 /.908 7.2
/830 19594 /. 909 Ll
/833 . /599 /.908 2.0
/B2 S.4 2.0 End -5 % |4tk Cycle
/834 2.0 (Coom |V Temo
2% .2 | 999 | L9032 4.8 S
| (8. 225 /904 6.9
r_mL ol /999 | L9009 {2
| /8% .8 | /91% 4909 .2
837 1 | /4%% 1.90% &5
/837 3| .19%% L4505 7.0
/1837 .51 /%% /308 % 2
/8357 . ¢ 2.5
(837.7 /2349 | 209 _8c¢ ]
1832.% | 1999 | 140% 8.1 Ead_Idom TempP |
| /33 2l /929 | 1405 G.0 | St | B8 | 4th Cuels
/838 4 LL. S
| /838 5 14 t
828, L LY |




Test Report Suwber MNata “hevt -'-'u.*-_
Power Level dum‘m\ TEMCYC 10

Reference Socclflutlons Oate Started Date Comploted

QI 53y 5 Ecom Technical Guidelines | 75" Jun 77 | 22 June 77
Test Method § Recuirecent Test Group Sample Nurders

$1an¢: Fo Connactor

-

0

M. CANHON ELECTRIC

T Humid{i%y |Pressure | Data Unit
e \J - | Woted
Test Eoujrmant Data Summary
Type Nuroer Cal Oate Oue Oate Cescripticn <x < H P/F
Orive DOrive Output
Time | Tr (Alve (¥) GA)
/818.7 1998 /.90% 24 gs°c YA ol
/838.8 L1998 | 1909 | 26 '
8319 O 1998 /309 7
I183%.2 1944 L.90% 20
/839 4 J10 1. 50¢ 32
(83%. § Mo [ %09 33
(839 6 g % /. $09 o3
/182¢. 8 1996 /. 908 33
/BY0. O 19 76 [ 908 . s
/840, % 29
/Bun Y 4295 | L.96 2 20
184p. § A F6 L 90 B ar
184, 7 1396 L 90 8 7.5
[8¥0. 4 146 | £, 90 8 /8.5
|/gy/ . o J198 1L Lte7 /6.
/84) . S (2000 [ 909 /4.0
I8¥) o Wi & /309 /S8
/54, 1948 (w3 A
B YY 1948 /. %o8 /S0
(84S /948 | L.gce /15 l
/850 2003 1. 2/0 /4.8
/855 . 2003 /.90 /4.9
1900 2008 /310 /51
/908 L2200 /. 509 /1S 2
1408.5 L2600 1509 /SL Erd gs°¢c YT Crle




Test

Report Nunber fNta “hevt fio,
Power Level cfufmo\ Temcye (/
Reference Soenﬂut\ons Date Started Late Comploted
RPT &34 f ECom Tec/mia:/ 60/'45“45 22 Jun 77 22 Jun 77
Test Methaa § Requirerent Test r.mup Sample Nurbers
ey 5'ﬂﬁ 'g‘ =~ Q‘zmec*d/
ested By \4 M—.
Te:.c H.ugity ressure /{7«1; J
Test Fayjpment - Jata Summary
Type Number Cal Cate Oue Date _cescription RIS x (243
Orive Orive Ou‘fpu‘/'
Lime Ir __(A) | ve (V) an)
1909.8 | .2000 L9509 JT2 Room__|( start )
9. Y | 2000 |\ L90% /8.5
| L¥e. 0 1 2060 /909 /S.§
/909 .8 L2000 L9091 /5.9
| /90 o | 1995 | 1909 14.0
{90 .2 D i /.90 & /6.0
/1910 . 4 W i e /. 904 /6.2 :
(6.6 | 1998 | 4909 /6 Eod  Rdom Temp
1900 .8 A ]
(9. © 17, | Start  |-ST°C | 5 Chle
R 39
/A i [ 208 34
g A6l 1528 (20 8 34
E /31 . B 199 g L.90 8 k{7
bded - /9T O Waad-} 190 % 3¢
o rare. 21 7998 | L9 s 2y
= | 4| 08 ! swe 2 '
E ‘. Jear S| /998 /.90 A &
. J92. 2\ 1997 | [ 32
> v, v 922 | s90m 3a I
C = | ez ol yeen | r908 23 | , f
= 1.5 999 | /908 | 25 | | !
/913 ¢+ S (996 | 1.9 8 23 | ! |
1913 . 7 /226 | rn908 20 i |
4% .8 L2 1,408 17 | |




ELECTRIC

v CANNON

Test Report Nuwter MNata “hevt Ko,
e Lol dur;nc\ TEMCYL 1E
Reference Soe:muuans Oate Started Date Lonpleted
RPI S3Y¢ f £Com ch./m;“/ é'uzclglmes 22 Jun 77 |22 Jun 77
Test Method & Regquirecant Test Group Sample Numders
Slm‘!g A~ C'a/mec.'{‘d*
Tested Sy@% S ! Zf
T Hmldlt Pressure |Cata Unjt
T aded
Jast Eau Jata Sumrmary
Type Number Cal Date Oue Date description <X < H i 2/IF
Drive. Orive Oul‘pn
Time |Zr  (A)|Vve (v (»A)
1914 | _.5925 | 4907 ST -55°%¢ | S Cele |
19/4. 3 J9% 5 L3a 7 3.5
(90 < | 2603 /.20 /3
(4. 8 | 2002 [, 210 12
L/q9/5 .0 20072 /, 909 {f
/918 . 3 | . 2000 L3S /0
/98 s | 2000 /904 2
/916, O ,149% /[, 909 2.9
L /9/6. € J£559 l.90% 20
1912, © 1949 /. 0% S
/97 .S | 200 1.90% b
_/3/8. O . 200! l.jo4q dude.
(914, & 2003 [ §lo 7.0
1910 . 2008 1210 {9
Xzl 204 1.9(0 43
/1922 2004 L4910 6.5
113 , 2004 1900 6-5
. a3 L2006 18414 6.8
{238 .200¢ 1-G11 [
/9 30 . 2605 /. %10 = e l
/437 202 | /e 4.0 |
/9 4o 2003 | 190 40 |
/9 4.7 I £Erd -SS¢ ¥k
/94/. S 55 Roem  (stert ) | ;
_J34.7 $- ¢

. . ; ; ‘, —— _‘-iivlll - ‘
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Test

Pouaef Leve./ c!t.er,‘nr»\~ TEMCYL

Reyort Nuaber

Nt “hevt to.

/3

Reference Specifications

RPI &3¢ §

Ecom nc‘nlcal Gui lJe// g4

Qate Started

22 Jun 77

Cate Lomploted

22 Jun 77

Test Method § Regquirer=nt

Test Group

Sample Nutters

”‘i!.‘, 0 Cﬂﬂf\c:‘{y‘

P

v CANNON ELECTRIC

(" ‘b ure 4 1]
TT'C H‘Mity m-s Dmot e&
e Type | Number s ;al‘ﬂaut Oue Cate cescription a2 S;:‘? x PIF
Drive Qrive Ou‘flxn"

Time . (A) | Ve (V) nA

/94! .9 | .2002 [.9/0 S.0
1547 © | 2002 .9 /0 s.0

/942.2 | 2002 L9 70 5.0

/992. 5 | 2003 /.9t 53

/942.7 | 2003 4410 5.5

/992, 8 | 200 /910 6.0
/143, 0 ‘2003 /.910 £.0

1993, 2 | 2004 /.90 6.5

1548 . 4 . 2004 / 416 2.0

1942, 6 L2004 19 /0 y R Ead b Temp

/943. 8 ; g Start 85°c 1s¥ cele
19344.0 .200Y 1.g'6 /3 |-

1994, L 23
(994 . 2 27

/944, > | 2004 /.8 16 29

)94y Y 25

/949 . & Q004 AR 0

/1999 _(, L ORY 130 ol

1994 71 . woy L2 34

)q4Y. 8 . Joou /910 3%

1945 O 2003 ) q 10 14

1348 ¥l ocen 1370 24

(945 .4 . 2003 /g0 S5

1996 . G| 2003 L9 o 35

194, . 2003 /. q10 33

PRV
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Test Repurt Nustser Mata Shevt Ho.
‘ Power Leve] during\ TEMCYL Y
Reference Specifications Date Started Date Lomploted
: RPT s3y £ ECom Technreal Guidelines | 22 Jua 77 22 Jun 77
Test Method & Requirement Test Group Sample Numders
—_— Siq.‘;l/g FO. Com\m{u
Tested 8 ~ j
B A A
Tesp | Humtdity[Pressure |Cata Unit
< 3 A/afai
Test fouipment ; Jata Summary
Type Bupoer Cal Oate Oue Date Uescription Sx 2 H /F
Orlve Orive Ou‘(-qu‘
Time T (A) [ (V) nh :
(240 | . 200] | (%10 20 85°c S Cyele
/9494, 2 ; L9 /0 45
J9%.5 1 200 / /,9 10 /8
/946 .4 | . 200 | {90 /7.5
/¢ S| 2001 1.9 Io 1?7
19 @6 | 200/ L9 10 17
/996, 7 | 2002 1. ¢/0 T
/946 8 | 2002 1.9 /0 /17
/946, 9 2003 [.9/0 6.8
/9497 G .200% 1,9 76 /4. 7
e | 4997 .2 | 3003 1970 /4. <
’ /947, 8 . 2003 A 22 142
Iz
g f [948. 0 JQce2 | e/ /4
(i Waii X < . 2003 L3/ /5.8
] ‘\u544.0 L2004 LeU /&S
e WAL N 2008 Lan '8 s
% i WAKY) 2008 Lgn W T 8
= 1 /58! £ 2002 1.4 /S.0
— /952 2006 | 1909 /S.0
& L35 eo | [ 902 /S0 FE
E L LA R X-) 309 4.8
1558 S 200/ [ 308 148
| 2000 . 3c06 /.90 1§.§
2007 z2009 | ).§t0 88
2000 2006 1,410 /5.5




! Test Repurt Nuser Nota Shevt No.
Power Loue/ du/‘:‘m\o\ TEMeYy L . IS
i Reference Specifications Cate Started . Date Ciumploted

| RPL 534 § scom Technical Cuidalne| 22dun 77 |22 dun 77

I Test Metnad & Requirement Test Group Semple NurOers

| — Sinile 10 Lounectsr

Tested ap
L)

Tewp Humidi}¥ [Pressure | Cata Unit
< - o c{
~— — e
%

Type er @ Oue Date Description ata S“‘Zﬂ:": B/F
1 Drive Drive Ou‘fpu‘l‘
Time  1T¢  (A)|Ve (V) (aA) :
/814, O 2008 /. 9 10 /8.8 £n 85°C 5 Cyele
/814, | 2008 [. %10 /6 [Poom | Temp
(gis.0 | . 2006 2.1/ ViA ;
815, § . 2006 LY JL.2
| sg .0 | .200¢ XY )
806 5 g 553 e
/8/2. 5 | 2006 X2 20
/217, 8 2006 L3 P s
| /8/8.0 L2066 L9 | 249
818.3 2006 | /947 29
—_ 5| 2006 LGt 3
}.‘__'é___'_ZQOI L 1 33 1
( kil 22007 | L4u 33 |
o 8 | w09 L914 3y
wd | /814 O 20? |ty 3Y !
Wd ) /209, S 1 2007 X%/ 3% |
= | 2.8 | 007 L2t/ 3¢ |
— T 2006 | au 3¢ !
- o705 | 2007 | i24 3¢ |
£ /9210 2003 1970 3¢ f
E , (222 2003 La/o 26
1923 22003 WA L) 36




/nonitor cirgu;‘f Pof- pou)e/- Leug/

fest Report Nader Nata ‘et tu,
Power Lgvg/ durin:\ TEMCYC /6
Reference Specifications Date Started Date Liwpletrd
RRI S§3Y 7/ &om Technical Guidelines |22 Jun 77 |2g Jun 77
Test Method § Recuirement Test Group Sample Numders

e CANNDI ELECTR

v

ZL
NN
our
| § EG6 HmmeJEcr
PY 1c0
703
|

o Sine le FO Connector
Measurement & Tested 'p TA a‘ Q
Tewo | Humidi¥y|Pressure |Cata Uaft
< 3 :
Tesg £ 4 Jata Summary
Type er Cal Oate Sn ‘Du;7 Description "X < H PIF
Power Supol 952} 30 Mar 77 | 1 da :
Voltme'fcf‘nor S2/ | 25 May 77 q Sep 77
Resistor Standad] y70 | 2¢ Apr 77 | 28 Apr 78
RAmmeter 703 | 12 My 77 | 2% Au3 7
Volt meter g7 | /3 May 77 | 2¢ Hus 77
_ [Ll
; A
i ’__l
| l 1AV
Power Voltmeter Voltmeter FIRE
Sy Ip Vp !Q:: .
98, 270 g2/




