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i ABSTRACT

This report documents Pkases III and IV of the development of a
research model of a submersible winch for high density storage of a
b, faired towline. Phase III encomrassed the testing of a sectionally
faired cable on the winch and the installation and test of a sub-

" mersible electric drive motor. These tests demonstrated the func-
tional feasibility of the winch. Phase IV included the preliminary
design studies required to select a preferred approach for the equip-
ment required for buoy launching, retrieval and towline streaming,
and the detail design of this approach.
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SUMMARY

This report documents the continuing development of a special
winch for a submarine communications system. The requirement for
this winch was established in a prior study which identified a need
for towline fairing in order to satisfy the desired performance
specifications. Handling the requisite length of faired towline in
the space available meant that a compact, submersible, multiple-
layer, concentric-drum winch was necessary. The first two phases
of the development of a research riodel of this winch encompassed
the determination of the technological feasibility of tue concept
through a preliminary design study and critical components investi-
gation, and included detail design, fabrication, assembly, and
checkout of the winch. This report documents Phase III and IV of
this development.

Phase III encompassed the testing of a sectionally faired cable
on the winch, arnd the installation and test of a submersible elec-
tric drive motor. These tests demonstrated the functional feasi-
bility of the winch. Phase IV included the preliminary design
studies required to select a preferred approach for the equipment
required for buoy launching, retrieval and towline streaming, and
the detail design of this approach.

To determine the ability of the SCAT winch to haindle a faired
cable, a land-based test was conducted. This test demonstrated the
adequacy of the guidance techniques =mployed once the faired cable
was properly oriented in its grooving. Difficulty was experienced
in aligning the fairing about the cable during transit through
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intermediate drums and the slot in the outer housing. The inc.r-
poration of a pivoted guide extending through the slot and riding
on the fairing and configured to confine the trailing edge of the
fairing appears to be the most plausible solution to this problem.
The towline installation technique was also satisfactorily demon-
strated during this test.

Based upon the prior testing, a submersible electric motor and
controller was procured, installed, and functionally tested with the
winch., Disassembly of the winch during the installation allowed the
internal components to be inspected. Inspection revealed no wear
or damages of suspect components from prior testing. Both a sub-
merged and an in air test of the motor were conducted to determine
if overheating could be a problem. Tests indicated that coolant
should be used if the motor is run at high ambient air temperature
for more than one inhaul or payout. The winch and motor functioned
satisfactorily as a combination under no load operation.

The winch had always been perceived as the critical component
in developing the improved submarine towed communicatien system for
the USS POGY (SSN-647). Once its development had proceeded to the
point where the winch's feasibility had been demonstrated through
hardware testing, the ancillary equipment portion of the system
development was initiated. Several concepts for launching, retriev-
ing the buoy, and towline streaming were investigated. The most
promising concept was selected and a contract was awarded to exe-
cute a detail design. Due to the nature of the submarine communi-
cation mission, an alternate winch design encompassing the SCAT
drive was also awarded to the same contractor undertaking the design
of the ancillary equipment. Both winches are compatible with the
ancillary equipment and the POGY cavity.




In order to provide an entire system, the ancillary equipment
must be manufactured in addition to a special pancake type slip
ring, a fairing guide for entry to the SCAT winch, and a tension
measuring device for the SCAT winch. The integration of the new
components into the BIAS control system must also be undertaken.
Once this equipment is assembled, complete system testing must ba
conducted on land and at sea.
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SECTION 1
INTRODUCTION

The demand for operational communications buoy systems at the
higher speeds and/or greater depths posed by newer submarine designs
exceeds the capacity of present buoy systems in the fleet. In order
to obtain 2 ‘equate communication depths at higher speeds, the hydro-
dynamic drag on the towline must be limited by means of cable fair-
ing. The addition of fairing to the towline requires that a
mechanism for handling and storing the faired tewline must be in-
corporated into the system.

In order to provide the SSN 594 and 637 Class submarines with
a towed communication system that would meet the desired performance
levels, two major constraints must be faced. First, the space lim-
itations of the available cavity require a very compact buoy and
handling system. This severely limits the design alternatives open
to the system engineer. Second, the combination of high towing
speed with depth requires a cable fairing tc control the drag frrces.
These constraints act in opposition; the cable fairing requires a
more bulky handling system than is needed by the ribblon-type material
presently used.

A*research model of a submersible multi-layer, conc.ntric drum
winch] was developed to attain the desired compactness while prctect-
ing the fairing from the stresses of storage on a winch drum.

* References are listed on Page 6-1.
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At the request of the Naval Ship Research and Development Center
(NSRDC), Towed Systems Branch, Hydrospace-Challenger, Inc. (HCI) has
3 continued the development of the winch and the remaining elements of
. the handling system. This report contains an account of the subse-

E g { quent developments of cthe towed communication system.

X A At B e
Lo

»
oy 7 3 o

P

1-2




-
3
3

b

SECTION I1I
FAIRING TEST

To determine the ability of the SCAT winch to handle a faired
cable, a land-based test was conducted to demonstrate the adequacy
of the guidance techniques employed, i.e., drum grooving and drum
ramps for transfer of cable to the next drum. Towline installation
techniques would also be evaluated during this test,.

2.1 EQUIPMENT.

The winch was installed on the Western Gear 50-foot test tower
and hydraulic driver. To accommodate the faired cable, the lead
sheave and its mounting arrangement previously employed for the bare
cable test had to be replaced. A deep grooved sheave assembly
(20" diameter), used in prior tests, was installed on the winch
mounting base as shown in Figure 2-1. This allows under winding cf
the sheave and eliminates the need for special fairing orientaticns
in the test set up. This necessitated that the cakie be at an angle
to the tower thereby applying a siade 1c24. CTue to tower load re-
strictions, only light loads could be applied in this manner.

A 0.35" diameter double armored cable was partially faired with
a NSRDC designed sectional fairin92 (Figure 2-2). The fairing con-
figuration is as follows:

Cord length 2.406 inches
Thickness 0.488 inches
Section length 2.00 inches
Nose radius (to fit drum
contour) 10.00 inches
2-1
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f Ii The fairing's nose and tail pieces wevre fabricated from 0.032 inch
thizck stainless steel and lexan respectively.

2.2 PROCCDURE.

j_ The test towline was instalied on the SCAT winch and the test ;

3 ’ tower with 400 pound load appliad to tkhe towline. The fairing was .
3 E' positioned a'ong the cabie so that it wrapped a few turns prior to g
and after the transfer ramp between drums 1 and 2. The fairing was 2;

then secured to the cable via swaged rings and inhauled through the

. slot in the outer housing at mipimum speed (5 to 10 ft/min). Just
prior to the entire 50 foot section being inhauled, the winch was

& stopped and reversed paying out the previously inhauled fairing.

_ Figure 2-3 shows the fairing coming off the sheave and entering the

3 winch. This process was repeated and the fairing observed fov ori-

| entation and damage. Reference 3 movie was made during this test. §

e

The fairing was repositicned by cutting the swaged rings and
s1liding it along the cable so that the ramps between drums 2 and 3
could be evaluated similarly to the ramps between drums 1 and 2.

Ty
O T S A VP T rW CIRN TY Y

Cebua o S0

2.3 DISCUSSION.
As a result of the test, it was concluded that a sectional ]
fairing properly configured could be handled by the SCAT winch pro- ;
vided proper fairing angular position about the cable is muintained.
The fairing is intended to wind with its leading edge i a groove on
the outer surface of each drum, and its trailing edce captured in the
level-wind threads in the inner surface of the next larger drum or
: the outer housing. The design had intended that, if the fairing en-
f . tered the si1¢t in the outer housing, such capture was assured. This
was not #ttained during tha test due to the lack of control of the

BT
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Winch

With Fairing Entering
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trailing edge between the slot in the outer housing and its contact
with the drum. This can be attributed to the following:

First, the level-winding thread in the outer housing was
improperly manufactured. The threads had been correct in
terms of the level-wind function, but metal that was es-
sential to the fairing-guide had been removed. This has

- been corrected by installation of a guiding groove so
that the existing housing can be salvaged.

Second, gravitation force causes the fairing to tend to
go to one side of the slot in the outer housing and the
drums due to the 10° winch inclination. This, coupled
with the helix angle of the level wind threads, allows
the trailing edge to enter its adjacent thread.

Adding the guide on the outer shell will not preclude the fair-
ing entering the thread groove adjacent to the proper groove. How-
ever, the incorporation of a pivoted guide extending through the
slot and riding on the fairing and configured to confine the trail-
ing edge of the fairing appears to be the most plausible solution to
this problem.

Installation of the test cable on the winch was not possible due
to insufficient clearance between drum 1 cable chute and the inner
drum shaft edge rail to allow the electrical connector to pass, and
the hand hole in the inner drum being overlooked during manufacturing.
By removal of the electrical connector from the end of the electrical
core and removal of the center drive tube, the core was installed and
secured on the planetary gear reducer end of the winch (Figures 2-4
and 2-5). Little difficulty was experienced connecting the strain
termination to the drum receptacle once the core had been installed.
No wear or snagging of the core as it slid back and forth between

2-6
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Figure 2-4.

Figure 2-5.

Cable Core Feed Through Main Shaft

Winch On Test Stand with Cable
Core Secured
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drum 1 and the inner drum shaft was encountered. Relocating the

chute and installing the hand hole has been accomplished by the
supplier.

_ i No wear or damage to the fairing was detected during any part
E of the test.
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SECTION III
ELECTRIC MOTOR

The winch had been procured less its electric motor since
there had existed some doubt as to horsepower and number of speeds
required to meet its load and latching requirements. Testing] ver-
ified the adequacy of the original selected two-speed (900,

1800 rpm) 40/20 horsepower, 400V, 3-phase, 60 Hz submersible elec-
tric motor. Therefore, a contract was awarded to Western Gear
Corporation to procure, install, and functionally test the winch
and motor combination. A suitable controller was also procured

for the motor under the same contract.

In order to make the necessary modifications to install the
motor and correct the discrepancies uncovered during the fairing
tests, the entire winch was disassembled. This afforded an ex-
cellent opportunity tc inspect the unit for wear. Inspection re-
vealed that one of the ball bearings in the planetary reducer was
noisy. It was concluded that this bearing must have been defec-
tive upon receipt and not rejected during incoming inspection.
This bearing was replaced with a new bearing. Examination of the
UHMW polyethylene thread on the drum flanges revealed no wear or
yielding. This had always been an area of concern. Figures 3-1
through 3-8 show the various subassemblies and parts of the winch
during disassembly.

3.1 TEMPERATURE TESTING.

There had always been cencern about the motor's ability to
operate under load witheut overheatirg, due to its enclosed mount-
ing. To determine the motor's ability, a test4 was sonducted under

R PR
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- Figure 3-1. Main Shaft With Inner Drum Installed
f On Recirculating Ball Bearing
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Figure 3-2. Cable Termination Ramp, Inner Drum
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Figure 3-3. Drum Thread and Cable Slot

Figure 3-4,

Py

Latch Installed on Drum Flange
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Figure 3-5. Drum Latch Disassembled
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Figure 3-6. Planetary Ring Gear
(Primary Pinion Central)
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i Figure 3-8. First Reduction Gearing (Brake Pinion

Shaft Protruding, Motor Pinion Opposite)
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simulated operating conditions at its manufacturer's plant. The
motor was enclosed in a 20 inch diameter X 38 inch long tube with
one end closed, submerged in water and connected to a 100 Hp dyna-

. mometer. Care was taken to minimize flow past the motor. The motor

was instrumentated to measure voltage, current, and temperature. A
complete inhaul and payout cycle at full line tension (5600 1bs) was
simulated as foliows:

30 HP at 1800 RPM for 2.0 Minutes
13 HP at 900 RPM for 0.5 Minutes
35 HP at 1800 RPM for 2.0 Minutes
15 HP at 900 RPM for 0.5 Minutes
40 HP at 1800 RPM for 2.0 Minutes
17 HP at 900 RPM for 0.5 Minutes
10 HP at 1800 RPM for 6.5 Minutes
4 HP at 900 RPM for 1.5 Minutes

As a result of this test, the motor can adequately perform in
40°C (104°F) stagnant water which exceeds the requirements of its
specification.

A second area of concern was the ability of the motor to op-
erate in air under light 1oad. This condition would be experienced
during the installation and removal of the towline. A second test4
was run with a set up similar to the first except without water for
a coolant. The motor was loaded to six horsepower and run continu-
ously at half speed (930 rpm). Temperature rise as a function of
time was determined. Cool down rate after stopping the motor was
also measured.

Based upon this test, the motor can be run in air under light

.load. However, in high ambient temperature (120°F) the duration

must be limited to approximately 13 minutcs, which is just suffi-
cient to load the 1000 foot towline at low speed. At lower ambient
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temperatures proportionately (100°F, 19 minutes) larger times are
allowable. It should be noted that heating the motor up to maximum
(175°F) temperature reduces its life since this causes the insula-
tion on its winding to breakdown. Once the motor is heated up,
cooldown could take as long as 6 hours in a 65°F ambient tempera-
ture. If time is not allowable, external cooling, i.e., fire hose,
must be supplied to prevent damage to the motor.

3.2 FUNCTIONAL TESTING.

Upon completion of the motor test at its manufacturer, it was
installed in the winch which had been previously modified. To as-
sure proper functioning of the combination, a no load air test was
conducted at the winch's manufacturer. During this test, the unit
was run through a complete inhaul and payout cycle while monitoring
the motor's temperature. The unit functioned satisfactorily during
this test, but care had to be taken at all time to prevent over-
heating. Figure 3-9 shows the motor installation. Appendix A con-
tains the revised winch assembly and inner shaft subassembly drawings
and parts list.
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Figure 3-9.

Winch With Electric Motor Installed
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SECTIOR IV
ANCILLARY EQUIPMENT

The winch had always been perceived as the critical ccmponent
in developing the improved submarine towed communication system.
Once its development had proceeded to the point where tne winch's
feasibility had been demonstrated through hardware testing, the
remaining portion of the system development was initiated.

4.1 PRELIMINARY DESIGN STUDIES.

Certain ancillary equipment is required for the towed buoy
launching, retrieval, and towline streaming. Originally the BIAS
system aboard the USS POGY (SSN-647) was to be modified to accept
a faired cable. This required a special towing sheave, a fairing
guide, and a nest. Figure 4-1 shows the preliminary design for the
BIAS system ancillary equipment. This design required that the
doors be lengthened, the port cleat and 1ife rails be repositioned,
and the davit foundation be modified.

Due to difficulties experienced in aligning the buoy 1ift
mechanism rails aboard the POGY, Mare Island Navy Shipyard con-
ceived a palletized approach to the ancillary equipment. This con-
cept incorporated the door, nest, and 1ift mechanism into one unit.
This concept was facilitated by the approval of a special flexible
hose for submarine use. It was decided that this concept should
be investigated for the SCAT winch ancillary equipment, since it
would greatly reduce installation problems.

4-1
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A second design study for the SCAT winch ancillary equipment
based upon the new guidelines was conducted and Figure 4-2 shows
the results. This approach also required the same submarine mod-
ifications as the first design.

Throughout the development of these two concepts, the accom-
‘modation of slack towline when the nest is lowered was to be ac-
commodated by winch reeling. Further investigations into this
aspéct revealed that controlling the motor would be very difficult
due to its inertia. This would require a brake that would allow
almost no coast after actuatioa. This could be difficult to main-
tain over a given time period due to wear.

In order to obtain new insight and improvements of the SCAT
palletized concept, a contract was awarded to Fathom Oceanology
Limited, an experienced company in the design and manufacture of
faired cable handling system.. To provide Fathom with information
as to the space available for the equipment, Figure 4-3 was de-
veloped. References 5 and 6 were produced as a result of this
contract., Figure 4-4 shows the Fathom developed concept. The
mechanism for raising and lowering the nest is a simple scissor
action driven by a pair of hydraulic cylinders. To accommodate
the slack cable during raising and lowering the nest, the towing
sheave is supported on a linkage. Figures 4-5, 4-6, and 4-7 show
the action of this linkage. ‘

The tow "sheave" (roller quadrant) is supported on the free-
end of a boom which is pivoted at the lower base of the 1ift mech-
anism. The boom is also counterbalanced such that the down force
of the boom-head on the tow cable is limited tv 200 1bs. A re-
strainer linkage suitably arranged and connecting the boom-head to
the base will 1limit the maximum height that the boom-head can at-
tain above the base frame regardless of the position of the nest.

4-3
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Figure 4-2. Proposed SCAT Winch end Pellst Assembly
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