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Abstract

The ocean is a dynamic and complex system. Understanding it through observation is
critical to predicting and adapting to it. This thesis details a new approach to making
vertical profiles at a fixed geographic location. It describes the design of a novel
autonomous moored underwater profiler to characterize the water column of the
continental shelf. The theory supporting the design is detailed, and the results of
laboratory and field tests are presented. The rationale for the system, sub-system, and
component design and selection is supported through calculations, and/or validated
through bench testing. The resulting prototype is a hybrid of a wire follower type profiler.
The profiler is attached to a subsea mooring and it is capable of profiling the entire water
column. Using a buoyancy engine and compound pulley system, the unique propulsion
system only requires power for the ascent. Performance analysis of the prototype during

open water field trials indicated a high potential for the profiler to operate as intended.
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1 Introduction

The ocean is a dynamic and complex system, physically, chemically, and biologically.
Each of these characteristics are interconnected and influence one another. Ocean
observation is critical to understanding these characteristics and interactions. To ensure
safe and effective maritime operations, nations provide marine service weather
forecasts and warnings which rely on vital data from ocean observations. The data
from observations is also crucial for addressing scientific ocean and climate research.
The data is used to validate, calibrate, and refine models which then may be used to
make informed decisions and policies (National Academies of Sciences, Engineering,
and Medicine, 2017). The ability to collect the required accurate and precise data with
sufficient temporal and spatial resolution depends on the availability of appropriate
technologies to make observations (Siedler, Griffies, Gould, & Church, 2013).
Expanding the suite of instruments to measure more properties over a larger scale
range, and deploying more instruments in networks to cover larger areas over longer

times are also needed to improve observations (Davis, et al., 2019).

In the case of heat and carbon dioxide (CO>) transportation, understanding the vertical
stratification of the water column in critical. Heat and CO; are absorbed at the surface
where it is then transported throughout the ocean depths along complex pathways
(National Academies of Sciences, Engineering, and Medicine, 2017). The vertical
structure of the upper ocean is primarily defined by the temperature and salinity which

control the water column’s density structure (Sprintall & Cronin, 2008). At the surface



exchange can occur rapidly in hours or days. However, as the water column stratifies
with depth and time such as the seasonal and permanent pycnocline, significant water
exchange and transportation of heat and CO2 occurs over months, years and decades

(National Academies of Sciences, Engineering, and Medicine, 2017).

Ocean change can influence species distribution in the ocean, human settlements,
human activity such as fisheries, and have a profound economic influence on people
around the world. Concerning North Atlantic cod, water temperature influences growth
rates, reproduction, abundance, distribution, and migration (Drinkwater, 2005). The
cod fishery is an important component of the Newfoundland and Labrador economy.
As another example, oscillations in the equatorial Pacific referred to as the EI Nifio
Southern Oscillation can influence weather patterns around the world. This affects
ecosystems, agriculture, freshwater supplies, hurricanes and other severe weather

events worldwide (Collins, et al., 2010).

The ocean is vast and remote; its environment is harsh. Equipment is exposed to a
corrosive liquid environment, extreme pressures, and the hostility of mother nature.
Observation of the ocean progressed as a result of advancements in technical capability
and prioritization of understanding the ocean (National Academies of Sciences,
Engineering, and Medicine, 2017). Technical development accelerated in the 1960s
and early 1970s lead to observational methods that are now regard as routine and
greatly enhanced by improvements in navigation. Some of the major drivers of these

advancements in equipment and sensor technologies are solid state electronics,



minimizing computer power, battery chemistry, material science, and satellite
communication (Siedler, Griffies, Gould, & Church, 2013). Current profiling is one of
many great example of ocean observation progression. Subsurface current
measurements evolved from single point mechanical based instruments such as the
Aanderaa RCM 5 which employed a Savonius rotor-and-vane; to the much more
capable and sophisticated Acoustic Current Doppler Profilers (ACDP) which transmit
and receives acoustic signals to measure the current at different depths simultaneously
(Joseph, 2013). Early work done on single point mooring designs by Berteaux which
tend to experienced fatigue failure in rough sea conditions have been further developed
by engineers such as Mark Grosenbaugh. Dynamic analysis of single point moorings
has shown that the large oscillatory tensions cause fatigue which is primarily due to the
mass and dampening of the components attached to the mooring. An increase in fatigue
resistance which would allow for longer deployments can be achieved through the
development and use of smaller and lighter sensors and components (Grosenbaugh,

1995).

People have been observing the ocean for centuries. It is a challenging, dangerous, and
expensive endeavor. Often information is required at many different depths, thus we
need to profile it in time and space (longitude, latitude, and depth) to develop a
thorough understanding. A sustained in situ global ocean observing system is required.
The dominant in situ elements of ocean observing systems include profiling floats,
ocean gliders, global drifters, and moorings (National Academies of Sciences,
Engineering, and Medicine, 2017). These systems have continued to evolve and grow

3



to augment the more traditional ship-based observations. A continual effort must be
made to find new solutions, and to further enhance current solutions. In particular, the
challenge of developing a profiling instrument on a mooring at a fixed location is one

such effort to contribute to a global ocean observing network.



2 Overview of Autonomous Profilers

Satellite remote sensing yields high resolution spatial coverage of ocean surface features
such as wave height and surface temperature. However, it lacks the ability to observe the
subsurface environment. Autonomous profiling platforms have been developed to provide
high temporal and vertical resolution data of the water column for the open ocean and
continental shelf. These platforms vary in functionality and ability. They can be deployed

as either Lagrangian (drifting) or Eulerian (fixed) profilers.

2.1 Lagrangian Profilers

Lagrangian profilers are not bound to a specific geographic location. These profilers
move about passively, driven by the ocean currents. As a result, they do not provide data
at a fixed location. This provides good spatial resolution but limits the temporal resolution
for a location. Two common types of Lagrangian profilers are Argo floats and surface
drifters (Thorpe, 2009). Active profilers such as ocean gliders move about under their

OWn power.

2.1.1 Argo Floats

The Argo float shown Figure 1 is a true Lagrangian profiler, its ever-changing location is
determined by the ocean current. The typical ten day profile cycle is shown in Figure 2.
The float begins its profile at a depth of 2,000 m and during the six hour ascent to the
surface it measures and records the water salinity, temperature and depth. Once at the

surface it transmits its position and the recorded data via a satellite connection. When the

5



transmission is complete the float descends to a depth of 1,000 m to avoid strong surface
currents and wave action. It holds its depth at 1,000 m for approximately nine days before
descending to 2,000 m and starting another cycle (Argo, 2018). To control the profiles, oil
is transferred between an internal reservoir and an external bladder to regulate the
buoyancy. Moving oil into the bladder causes it to rise, and subsequently moving it back
into the reservoir causes it to sink. These battery powered floats can operate in the ocean
for up to five years. The Argo network achieves high spatial resolution through the shear
number of deployments. Figure 3 shows that as of May 21, 2018, there were 3833 of

these floats distributed across the oceans (Argo, 2018).

| ST / / /

6 -12 hours at surface

L to transmit data to satellite oralEycl finie-i0 days

[
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'
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1 Salinity & Temperature
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[
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2000 db (2000m)

Figure 1 Argo float (Argo, 2018)  Figure 2 Argo float profile cycle (Argo, 2018)



- " .:-":‘R‘iog
eonl' 3833 Fl0ats . 1. - Sy
| o 21EMOY=2018 T, ol S A i N5 2 )
30N 12 e I iR tn ok TN
| [ 0] I g ot I e e |
» i ..3:. ALY P ..I'ﬁ\.“ca.‘.o » .."\:: < ....::....";{.;.}*-
< l l}.". e ."o . 1“.:.}'.:‘.:‘ K ?:.08 ﬁ:o.:h. ...‘ﬁ'&..-:‘- o . f& .;.:‘ o s l
Rl 2 PR S o i LSt B SRS A2 1
| R COECEM L TR R
W I"‘-. ~ 7 o i~ o .l."!‘ L2 .\0. o‘.: 'b" .
“ o -, ., \i Q . o 0 *
05 G o TRy ogRiin,
e o, T Asen M, K0 VST L oyt
o T et e e Ay R A
60's Pt RN R RS Y T LS e s T
L p— — — — — — — — re— — — vo— — r— — — — I
60°E 120°E 180° 120'W 60'W 0°

Figure 3 Argo float global distribution for May 2018 (Argo, 2018)

2.1.2 Gliders

Gliders like the Slocum G2 shown in Figure 4 control their profiling locations based on a
predetermined mission plan (Gliders, 2018). Like the Argo floats they collect
conductivity, temperature, and depth data. Gliders can also be used to collect other
physical, chemical, and biological data by equipping them with the appropriate sensors.
Gliders control their profile by transferring fluid into and out of an external bladder to
regulate their buoyancy. Actively adjusting the glider’s center of gravity causes it to tilt
up or down. Fixed wings generate forward motion when the nose is tilted down during the
descent, and tilted up during the ascent. The result is a sawtooth motion as indicated in
Figure 5 (Gliders, 2018). Periodically the glider will surface at which time it uses Global
Positioning System (GPS) and an Attitude and Heading Reference System (AHRS) to

determine its location and adjust its trajectory if necessary. The trajectory is controlled by



adjusting a rudder. These battery powered vehicles have mission durations of a few

weeks, to many months, or up to a year depending upon the types of power supply used.

Figure 4 Slocum G2 Glider Figure 5 Glider sawtooth profile (Gliders, 2018)
(Teledyne Webb Research,
2018)

2.2 Eulerian Measurements: Moored Profilers

A moored profiler is bound to a specific geographic location. They provide high temporal
and vertical resolution for a specific location. Profiling the water column at a fixed
geographic location over time can capture high frequency, seasonal, or episodic ocean

processes (Carlson, Ostrovskii, Kebkal, & Gildor, 2013).

The static approach to sampling in the vertical consists of a series of sensors set at fixed
intervals on a mooring line. To obtain good vertical resolution, the sensors must be placed
close together. Adequately equipping a mooring over hundreds of meters quickly
becomes cost prohibitive. Autonomous mobile moored profilers have emerged to provide

high resolution temporal and vertical data by repeatedly moving through the water
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column at a fixed location. The key advantage of the autonomous profiler is that only one
sensor needs to be used to measure a variable. The two most common systems are those
with a sensor package that either follows a fixed cable or is attached to a moving cable;

wire followers and winched systems.

2.2.1 Winched Systems

Winched systems such as the Miniature Autonomous Moored Profiler (Benard, 2006) and
the Vertical Profiling System (InterOcean, 2013) shown in Figure 6, profile the water
column by using an electric motor to reel a cable on and off a drum. One of the
advantageous of the winched profilers is the ability to reach the surface. This provides a
complete profile of the water column and enables the capability to transmit data. To
reach the surface these systems require a large positive buoyancy to overcome near-
surface currents. As a result, they require substantial power when working against the
buoyancy (Carlson, Ostrovskii, Kebkal, & Gildor, 2013). These systems have also been
challenged by snarling of the cable drum which must be repeatedly spooled and

unspooled neatly to operate efficiently.

The Sea Cycler shown in Figure 7 is a unique winched type profiler that utilizes an
energy conservation mechanism to resolve the high energy consumption exhibited by
other winched profilers (Send, et al., 2013). The profiler consists of a communication
float, sensor float, and mechanism float. Drums on the mechanism float share a common
shaft and spool both the anchored mooring cable and the sensor float cable. The diameter

of the drum for the sensor float cable is larger than that of the mooring cable. The cables



are also spooled onto their respective drums in opposite directions. The opposite spooling
of the cables in conjunction with careful design consideration of the drum diameter ratios
and the net buoyancy of the floats results in a static balance of the system which requires
minimal torque to rotate the drums. When the drum shaft is rotated such that the mooring
cable spools onto the drum, the mechanism float will move deeper. At the same time the
sensor float cable will unspool and allow the sensor float to rise towards the surface.
Likewise, the opposite rotation will unspool the mooring cable and spool the sensor float
cable which moves the mechanism float upwards and the sensor float downwards. During
these profiling motions, sensors measure and record data that is transmitted via satellites

when the communications float reaches the surface.
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Figure 6 Vertical Profiling System Figure 7 SeaCycler overall design and
(InterOcean, 2013) deployed configuration (Send, et al., 2013)
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2.2.2 Wire Followers

Profilers that follow a fixed mooring line require the line to be vertical and taught. The
most prominent is the McLane profiler shown in Figure 8 (Morrison I11, Billings, &
Doherty, 2000). It uses a motorized traction wheel to move up and down the mooring
line. Itis designed to have neutral buoyancy at a specific depth, which significantly
minimizes the power required to drive it. The taught mooring line requirement means that
the buoy at the top of the mooring line must sit below the surface to minimize the harmful
effects of waves. This limits the profiling range to exclude the very significant region of

the water column near the surface. It also restricts the opportunity for telemetry.

In benign conditions, where the mooring buoy can be positioned on the surface, profilers
like the Seahorse (Figure 9) can be used. It uses a wave powered ratcheting system
requiring minimal power for locomotion (Fowler, Hamilton, Beanlands, & Furlong,
1997). The jacketed wire of the mooring line passes through a one-way clamp in the body
of the Seahorse. When engaged, the mechanics of the clamp only allow the wire to pass
through it in the upward vertical direction. Thus, when the surface buoy is lifted up by a
wave it pulls the cable through the clamp which positions the instrumented body of the
Seahorse at a lower point on the mooring cable. Continuous wave action causes the body
of the profiler to eventually move to the bottom of the mooring line. At this point the
clamp is disengaged and the profiler rises to the surface due to its net positive buoyancy.

It is during the smooth ascent that the oceanographic measurements are taken.
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Figure 8 McLane Moored Profiler
(McLane Moored Profiler, 2018)
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Figure 9 Seahorse profiler mooring and component details (Fowler,

Hamilton, Beanlands, & Furlong, 1997)
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3 Goals and Objectives of the Development

This thesis focuses on the development of a viable autonomous moored profiler to
characterize the oceans water column as an alternative to existing profiling systems. The

design, fabrication, and testing of the prototype is detailed in this document.

3.1 Operational Requirements

The profiler should provide long term high resolution oceanographic data of the water
column in near real-time, under the typical environmental conditions expected in areas
such as the Scotian Shelf. In order to do this, the profiler is designed to meet the

following nine operational requirements.

1. Operate to depths of 200 m

2. Operate in horizontal currents up to 1 m/s

3. Operate in waves heights up to 5 meters

4. Operate in temperatures ranging from -5°C to 30°C

5. Profile from the bottom of the water column to the surface
6. Profiles 5 times every 24 hours

7. Profile at a speed of 0.3 m/s £ 0.1 m/s

8. Communicate data while at the surface

9. Operate continuously for 365 days
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3.2  Water Column Characteristics

The profiler is designed to measure the following six water column properties. However,
the system is capable of adding or exchanging other sensors depending on the end users

need, deployment time, and available power supply.

=

Salinity

2. Temperature

3. Depth

4. Dissolved Oxygen
5. Current Velocity

6. Chlorophyll
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4 Profiler Design Concept

After a thorough literature review of the various ocean observation systems as described
in the previous section, the concept development process began. The aim was to design a
moored profiler that could breach the surface of the ocean while utilizing the protection of
a subsea mooring. Several design ideas were proposed and assessed before a final
concept, which is detailed in this document, was chosen to be developed and prototyped.
The moored profiler design is considered a hybrid between a wire follower and a
“drumless” winched system. A Computer Aided Design (CAD) model of the prototype is

detailed in Figure 10.

This design allows the sensor float to measure and record oceanographic data via a suite
of integrated sensors as the profiler moves upward though the water column from the
ocean floor to the surface. A buoyancy engine located in the main body is the means of
propulsion. The buoyancy engine changes the buoyancy of the main body of the profiler
by inflating and deflating an external bladder with an incompressible fluid from an
internal reservoir. Based on Archimedes principle, inflating the external bladder increases
the volume of water displaced by the system while maintain the same mass; this results in
the system becoming more positively buoyant (Munson, Young, & Okiishi, 1994). The
net buoyancy of the system is trimmed such that it is negatively buoyant (sinks) when the
bladder is deflated and positively buoyant (floats) when the bladder is inflated. While at
the surface the profiler can transmit and receives data to and from a remote site. Once the

communication is completed the profiler returns to the bottom of the mooring to
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hibernate. During the hibernation state energy is conserved where possible until the next
scheduled profile. While at the bottom the system is protected from human interference,
and the harsher environmental conditions at the surface such as waves. The
environmental conditions that promote biofouling also decrease with depth. (Durr &

Thomason, 2010).
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*Height of the subsea mooring is not to scale for illustration purposes

Figure 10 Profiler prototype CAD model
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The complete system is made up of five major components.
1. Sensor Float
2. Passive Float
3. Main Body
4. Electromechanical Cable

5. Subsea Mooring (subsea buoy, mooring line, and anchor)

The sensor float has a fixed positive buoyancy and houses the necessary sensors that are
required to measure the water column characteristics. It also contains a control system
that records and stores the data until it can be transmitted to shore via the attached

antennas and a satellite constellation.

The passive float also has a fixed positive buoyancy. Its main purpose is to keep the
sensor float retracted until the profiler is near the surface. Details of how this simple

component influences the movement of the sensor float is described later in greater detail

The main body has a variable negative buoyancy. It secures the power supply and the
buoyancy engine for the profiler. The variable buoyancy of the main body produced by
the buoyancy engine causes the complete profiler system to either ascend or descend in

the water column.

The electromechanical cable links the sensor float, passive float, and main body together.
One end of the electromechanical cable terminates at a connection on the sensor float

while the other end terminates at a connection on the main body. Following the

17



electromechanical cable from the bottom of the sensor float, it first passes through two
sheaves on the main body, then through a sheave within the passive float before ending at

bottom of the main body.

The subsea mooring cable constrains the passive float and main body to the geographic
location of the mooring. The cable passes through a guide tube located at the center of the
passive float and then through two eyelets at the end of the frame of main body. The
anchor connected at the bottom of the cable coupled with the subsea buoy connected at

the top produce a taught mooring line.

4.1 Mode of Ascent and Descent

Five significant points along the profiler’s ascent and descent though the water column
are illustrated in Figure 11. The system has two modes of dynamic behaviour during its
operation which are dependent on its position along the subsea mooring line, and the

buoyancy of the main body, passive float, and sensor float.

e The positive buoyancy of the passive float must be more than twice the positive
buoyancy of the sensor float.

e The maximum negative buoyancy of the main body must be greater than the sum
of the positive buoyancy of the passive and sensor floats.

¢ The minimum negative buoyancy of the main body must be less than three times

the positive buoyancy of the sensor float.
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The first dynamic mode of behaviour occurs during the majority of the profile when the
passive float is not in contact with the subsea buoy (Position A and B in Figure 11). The
second dynamic mode occurs when the passive float is in contact with the subsea buoy

(Positions C to E in Figure 11).

Surface

T [
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Subsea
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Mooring
Cable

200m

Passive

Float EM
Cable

Sensor
Float

Main
Body

Anchor

A —- B — C - D — E
*Height of the subsea mooring is not to scale for illustration purposes

Figure 11 Significant points during the profiler ascent and descent

4.1.1 Position A - Hibernation

In its hibernation position the profiler is located at the bottom of the subsea mooring. To
achieve this position, the buoyancy of the main body is adjusted to its maximum negative
buoyancy which is greater than the combined positive buoyancy of the passive and sensor

floats. Since the passive float has more than twice the buoyancy of the sensor float, it
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generates more tension on the electromechanical cable than the sensor float can exert.
Therefore, the sensor float will be retracted against the main body, and the passive float is
positioned at its maximum distance from the main body. The full retraction of the sensor

float is critical to ensure that it will not become entangled around the mooring cable.

4.1.2 Position B — Primary Ascent

To initiate an ascent, the negative buoyancy of the main body is adjusted to its minimum
negative buoyancy. This is less than the combined positive buoyancy of the passive float
and the sensor float, and less than three times the positive buoyancy of the sensor float;
thus the profiler rises. Again, since the passive float has more than twice the buoyancy of
the sensor float it generates more tension on the electromechanical cable than the sensor
float can exert. Therefore, the sensor float remains retracted against the main body, and
the passive float maintains its position at a maximum distance from the main body during

the primary ascent.

4.1.3 Position C- Contact with the Upper Stop

A hard stop located on the mooring line immediately below the subsea buoy prevents the
passive float from moving further up the mooring line. The mode in which the sensor
float continues to ascend towards the surface is initiated at this point. The passive float is

now static and acts as an anchored component of the system.

The arrangement of the sheaves on the main body of the profiler and the passive float

provides a 3:1 mechanical advantage. A simplified schematic of this compound pulley
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arrangement and it is corresponding free body diagrams for static conditions are shown in
Figure 12. The upper pulley represents the sheave connected to the passive float, and the
lower pulley represents the sheaves attached to the main body. The arrow end of the cable
in the leftmost schematic is the point where the sensor float would be attached. To
maintain static equilibrium, the tension in the cable (Te) must be one third of the negative
buoyancy of the main body (Bwmg). The positive buoyancy of the sensor float is greater
than one third of the negative buoyancy of the main body. Therefore, it can lift the main
body. The anchoring force (Fa) for the system requires twice the static equilibrium cable
tension. Again, since the buoyancy of the passive float is more than twice that of the

sensor float it is able to maintain its anchor function.

Fa
i i

Teg= §BMB

/O\ Te ,Te T
N I ﬁﬁﬁ

or, Vn,

K Fa=2Tg

| U
o 1

Bwms = buoyancy of the main body

Bwms

Tg = static equilibrium cable tension

Fa = passive float anchoring force

Figure 12 Profiler 3:1 compound pulley system and its free-body diagrams
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4.1.4 Position D — Secondary Ascent

During the secondary ascent, the sensor float is released from the main body. It moves
upwards towards the surface and away from the main body. The cable to be payed out is
stored between the pulleys on the passive float and the main body. While ascending the
sensor float lifts the main body towards the anchored passive float. The vertical
displacement of the sensor float is three time the vertical displacement of the main body
due to the 3:1 mechanical advantage of the compound pulley system. Referring to Figure
13, if the length of the electromechanical cable payout required for the sensor float to
reach the surface is Y, then the secondary ascent would begin when the sensor float is
1.5Y below the surface. To reach the surface during the secondary ascent the sensor float
moves 1.5Y, and simultaneously the main body moves 0.5Y. The basic behaviour of the
secondary ascent satisfies that the work done by the sensor float is equal to or greater than
the work done on the main body. Work is the product of the force on a body and its

displacement in the direction of the force (Hibbeler, 2007).

Releasing the sensor float from the main body while only at the top of the subsea mooring
reduces the possibility of entanglement in the mooring line. Ocean currents can create
drag on the sensor float and cause a horizontal displacement. In the unlikely event the
displacement is directed towards the mooring line, there could be an entanglement if they
cross over. The amount of displacement increases with the length of electromechanical
cable that must be payed out. Therefore, the sensor float should not be released from the

main body until it is near the subsea buoy. The critical point during the release of the
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sensor float is when it is at the same depth as the subsea buoy as shown in Figure 13.
Above this point, the sensor float is in the space above the mooring, and the cables cannot
cross over. To mitigate this issue, the release point of the sensor float on the main body
must be far enough from the mooring line to ensure that the horizontal displacement
developed by a 1 m/s current is not sufficient to allow contact between the sensor float

and the mooring.

Critical Point

*Height of the subsea mooring is not to scale for illustration purposes

Figure 13. Electromechanical cable pay out during the secondary ascent
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4.15 Position E — Surface Breach

A surface breach occurs when the sensor float reaches the surface and exposes the
antennae to the atmosphere. At this point, the profiler will be able to communicate with a
remote site. The amount that the antennae breaches the surface depends on the excess
buoyancy of the sensor float. Once the profiler has completed sending and receiving data,
the buoyancy of the main body is adjusted to its maximum negative buoyancy. Since this
is greater than the sum of the positive buoyancy of the passive float and sensor float, the
profiler will descend to the bottom of the mooring in essentially a rewind of the ascent

order, back to position A where it hibernates waiting to complete the next profile.
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5 Profiler Design

This chapter details the design of the system and components that make up the profiler.
Due to the dependent relationship between the components, especially their buoyancy,
they were designed in series. The starting point was the sensor float, followed by the
electromechanical cable, then the passive float, and finally the main body. As part of the
design cycle each component went through several iterations before arriving at the final

designs detailed in the following sections.

Throughout the design, careful consideration was given to the material selection for
components given the harsh operating environment of seawater. While plastics such as
Ultra High Molecular Weight Polyethylene (UHMW) are useful and have good
compatibility in seawater, they lack the strength required for the structural members or
pressure vessels. As detailed further in the designs, aluminum was the material of choice
for most of the strength components, and 316 stainless steel for the fasteners. The
combination of stainless steel and aluminum is not ideal due to the potential for galvanic
corrosion between the dissimilar metals. However, the alternative of using all stainless,
titanium, and/or nickel alloys was cost prohibitive, especially for a prototype. To mitigate
the potential for failure of the components or system due to galvanic corrosion, several
solutions were implemented in the design. The first was to anodized all of the aluminum
components. The second was to include attachment points on the aluminum components
for sacrificial zinc anodes; especially near areas where stainless steel fasteners are in

contact with the aluminum. The third was to separate physical contact between the
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stainless steel fasteners and the aluminum component with non-metallic washers and

bushings.

5.1 Sensor Float Design

The final sensor float design is shown in Figures 14 and 15. It was designed to house the
sensors, a controller and data logger, and the telemetry system. To perform properly
under the operating conditions specified, it was designed to provide low drag and positive
buoyancy to ensure it can reach the surface while mitigating the risk of entanglement in
the mooring line. It provides an upright orientation of the antenna for telemetry while at
the surface. A strong structure with a mechanical connection point on the bottom allows
the addition of a strain relief to dampen the impact energy from wave action when the

profiler is near the surface.
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Figure 14. Final sensor float design: full and sectioned view

The suite of sensors that was chosen for the sensor float are listed in Table 1. The sensors
were selected based on performance specifications such as power consumption, accuracy,
range, resolution, and size. All of the sensors are rated for a depth of 200 m or greater.
The exception to the depth rating are the Altitude Heading Reference System (AHRS)
and Global Positioning System (GPS) receiver which are housed within the enclosure and

not exposed to the ambient water pressure.
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Table 1 Sensor float suit of sensors

Manufacture Model # Parameter(s) Range Accuracy Power

Conductivity  0-9 S/m +0.0003 S/m

Seabird GPCTD Temperature  -5-42 °C +0.0002 °C #1?/(\)/
Depth 0-300 m +0.1% FSR
i 0, 0,
Seabird 43F Dissolved 120% c_)f +2% of 45
Oxygen saturation  saturation mwW
. Chlorophyll-a 0.6
Seabird ECO FLS Florescence 0-125 pg/L  0.02 ug/L MW
0,
Nortek Vector Velocity +0.1-7 m/s +0.5% of 1.2W
measured value
LORD Attitude and  360° about o 800
MicroStrain  SDM-GX4-24 Heading all axes 2.0 mwW
Tritech LRPA200 Altitude 2-200 m +0.025% FSR  2.2W
Latitude & 67
Sparkfun GPS-10920 Longitude N/A 25m mW

The components listed in Table 2 make up the sensor float data logger and controller

which are housed in the subsea enclosure.

Table 2 Sensor float data logging and controller components

Manufacturer Model # Description Power
BeagleBone  Black Single Board Computer <1W
PJRC Teensy 3.2 Microcontroller <150 mW
CUIl PBY30-Q48-S12-U 24V DC-DC Converter 88% efficient
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The telemetry systems components are listed in Table 3. The Iridium/GPS and Wi-Fi

antenna are affixed to the top of the sensor float while their respective electronic modules

reside in the subsea enclosure.

Table 3 Sensor float telemetry components

Manufacturer Model # Description Power
Tt QUERTAL ASGPS&PISIE gy
Iridium A3LA-RS Satellite Modem 1.75 W (max)
Digi XTP9B-PKI-R  RF Modem <3W
Ubiquiti BM5HP Wi-Fi Transceiver 6 W (max)
Teledyne CCR-33S Coaxial Switch 1.7W
AOSL N/A Wi-Fi Antenna N/A

The manufacturer specification data sheets for all the components listed in the three tables

above are included in Appendix A, pages 173-203.

5.1.1 The Effect of Current on the Position of the Sensor Float

Under ideal environmental conditions with no current acting on the system, the sensor

float would rise to the surface following a straight vertical trajectory during the secondary

ascent (Figure 11). However, when a horizontal current is imposed on the sensor float and

the electromechanical cable, the effect is a horizontal displacement of the sensor float.

The profiler is designed to turn into the current such that the sensor float moves away

from the mooring line when displaced by a current. However, if opposing currents acted
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on the main body of the profiler and the sensor float, the consequence is a risk of the
sensor float becoming entangled with the mooring line. This could impede its operation.
To prevent entanglement, the horizontal displacement of the sensor float needs to be
minimized. The release point of the sensor float must be positioned such that the
horizontal displacement does not subject it to the entanglement conditions described in

section 4.1.4.

At any instant in time during the secondary ascent, the sensor float behaves as its own
simple subsea mooring with the anchor point being the release point on the main body.
Assuming the electromechanical cable is short and lightweight, Equations 5.1, 5.2, and
5.3 can be used to determine the length of the cable (s), the horizontal (x), and vertical (y)
distance from the release point, respectively when exposed to a current (Figure 16)

(Berteaux, 1976).

To
s = E(cot 0, — cot0,) (5.1)
To
x= 4 (cscB, —csch,) (5.2)
To 0, 0,
y= E{loge (tan ?) —log, (tan ?>} (5.3)
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Figure 16 Simple subsea mooring with an anchor point

The tension (To) is the resultant force of the vertical buoyant force (Fsf), and the
horizontal drag force (Dsf) on the sensor float. The vertical buoyant force is determined
from Equation 5.4 which is the difference between the buoyant force of the sensor float

(Bsf) and the weight of the sensor float (Wsr).

The buoyant force of any submerged body is equivalent to the weight of the water it

displaces (Munson, Young, & Okiishi, 1994). Equation 5.5 determines the buoyant force
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of the sensor float (Bsr) from the density of the water (pw) and the volume of water it

displaces (Vst).

Bsr = pwVsr (5.5)

The drag force on the sensor float (Dsf) is dependent on the drag coefficient of the sensor
float (Cosf), the density of the water, the velocity of the water (v), and the projected areas
of the sensor float perpendicular to the water velocity (Asf) (Munson, Young, & Okiishi,
1994). Equation 5.6 gives the drag force on the sensor float.

1
Dgr = 2 CDsfpwvasf (5.6)

The drag force per unit length of the electromechanical cable (R) is calculated from
Equation 5.7. It is dependent on the drag coefficient of the electromechanical cable
(Cpec), the density of the water, the velocity of the water, and the diameter of the

electromechanical cable (Oec).

1
R = E CDempwvzgec (5.7)

The drag coefficient (Cp) of an object is dependent on the Reynolds Number (Re). The
Reynolds Number is dependent the density of water, the velocity of the water, the
dynamic viscosity of the water (u), and the characteristic linear dimension of the object
(D). The characteristic linear dimension of a sphere and cylinder (cable) are its diameters,
Osf and Oec. Equation 5.8 is used to calculate the Reynolds number (Munson, Young, &
Okiishi, 1994).
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_ pwvD
u

Re

(5.8)

01 is the angle between the horizontal and the electromechanical cable at the release point

of the main body, which is determined by rearranging Equation 5.3 to give Equation 5.9.

(5.9)

The angle between the horizontal and the electromechanical cable at the buoy is 6,
determined from the basic trigonometry of the vertical buoyant force and the horizontal
drag force acting on the sensor float, Equation 5.10.

F
0, = tan-1 =L (5.10)
Dy,

Based on the equations presented, the horizontal displacement of the sensor float and
subsequently the length of electromechanical cable required to reach the surface can be
minimized by increasing the positive buoyancy of the sensor float and reducing the drag
on the sensor float. Reducing the drag on the electromechanical cable also helps but at a

lesser magnitude.
5.1.2 Sensor Float Shape and Size

A systematic and iterative approach was used to determine the appropriate size and shape
of the sensor float. The first step determined a rough estimate of the buoyancy and drag

required by the sensor float. This estimate is based on restricting the location of the sensor
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float release point on the main body to a maximum of 1.5 meters from the mooring line.
This is to keep the size of the main body within reasonable limits. This means that the
horizontal displacement of the sensor float at the critical point (the same height as the
subsea buoy) cannot exceed 1.5 m. The horizontal displacement from the release point at
the critical point (xc) is solved using Equation 5.2. It is dependent on the vertical
displacement from the release point to the critical point (yc) (Figure 13). Equation 5.11 is
used to approximate Y. It depends on the length of cable required to reach the surface (ss)
which is calculated from Equation 5.1. If the amount of cable required for the sensor float
to reach the surface is ss; then the sensor float is half the length of ss below the subsea
buoy when the profiler is about to start the secondary ascent. This is because the amount
of electromechanical cable required to reach the surface is stored equally between the
pulleys in the passive float and on the main body. Due to the 3:1 ratio of the pulleys, the
yc value indicated in Figure 13 can be approximated as two thirds the distance from the
passive float to the subsea buoy at the start of the secondary ascent.

y, = g(lss) (5.11)

The initial estimate of the buoyancy and drag of the sensor float assumed the following:

e The sensor float is spherical and its weight in sea water (Wss), including the
instrumentation and enclosure is 200 N;

e The electromechanical cable diameter (Bec) is 0.01 m and is cylindrical,
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e The vertical distance of the sensor float to the release point when at the surface

(ys) is 10 m.

This information and the other variables (such as the 1 m/s current) required to solve for

the horizontal displacement from the release point at the critical point (xc) are listed in

Table 4. An Excel spreadsheet was used to solve for xc while incrementally increasing the
diameter of the sensor float by 0.005 m. When the sensor float reached a diameter of
0.385 m it produced a calculated x. value of 1.5 m. The corresponding buoyancy and drag
on the sensor float were 101 N and 29.9 N respectively. This was considered a reasonable
size for the sensor float. Thus it was used as a baseline for the size and shape. The
spherical sensor float trajectory plot in Figure 17 indicates the trajectory of the 0.385 m
diameter sensor float (green line) from the release point (black line) to when it reaches the
surface (blue line). The trajectory does not intersect the mooring cable (red line) therefore
reducing the risk of entanglement. Reducing the drag on the sensor float can further
reduce the risk of entanglement by decreasing the horizontal displacement. Adopting a
streamline body for the sensor float can reduce the drag coefficient to 0.1 or less. A
streamline sensor float with a conservative drag coefficient estimate of 0.1 and the same
characteristics and operating conditions as the spherical sensor float has an 80% reduction
of the drag of force. The 6 N drag force of the streamline float results ina 0.53 m
horizontal displacement at the critical point. The equivalent streamlined sensor float
trajectory shown in Figure 18 provides excellent risk mitigation of entanglement.

Limiting the critical distance Xc to 1.5 m under these parameters will permit the subsea
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buoy to be submerged to a depth up to 17 m without risking entanglement. This means
the profiler can accommodate a discrepancy of 7 meters in depth beyond the expected
subsea buoy depth of 10 m. This depth discrepancy is expected due to waves, tides,
tolerances in assembling of the subsea mooring, and bathymetry uncertainty at

deployment sites.

Table 4 Sensor float variables and results

Depth of the subsea buoy, s 10m
Sensor float diameter, Ost 0.385m
Sensor Float weight, Wiy 200 N
Sensor float drag coefficient, Cpst 0.5
Electromechanical cable diameter, Oec 0.01m
Electromechanical cable drag coefficient, Cpec 1
Density of water, pw 1047 kg/m?®
Dynamic viscosity of water, 0.00141 Pa-s
Water velocity, v 1mls
Gravity, ¢ 9.81 m/s?
Re for the sensor float 2.6 x 10°
Re for the electromechanical cable 7.3x10°
Buoyant force of the sensor float, Bst 301.0N
Vertical force on the sensor float, Fsf 101.0N
Drag force on the sensor float, Dst 29.3
Tension in the electromechanical cable, To 105.2 N
Drag force per unit length of electromechanical cable, R 5.1 N/m
Angle between the horizontal and cable at the subsea buoy,0> 73.8°
Angle between the horizontal and cable at the anchor point,0: 49.5°
Amount of electromechanical cable required to reach the surface, ss | 11.6 m
Vertical displacement from the release point to the critical point,yc | 3.9 m
Critical horizontal displacement (Xc) 1.5m
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Sensor Float Trajectory
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Figure 17 Spherical sensor float trajectory
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Figure 18. Streamline sensor float trajectory
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Based on these calculations, the design goal for the sensor float was to ensure it provided
a minimum of 100 N of buoyancy and a drag of less than 30 N to ensure it could reach the
surface without interfering with the mooring line. To minimize the drag, a sensor float
with a streamline body was designed and the volume of the float was optimized to reduce
its projected area. To optimize the volume of the sensor float, the iterative design process
entailed modeling the sensors and enclosure, then arranging them closely together in a
free space such that a streamlined shape could enclose the components. Once the shape
was defined, it was determined how much foam would be required to provide a net
buoyancy of 100N. Detailed CAD drawing of the parts required to fabricate the sensor

float are provided in Appendix B, pages 271-305.

5.1.2.1 Sensor Float Enclosure Design

To minimize its size, a custom cylindrical subsea enclosure was designed and fabricated
for the sensor float (Figure 19). The detailed CAD drawings are available in Appendix B,
pages 302-305. The enclosure has a blind body with a removable end cap held in place by

three radial set screws.

The enclosure requires an inside diameter of 162 mm and an internal length of 277 mm
(with the endcap on) to house the components as arranged in Figure 19. The subsea
enclosure is fabricated from 6061-T6 Aluminum and is designed to withstand a minimum

allowable external pressure of 30 bar (~300 m depth).
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Bulkhead

Connector
End cap

O-rings

Set screw

Enclosure
components

Sectioned
Blind body

* Wiring not shown |<— ~162 mm —>|

Figure 19 Sensor float subsea enclosure with blind body sectioned and the enclosure
components segregated

The external design pressure (Pa) of the enclosure was verified using Equation 5.12 and the

procedures from the American Society for Mechanical Engineers (ASME) Boiler and

Pressure Vessel Code; specifically Section 8 Division 1, Unfired General 28 (VI11-1 UG28)

THICKNESS OF SHELLS AND TUBES UNDER EXTERNAL PRESSURE (ASME

International, 2015). The external design pressure is dependant on the outside diameter of

the enclosure (Do), the side wall thickness (t), and a factor based on the material properties,

and the dimensions of the enclosure (B). Given the variables in Table 5, the 7.62 mm

sidewall thickness of sensor float enclosure allows for an external design pressure of 38.9

bar (~389 m depth).
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The first step of the procedure was to verify that that Do/t was greater than 10 in order to
validate the procedure used. Next, “Factor A” was determined from the intersection of the
L/Do and Do/t lines on the Geometric Chart for Components Under External or
Compressive Loading (Figure 20). Finally, the “Factor B” was determined from the
intersection of the Factor A and the “up to 200 °F” lines on the Chart for Determining Shell
Thickness of Components Under External Pressure Developed for Welded Aluminum

Alloy 6061-T6 (Figure 21).

P, = (5.12)

Table 5 Variables and factors for sensor float enclosure

Inside diameter of enclosure, Di 162.6 mm
Outside diameter of enclosure, Do 177.8 mm
Sidewall thickness, t 7.6 mm

Unsupported length of enclosure, L 295.3 mm

Factor A (L/Do=1.66 and Do/t = 23.4) 0.007
Factor B (Aluminum 6061-T6) 9,900 psi (682.6 bar)
Allowable external design pressure, Pa | 38.9 bar
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The removable end cap of the enclosure is sealed with two radial male glands. The two 2-
437 O-rings are seated in grooves on the end cap (with no backing). This industrial O-ring
static seal is designed for a pressure of 103.5 bar as per the guidelines and specifications
provided in the Parker O-Ring Handbook ORD700 (Parker Hannifin Corporation, 2007).
Table 6 summarizes the O-ring and enclosure design dimensions as referenced to the

Parker design guide schematic in Figure 22.

Table 6 2-437 O-ring design dimensions for a radial industrial static male gland seal

O-ring inside diameter, I.D. | 151.77 £ 0.94 mm
O-ring diameter, W 6.99 £ 0.15 mm
Groove width, G 9.53 -9.65mm
Bore diameter, A 165.10 — 165.15 mm
Groove diameter, B-1 153.52 — 153.62 mm
Plug diameter, C 164.97 — 165.00
Diametral clearance, E 0.10 - 0.18 mm
Groove radius, R 0.51 -0.89 mm

Industrial Static Seal Glands

— Male Gland Female Gland
I —1RE
12E— | . Y )
Y )
A ] —
R -1 — = -
B-1 Dia. (B-1 Min. = A Max. -2 L Max.) B Dia.
C Dia. D Dia.
o A Dia. A-1 Dia.
o
Break Corners (A-1 Max. = B Min. +2 L Max.)

(Typ.) Approx. .005 RAD.
e

o w- w—>1 I._ _-| I-—%(;_S ‘Pressuri ‘Pressure ‘Pressure
et i A IO v i

Section W-W o One Two
Gland Detail Septh (Ret) Parbak Parbak Parbak
Finishes are RMS values. Ring Ring Rings
Refer to Design Chart 4-2 (below) and Design Table 4-2 for dimensions metric conversion 32V = .8y

Figure 22. Parker design guide for industrial static seal glands (Parker Hannifin
Corporation, 2007)
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The enclosure is fitted with seven subsea bulkhead connectors. The four Teledyne
Impulse Miniature High Density (MHDG) series subsea connectors on the top are for the
GPCTD, Velocimeter, Altimeter, and ECO FLS sensors. The other two top connectors
are Teledyne DGO 110 series coaxial connectors. They are for the Iridium/GPS and Wi-
Fi antennas. The single MHDG connector on the bottom is for the electromechanical
cable connection. The specifications for the bulkhead connectors are available in
Appendix A, pages 204-208. With a pressure rating of 5000 psi (345 bar) and greater, the

connectors exceed the 30 bar design pressure.
5.1.2.2 Streamlined Shape of Sensor Float

A method frequently used to develop a streamline shape is to use a combination of simple
geometric shape such as ellipses. Figure 23 shows the profile shape of the sensor float
that is able to enclose the sensors and enclosure as arranged in Figure 14. The profile was
developed after the shape suggested by the National Physics Laboratory where the major
axis of the ellipse that makes up the back is v2 time greater than the major axis of the
front ellipse (Kale, Joshi, & Pant, 2005). The sensor float profile can be considered
streamlined since the major axis of the back ellipse is 1.5 (> v/2) times greater than the
front ellipse. The major axis of the front and back ellipse is 400 mm and 600 mm,
respectfully. The total length or chord of the profile is 500 mm and the thickness is 200
mm. A streamlined strut with a thickness to chord ratio of 0.4 (same as the sensor float
profile) has a drag coefficient < 0.1 at Reynolds Number (Re) > 10* (Cimbala & Cengel,

2006). The sensor float improves streamlining of the strut shape by rounding and tapering
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the top and bottom. The rounding and tapering shape is produced from a 180° revolution

of half of the streamline profile (Figure 23), about the long axis of symmetry.

500mm

T
_

200mm

Figure 23 Streamline profile shape of the sensor float

5.1.2.3 Size of the Sensor Float

The sensors, enclosure, and structural components of the sensor float all have a negative
buoyancy. To achieve the positive 100 N buoyancy goal, foam was added to the sensor
float. The foam used was Divinycell HCP50, the full specifications are available from the
technical data sheets in Appendix A, pages 209-210. HCP50 is a high performance, low
density closed cell foam designed for subsea applications. Its salt water operational

depths specification of 300 m is suitable for this profiler’s 200 m application.

To estimate the volume of the foam required, the buoyancy of everything that makes up

the sensor float excluding the foam (sensors, enclosure, and structural components) had to
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be determined. If the buoyancy of a sensor was not known from the product data sheet, it
was determined by using a load cell to measure the buoyancy in a tank of water. The
buoyancy of the enclosure was determined using a load cell and tank of water as well.
The buoyancy of the sensor float components to be fabricated was determined from the
analytical tool in SolidWorks. First the density of each component was set to the density
of the material of construction minus the density of sea water. Then the buoyancy of the
part was determined by multiplying gravity (9.81 m/s?) by the mass value from the mass
property analytical tool. The total of wet weight (buoyancy) of the sensor float
components excluding the foam was negative 48 N. Therefore, to provide 100 N of
positive buoyancy there must be a sufficient volume of foam to generate 148 N of
positive buoyancy (B-). Given the specification that the HCP50 foam provides 775 kg/m?®
of positive buoyant density (pom), Equation 5.13 was used to determine that 1.95 x 102

m? of Divinycell HCP50 foam was required.

By

(5.13)

Vfoam =

To optimize the volume of the sensor float and reduce the projected area of the float, the
53 mm thick sheets HCP50 foam were machined to match the streamline profile. Pockets
were machined within the shape to allow routing of cables and tubing, and to fit tightly
around the tie rods, sensors, and the enclosure. Due to the complex shapes and geometries
the SolidWorks mass property analytical tool was used to determine the volume of foam

used. Engineering drawings for the ten pieces of HCP50 foam that make up a volume of
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1.95 x 102 m?® (eight layers in the body and two pieces in the top cap) are available in

Appendix B, pages 280-288 and 295-296.

The resulting height of the sensor float (excluding the antenna and Velocimeter) is 0.650
m. For drag calculation purposes the projected area of the sensor float is 0.125 m?. Using
Equation 5.8 with the environmental variable from the spherical sensor float analysis and
the physical variables from the streamlined sensor float, the Reynolds Number is 1.5 x
10°. This is greater than 1x 10%, therefore the drag coefficient can be conservatively
estimated as 0.1. This will generate a drag force of 6.4 N. Including the 6.6 N of
calculated drag from the antenna and Velocimeter, the resultant 0.81 m horizontal
displacement of the sensor float at the critical point is within the 1.5 m tolerance placed

on the critical horizontal displacement.

5.1.2.4 Sensor Float Structure

The main mechanical structure of the sensor float is shown in Figure 24. It relieson a5
mm thick aluminum base plate and seven 6 mm diameter aluminum tie rods equally
spaced around the perimeter. The tie rods are threaded into the base and a flanged nut at
the top to compress and hold the foam and intermediate layers of High Density
Polyethylene (HDPE) in place. A HDPE shell attached to the HDPE layers helps to
protect and confine the foam. The subsea enclosure and a strain relief attachment point
are rigidly attached to the aluminum base plate with fasteners. The strain relief attachment
point is mounted near the front of the sensor float to help ensure that the GPCTD sensor

located in the nose will orientate into the current. This is the optimal position for the
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sensors since they will be exposed to an undisturbed parcel of water during the upward

profile.

HDPE layers

Shell

Tie rod
Aluminum base

Electromechanical cable assembly
HDPE base mechanical connection point

Figure 24 Sensor float mechanical structure with the HDPE base and
shell sectioned

5.1.3 Upright Orientation and Stability of the Sensor Float

A fully or partially submerged object is considered to be in stable equilibrium if it returns
to its equilibrium position after it has been displaced (Munson, Young, & Okiishi, 1994).
To ensure a clear telemetry link, the top mounted antennas on the sensor float must be out
of the water when in the equilibrium position at the surface. Due to the buoyant force of
the sensor float and the tension in the cable, the equilibrium position provides the

antennas with an upright and out of the water orientation as shown in Figure 25.
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However, the tension in the electromechanical cable can be permanently or temporarily
removed from the float during events such as a detachment from the electromechanical
cable or exposure to wave action. In either situation the equilibrium position of the sensor
float should ensure the antennas remain out of the water to transmit data. To guarantee an
upright stable equilibrium position of the antennas when there is no tension on the cable
the center of buoyancy must to be above the center of gravity (Munson, Young, &
Okiishi, 1994). To promote this, more of the positive buoyant foam was positioned at the
top of the float and the negative buoyant components were located as close as possible to
the bottom of the float. Figure 26 shows that the stable equilibrium position of the sensor
float with no tension in the cable keeps the antennae out of the water; however not as

prominently as when there is cable tension.

Figure 25 Sensor float Figure 26 Sensor float stable equilibrium
stable equilibrium position position with no cable tension
with cable tension
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5.1.4 Buoyancy Verification and Trimming of the Sensor Float

Verification and trimming of the buoyancy of the sensor float was completed in the
Faculty of Engineering deep tank. The buoyancy of the sensor float was verified using the
two set up arrangements illustrated in Figure 27. The first arrangement had a load cell
connected at the top of the sensor float and the sinker weight attached to the bottom to
submerge it. The second arrangement only has the submerged sinker weight attached to
the load cell. The difference between the load cell values gives the buoyancy
measurement of the sensor float. The initial measurement of the sensor floats buoyancy
was 82.3 N. To trim the buoyancy of the sensor float to 97.5 N, 2.1 x 102 m® (15.2 N) of
HCP50 foam was added within the void above the enclosure. Since sea water is
approximately 2.5% more dense than freshwater the sensor float should have a buoyancy

of 100 N in sea water.

Load cell
Oy O

/

Sinker weight

Sensor float

.

Not to scale

Figure 27 Buoyancy verification tank set up
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5.2 Electromechanical Cable Assembly Design

The electromechanical cable assembly was designed as illustrated in Figure 28. It is made
up of four main components; an electromechanical cable, connectors, a strain relief, and a
shock absorber. The assembly provides five functions; (i) power for the sensor float; (ii)
data transfer to and from the sensor float; (iii) a mechanical connection between the
sensor float, passive float, and main body; (iv) strain relief to the connectors and cable;

and (v) shock load absorption.

Electrical connection
to main body Power Spring

/ Electromechanical cable shock cord
(25 m)
0.272 m ——>
NS .

L —-—
TrustLink stress relief /

Electromechanical cable —

(1m) Electrical connection
* Length of cable is not to scale for illustration purposes to sensor float

Mechanical connection
point to sensor float

/

l«— 0.243m —>!

)

Figure 28 Electromechanical cable assembly

To reduce cost and lead time, a suitable off-the-shelf cable was selected rather than
designing and specifying a unique cable solution to satisfy the profiler requirements. The
electromechanical cable selected was a Falmat FM022208-04 12K Xtreme-Net
ruggedized deep water ethernet cable. The cable has two 18 AWG conductors for power,

and a pair of 24 AWG conductors for data transmission. In addition, there is an aramid
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fiber layer which provides 1,200 Ib. (5,338 N) of breaking strength. The specification

sheet for the cable is in Appendix A, page 211.

The 8.8 mm diameter cable is less than the 10 mm diameter previously assumed.
Therefore, there will be less drag on the cable, a decrease in the expected amount of
horizontal displacement, and a reduction in the length of electromechanical cable required
to reach the surface. Replacing the 10 mm cable dimeter value with 8.8 mm reduces the
drag per unit length of cable from 5.14 N/m to 4.52 N/m. Applying this value to the
critical horizontal displacement in section 5.1.2.3 results in a reduction from 0.81 m to

0.76m.

The electromechanical cable is the lifeline for the system, and it must be protected from
failure. As per the manufacture’s recommendation, the maximum safe working load for
the cable is 20% of the breaking strength. Setting the safe working load of the
electromechanical cable at 1,000 N satisfies the recommended maximum limit for the
safe working load. Under static operating conditions, the ~100 N load that the cable
would experience is much less than the safe working load. However, while at the surface

the sensor float is exposed to cyclical and potentially shock loading due to wave action.

Aramid fiber properties are characterized by a high modulus of elasticity due to their high
strength and low elongation, and excellent tension fatigue (Horn, Riewald, & Zweben,
1977). The high strength and excellent tension fatigue help permit the electromechanical
cable to withstand the potentially high tension and cyclical loads caused by waves.

However, the low elongation limits its ability to absorb energy during shock loading.
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Shock loading will occur when the sensor float is at the surface and it reaches the
extension limit of the electromechanical cable while moving up a wave. This will cause
the float to stop immediately. This is analogous to dropping the sensor float from a height
while attached to a fixed length of cable. The kinetic energy developed by the moving
mass of the sensor float must be absorbed by the electromechanical cable assemblies

shock cord.

The kinetic energy (KE) possessed by the sensor float as it moves up and down with the
wave motion is determined by Equation 5.14 (Hibbeler, 2007). It is dependent on the
mass of the sensor float (msf) and the velocity of the sensor float (vsr). Since the mass of
the sensor float is constant, the maximum kinetic energy will occur when the velocity of
the sensor float is at it maximum. The mass of the sensor float excludes any ‘added mass’
effect of the surrounding sea water due to acceleration imposed on the seawater by the

sensor float.

1
KE = Emsfvszf (5.14)

A simplified model of deep water surface gravity waves can be characterized by a
sinusoidal wave as illustrated in Figure 29 (Randall, 2010) . A water particle at the
surface traveling along the wave will have a horizontal and vertical velocity component.
The magnitude and direction are dependent on the position along the wave. Equation 5.15
is used to determine the vertical velocity (w) of the particle (Randall, 2010). It depends on

the wave height (H), period (T), wave number (k), vertical distance of the particle at the
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surface of the wave from the Still Water Line (SWL) (z), and the phase angle (0). The
phase angle is 0° at the crest of the wave. The maximum upward vertical velocity occurs
when the particle is at the SWL and on the upward slope of the wave. At this point the
phase angle is 270° and the distance from the SWL is 0. Substituting these values into

Equation 5.15 simplifies it t0 Wmax = aH/T.

H

w=— e*?sin @ (5.15)

r‘r;t Wavelength, L - ’ Wave Celerity, ¢

Z .
Wave Heig/hh - T X / SWL

Trough

Depth, d

Figure 29 Sinusoidal progressive waveform (Randall, 2010)

A wave height of 5 m and a period of 6 seconds was used in Equation 5.15 to determine
that 2.62 m/s is the maximum upward velocity the sensor float may experience at the
surface. The 5 m wave height was set as one of the operational limits of the profiler. A
period of 6 seconds was chosen based on 59 years of Meteorological Service of Canada

(MSC) 50 North Atlantic Wave Hindcast at Grid Point 2124 (42.2 °N, 62.9 °W) of the
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Scotian Shelf. Hourly wave data from 1954-2012 indicated that the lowest wave period

recorded for a 5 m wave was 6 seconds (Stantec, 2014).

With a sensor float mass of 29.9 kg, and a maximum velocity of 2.62 m/s, Equation 5.14
results in a maximum Kinetic energy of 103 J. This is the energy that must be absorbed by
the shock absorber of the electromechanical cable assembly without exceeding the safe

working load of 1,000 N.

A shock cord (or bungee cord) was chosen over a more traditional constant force
extension spring as the energy absorbing component. An extension springs relatively
short life of the tens of thousand of cycles was a severe limitation for an application
which would expose it to regular cyclical loading from wave action (Shigley & Mischke,
1996). The shock cord is able to endure 5 x 10° cycles before failure; an order of
magnitude greater than the extension spring. The shock cord is also more compatible with
sea water than a stainless-steel spring. Natural rubber is able to endure long term

submerged exposure in a salt water environment (Mott & Roland, 2001).

A 19 mm diameter Ibex Marina Power Spring was selected as the shock absorber for the
electromechanical cable assembly. The full specifications for the Power Spring is
available in Appendix A, page 212. Its maximum load rating of 1,125 N is able to
withstand the safe working load of the electromechanical cable and the ‘E’ type end
fittings provide a secure means of attachment. The length of the Power Spring was sized
to ensure that under a 1,000 N load it would deflect a sufficient amount to absorb 103 J of

energy; the maximum kinetic energy developed by the sensor float. The energy absorbed
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by a spring (Us) with an initial tension (T;) is determine by Equation 5.16 (Hibbeler,
2007). It is dependent on the initial tension (T;), the spring constant (k), and the amount of
deflection (x). The (kx) term is the load on the spring and the initial tension is the load

required to initiate the deflection.

1
Us = > (kx) x + T;x (5.16)

Unlike an extension spring, the spring constant for a shock cord depends on its original
length. The manufacturer’s specifications for the Power Spring provides Equation 5.17 to
determine the load (Ibex Marina, 2015). It is dependent on the spring rate specification
(S), the percentage of extension (E) of its original length, and the initial tension
specification (F0). The load and initial tension in Equation 5.17 is the same as the kx and

Ti terms in Equation 5.16, respectively.

Load = S X E + FO (5.17)

The minimum required original length (xo) of the Power Spring can be determined using
Equation 5.18. It is dependent on the amount of deflection (x) and the percentage of

extension (E)

Xo = (5.18)

X
E
Given the parameters provided in Table 7 and using Equations 5.16 , 5.17, and 5.18 the
original length of Power Spring required for the electromechanical cable assembly that

limits the load to 1,000 N while absorbing 103 J of energy was determine to be 0.184 m.
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Table 7 Power spring design parameters and values

Spring energy, Us 103 J
Spring load, Load and (kx) 1,000 N
Initial spring tension, FO and T; 248 N
Spring deflection, x 0.138m
Percentage of deflection, E 74.9%
Original spring length, xo 0.184 m

To connect the electromechanical cable assembly to the sensor float the Power Spring is
coupled to a Type II-F McArtney Trustlink Stress Termination (Figure 28). One end of
the Power Spring connects to the sensor float via the electromechanical cable assembly
mechanical attachment point. This connection can pivot to avoid putting a bending stress
on the Power Spring. The other end of the Power Spring connects to the Trustlink, and the
electromechanical cable is secured and molded into the Trustlink. The specification for
the Trustlink is given in Appendix A, pages 213-214. The watertight Trustlink is designed
as a rugged, safe, and reliable solution for connecting cables to towed and profiling
subsea systems (McArtney, 2015). Its purpose is to eliminate the stress on the connectors
of the electromechanical cable as illustrated by the slack cable shown in Figure 30. The
slack section of the cable is longer than the Power Spring at full extension. Therefore,
when the Power Spring is loaded to 1,000 N or less, the slack section of the
electromechanical cable will remain slack and not experience any stress. The Trustlink
selected has a maximum safe working load of 600 kg (5886 N). This is much greater than
the electromechanical cables 1,000 N limit, but it was the smallest one suitable for the 8.8
mm diameter electromechanical cable. It would be cost and time prohibitive to design and

fabricate a specific Trustlink with a lower safe working load.
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Sensor float

aluminum base \

plate

\ Electrical

Mechanical connection point

connection point

Slack Cable (1m)

|(— ~250 mm —)|

Figure 30 Electromechanical cable assembly attached to
the sensor float aluminum base

5.3 Passive Float Design

The main function of the passive float is to keep the sensor float retracted during the
primary ascent and the descent. The final design of the passive float is shown in Figures
31 and 32. Detailed CAD drawings for the passive float components are given in
Appendix B, pages 306-323. The passive float is constrained to the sensor float and main
body by the electromechanical cable via an internal sheave, and to the mooring line via
the guide tube. The sheave is mounted to a bracket on the guide tube to provide
mechanical strength and structure. Collars mounted at each end of the guide tube hold the

buoyant section of the passive float in place. The ellipsoidal shaped section is formed by a
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3mm thick fiberglass shell. One half of the shell protects an HCP50 foam core and the
other half is hollow and vented. The foam half of the passive float forms a pocket to fit
the sheave and guide tube structure. Through-holes in the design allow for the addition of
trim weight and/or foam plugs to fine tune the buoyancy. The float was fabricated as four
separate quarters; the top foam quarter, the bottom foam quarter, the top shell quarter, and
the bottom shell quarter. All four pieces were then joined together with a final common

fiberglass shell.

|(— ~450 mm —)| Collar Through holes

Hollow half

Fiberglass shell

Foam half

PTFE eyelet

Guide tube Collar

HCP50

Trim /

weight Foam plug

Sheave

SHELL SECTIONED FOAM SECTIONED

Figure 31 Passive float with only the shell and HCP50 foam sectioned
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Figure 32 Passive float - Orthographic projections with dimensions
5.3.1 Sheave Design

The size of the sheave is constrained by good design practice. To ensure that the integrity
of the electromechanical cable is preserved the supplier’s minimum bending radius of 10
times the cable radius is maintained. The sheave’s pulley design limits the bending radius
to 120 mm which is 27 times the 4.4 mm radius of the electromechanical cable. To ensure
the cable remains seated in the pulley, the groove depth is 1.5 times the diameter of the
cable and the throat angle is 40°. The grove radius is dimensioned as 0.530 — 0.535 times
the cable diameter. If the groove diameter is too small the cable can be crushed and if too
large the cable could flatten (All Rigging Co., 2016). A detailed drawing indicating the

pulley dimensions is provided in Appendix B, page 314.
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The sheave uses a Rulon plain bearing. Rulon is a low friction polytetrafluoroethylene
(PTFE) based material that is intended for wet applications. PTFE thrust washers are also
used to minimize the friction between the side walls of the sheave and the side plates.
PTFE spacers located around the perimeter of the side plates constrain the
electromechanical cable in the groove. This requires the sheave to be assembled around
the cable, but it ensures the cable will remain in the sheave (Figure 33). Detailed CAD

drawings of the sheave components are provided in Appendix B, pages 311-315.

PTFE spacer

l—-175mm >

Side Pate

S

Pulley PTFE thrust washer

Figure 33 Sheave design

5.3.2 Passive Float Shape and Size

The chosen shape for the passive float is an ellipsoid (oblate spheroid) shape with a 2:1
major to minor axis ratio. An oblate spheroid is generated by rotating an ellipse about its
minor axis. The major axis of the final design is 760 mm and the minor axis is 380 mm.
The size of the passive float was determined based on the size of the sheave that had to be

enveloped, and to contain a sufficient amount of foam to generate the required buoyancy.
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An ellipsoid shape was chosen over a more traditional spherical shape because spherical
subsea buoys are known to experience undesirable oscillations under certain flow
conditions (Govardhan & Williamson, 1997). Oscillations of the float can increase the
drag force on the float and impart additional stress and strain on the electromechanical
cable. Streamlining the shape of a subsea buoy to reduce its drag has proven to reduce
these oscillations (Hurley, de Young, & Williams, 2008). Under the same conditions, the
drag coefficient of an ellipsoid is less than that of a sphere with an equivalent projected
area. Therefore, it would reduce the occurrence of unwanted oscillations (Cimbala &

Cengel, 2006).

Due to the symmetry of its ellipsoid shape the orientation of the passive float is not
strongly affected by the current. The placement of the sheave within the body of the float
also eliminates it from acting like a fin and driving the orientation with the direction of
the current. Maintaining an orientation independent of the current helps eliminate twisting
of the electromechanical cable about the mooring line under conditions which could
expose the main body and passive float to currents in different directions. The orientation
of the passive float should only be influence by the main body since they are coupled

together by the electromechanical cable.

5.3.3 Buoyancy and Balancing of the Passive Float

The positive buoyancy of the passive float must be more than twice that of the sensor
float to keep it retracted during the primary ascent and the descent. Because of the sheave

in the passive float, the greatest tension it can develop in the electromechanical cable is
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half of its own buoyancy as indicated in by the free body diagram given in Figure 34. The
passive float was designed to have a positive buoyancy of 220 N (Fee) in sea water. This
can produce a cable tension of 110 N (Tec) which is 10 N greater than the 100 N
buoyancy of the sensor float (Fsr). Although small, a magnitude the 10 N is sufficient to
keep the sensor float retracted. Increasing the magnitude of the passive float to produce
more buoyancy to retract the sensor float will require a larger buoyancy engine. The
buoyancy engine is required to vary the weight of the main body from greater than the
sum of the sensor float and passive float buoyancy, to less than three times the sensor
float buoyancy. Increasing the buoyancy of the passive float increases the magnitude of
this variation. Therefore, employing a larger buoyancy engine capacity which necessitates

more power.

ANE =220N
PF

L

Figure 34 Passive float and sensor float free-body diagrams

To achieve a passive float design with 220 N of positive buoyancy, a systematic and
iterative process was used. First, based on a 760 mm x 380 mm ellipsoid, the buoyancy of
the HCP50 foam, fiberglass shell, and the sheave and guide tube structure were

determined using the SolidWorks analytical tools. The net value of the first iteration

63



exceeded the desired 220 N. Due to the requirement to enclose the sheave within the
passive float, altering the dimensions of the ellipsoid shape was not an option. Two equal
and symmetric through-hole features were incorporated into the design to reduce the
volume of foam in the passive float. The through-holes were iteratively dimensioned until
the volume of foam material remaining resulted in the final buoyancy of the passive float
equalling 220 N. Again, due to the complex geometries involved in cutting through a
curved surface, the mass and volume information from SolidWorks analytical tools were
used to determine the net buoyancy values for varying through-hole sizes. The center of
the though-holes are positioned 140 mm from centerline of the guide tube and 180 mm
from the plane of symmetry. This position aligns the through-holes near the center of

buoyancy of the floats foam core.

The reasoning for two symmetric through holes was to keep all the float components
symmetric to avoid unwanted tilting. The location of the sheave prevents a single
through-hole in the center. The ideal natural position of the float is to have its major axis
aligned horizontally. This position will position the guide tube parallel to the mooring
line. Excessive tilting of the passive float combined with currents could cause undesirable
forces on the float such as lift and thrust. Excessive tilting alone could cause additional
friction between the guide tube and the mooring due to contact forces that would develop
between the tube and cable to counteract the tilting. This friction will reduce the buoyant

force of the passive float.
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The rationale for the through-holes rather than pockets is it to eliminate the opportunity
for air to become entrapped within the pockets that would alter the buoyancy. There is
also an expected buoyancy discrepancy between the design and fabrication of the passive
float. The through holes provide a convenient means to secure additional ring-shaped
material to increase or decrease the passive floats buoyancy. The through-hole in the top
half of the passive float is designed with a smaller diameter than the matching through-
hole in the lower half. Decreasing the diameter of the upper through-hole provides a
shoulder to securely constrain a foam insert. For tank testing this is sufficient security and
allows different sized foam rings to be quickly and easily interchanged without additional

securing methods such as fasteners or adhesives.

Additional foam and weight were required to trim the passive float such that its major
axis is horizontal when it is in its stable equilibrium position. The passive float is
designed with the sheave offset from the minor axis to match up with the sheave on the
main body so that the electromechanical cable transitions from one sheave to the other in
a vertical line. This arrangement generates a moment on the passive float that acts to
displace it from the required stable equilibrium position. Half of the passive float is
hollow so it does not generate any upward buoyant force on the opposite side of the
sheave which would magnify the offsetting moment. The buoyant force generated by the
foam on the same side of the passive float as the sheave counteracts the moment caused
by the cable tension. Unfortunately, due to the location of the tension force in the cable
and the buoyant force in the float, the stable equilibrium position can not be obtained
without adding weight to the hollow side of the passive float. Any negatively buoyant
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force (weight) added to the passive float must be counteracted by an equivalent positive

buoyant force to ensure the 220 N of positive buoyancy is maintained.

An assessment of the passive floats free-body diagram illustrated in Figure 35 provided
an initial estimate of the additional trim weight and foam required to ensure the major
axis of the passive float is horizontal when it is in the stable equilibrium position. The
SolidWorks analytical tools were used to determine the positive and negative buoyant
forces acting on the float and the location of the forces. A value of 20 N was assumed for
the trim weight (Frw) and trim foam (Frr). Equation 5.19 represents the sum of the
moments about the centerline of the guide tube for the stable equilibrium position. Using
the variables from the free body diagram listed in Table 8, the location of the trim weight
(L1) that produce a 0 N-m moment was determined to be 283 mm from the centerline of

the guide tube on the empty shell side of the passive float.

. L, L
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Figure 35 Passive float free-body diagram
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FTWLl + FFCLZ + FTFL3 + FSTL4 + FCTLS == O (5 19)

Table 8 Passive float free body diagram variables and solution

Force due to trim weight, Frw -20N
Force due to trim foam, Fre 20N
Force due to foam core, Fec 261.2 N
Force due to sheave and tube structure, Fst -15.3N
Force due to sheave and cable tension, Fct -220N
Force due to shell, Fs -259N
Distance from centerline to Frr, L2 140 mm
Distance from centerline to Frc, L3 144 mm
Distance from centerline to Fsr, L4 90 mm
Distance from centerline to Fcr, L4 203 mm
Distance from centerline to Frw, L1 289 mm

5.3.4 Buoyancy and Stable Equilibrium Verification of the Passive Float

The buoyancy of the passive float was determined using the same method as for the
sensor float as described in section 5.1.4. The initial verification indicated that the passive
float produced 198 N of positive buoyancy. To trim the passive floats buoyancy to 214.5
N (220 N in sea water) 2.2 x 10 m® (16.5 N) of HCP50 foam was added. They were
added in the form of two 1.1 x 102 m® rings as shown in Figure 36. The rings are
designed to fit tightly within the lower through-hole on the passive float and they have a

sloped surface to encourage air escapement.

To verify the stable equilibrium position of the passive float a simple jig was designed
and fabricated to allow the float to be submerged in the deep tank by cable tension acting
on the sheave to simulate the submerged conditions when incorporated into the profiler

system. Figure 37 illustrates the deep tank set up using the jig. The jig is position at the
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bottom of the tank with one end of a cable anchored to it. The cable first passes through
the sheave on the passive float and then through a sheave on the jig. The jig cable anchor
point and the jig sheave are positioned such that the cable engages the sheave on the
passive float vertically. The cable is then anchored to a point above the surface such that
the passive float is completely submerged. The tension in the cable is generated by the

buoyancy of the passive float.

— Sloped surface

Figure 36 Passive float trim ring with sectioned view indicating the sloped surface

Surface cable anchor point

Passive float

Cable

Jig cable anchor point Jig sheave

Not to scale

Figure 37 Passive float stable equilibrium verification set up
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The verification of the initial equilibrium position of the passive float demonstrated that it
was tilted approximately 28° as shown in Figure 38. Another jig was designed and
fabricated to attach to the guide tube at the top of the passive float to measure the tilt and
to help fine tune the equilibrium position. A single axis tilt indicator attached to the jig
measures the inclination and a symmetrically mounted t-slot bar allows for the variable
positioning of a mass to alter the equilibrium position. Symmetric construction and

mounting of the jig are critical in order to not introduce other tilt inducing moments onto

the passive float.

Figure 38 Initial equilibrium position of Figure 39 Corrected equilibrium position
the passive float, 28° tilt of the passive float

The moment required for the passive float to achieve the required stable equilibrium
position can be determined from knowing the magnitude and relative position of the
weight that produces a 0° tilt. Figure 39 shows the passive float in the required stable
equilibrium position (0° tilt). This position was attained by placing a 10.4 N weight, 352
mm from the centerline of the guide tube. This equates to a 3.66 N-m moment about the
centerline of the guide tube (minor axis of the float).
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To correct the stable equilibrium position of the passive float, a 3.66 N-m moment was
generated by adding a weight to the hollow section and additional foam to the sheave
section. As indicated in Section 5.3, when adding weight to correct the stable equilibrium
position, foam with a buoyant force of equivalent magnitude must also be added to ensure
the required buoyancy of the passive float is not altered. The design of the passive float
restricts the position of additional foam to the through-holes. Therefore, the location of
the weight had to be determined. Based on the moment diagram in Figure 40, Equation
5.20 was used to determine that a 10.4 N weight must be symmetrically located 212 mm
(Lo) from the centerline of the guide tube along with two 5.2 N (6.8 x 10 m®) foam rings

positioned in the through-holes.

10.4 N
A F
oam

= 140 mm ——

V104N
Weight
Centerline

Figure 40 Passive float moment diagram to calculate weight position

104N x014m+ 104N X Lo =3.66 N-m (5.20)
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A 10.4 N lead weight was secured to the inside wall of the passive float at a distance of
212 mm from the centerline of the guide tube, and two 6.8 x 10 m® (10.4 N total) foam
rings were positioned in the through-holes. The result was a passive float with 214.5 N
(220 N salt water) of buoyant force, and the major axis horizontal (0°) in the stable

equilibrium position.

5.4 Main Body Design

The main body of the profiler illustrated in Figures 41 and 42 consists of the buoyancy
engine, the power supply, the frame, and the trim foam. Details of each of these

components is provided in the subsequent sections.

Trim
foam

Buoyancy
engine

Figure 41 Profiler main body design
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Figure 42 Profiler main body - Orthographic projections with dimensions
5.4.1 Buoyancy Engine Module

The purpose of the buoyancy engine is to adjust the buoyancy of the main body. This is
accomplished by pumping an incompressible fluid from a reservoir within the enclosure
to a bladder outside of the enclosure. A buoyancy engine was chosen as the method of
propulsion based on its successful use in other profiling systems such as Argo floats and
gliders (Davis, Eriksen, & Jones, 2003). The hydraulic components required to build the
system are used reliably in various industrial applications and are readily available. The
hydraulic diagram representing the buoyancy engine designed for the profiler is
illustrated in Figure 43. It consists of the following components.
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1. An internal reservoir to store hydraulic fluid

2. A motor and pump to push hydraulic fluid through the system

3. Check valves to restrict flow to a single direction

4. Solenoid valves to control flow through the system

5. An accumulator to store hydraulic energy

6. A pressure relief valve to protect the system

7. An expandable/collapsible external bladder to store hydraulic fluid

8. Tubing to connect components and direct hydraulic fluid through the system

Tubing/hose *

1
2/2 NC \ i
solenoid valve i
|
i mall AN v
(o] i ? O OO

Return line
‘ to reservoir

Reservoir 3/3: NC
— solenoid valve
I ~
L \ Check
valve
I% Pressure @\
Motor and pump relief valve Accumulator

_______________________________________________________________

* Dashed red box represents encloses the components that are enclosed within the subsea enclosure

Figure 43 Buoyancy engine hydraulic circuit
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This particular arrangement of hydraulic components allows the profiler to operate
through the ascent and descent cycle while only requiring hydraulic fluid to be pumped
into the external flexible bladder to ascend. At the top of the ascent, the bladder will be
located approximately 10 m below the surface. At this depth, there is approximately 1 bar
of gauge pressure acting on the exterior of the bladder. The internal reservoir will be at
approximately 0 bar (gauge). This pressure differential will cause the oil to flow from the
bladder to the reservoir when a pathway is opened. Eliminating the requirement to pump

the oil back into the reservoir reduces the energy requirement of the profiler.

5.4.1.1 Operation of the Hydraulic Circuit

To initiate the profiler’s primary ascent from its hibernation position at the bottom of the
mooring line the pump begins to pressurize and fill the bladder. The pressure required is
equivalent to the pressure generated at the submerged depth of the bladder; approximately
one bar for every ten meters. No power is supplied to the solenoid valves during the

initial ascent therefore they maintain their normally closed (NC) state. The check valves
and solenoid valves direct the high pressure oil into the bladder and accumulator. The
high pressure lines and components of the hydraulic system are highlighted red in Figure

44,
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Bladder

Y
=

Accumulator

Figure 44 Hydraulic circuit during the primary ascent with the high pressure
lines and components highlighted red

Once the required quantity of oil has been pumped into the bladder, the profiler will
continue through the primary ascent and then through the secondary ascent to allow the
sensor float to breach the surface. At this point the pressure in the bladder and connected
tubing has decreased to an intermediate value since it depends on the external water
pressure which is now approximately 1 bar (gauge). The oil is trapped in the bladder by a
check valve, the pilot operated check valve, and the de-energized 2/2 NC solenoid valve.
A check valve and the de-energized 3/3 NC solenoid valve trap high pressure oil in the
accumulator. The oil pressure in the accumulator maintains a high pressure because the

valves isolates it from the bladder pressure. The intermediate and high pressure lines and
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components in the hydraulic circuit are highlighted orange and red, respectively in Figure

45.

/[J Pilot operated
Bladder check valve

2/2 NC Check i § °
solenoid valve valve

3/3NC
solenoid valve

Check

valve @\

Accumulator

Figure 45 Hydraulic circuit after completion of the primary and secondary
ascent with the intermediate (orange) and high pressure (red) lines and
components highlighted

To allow the profiler to descend back to it hibernation position at the bottom of the
mooring line, the oil in the bladder is drained back into the internal reservoir. This is
accomplished by using the hydraulic energy stored in the accumulator to open the pilot
operated check valve via the 3/3 NC solenoid valve. Energizing the left side of the
solenoid valve allows the high pressure fluid in the accumulator to flow through to the

pilot operated check valve. The high pressure in the pilot opens the check valve which
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opens a pathway to allow the intermediate pressure fluid in the bladder to flow back to the
internal reservoir. It is not necessary to keep the solenoid valve energized until the
bladder is completely drained. This is another energy economizing feature of the
hydraulic circuit. Deenergized, the solenoid returns it to the closed position trapping the
high pressure fluid in the pilot. This keeps the pilot operated check valve open to allow
the bladder to continue draining. Therefore, the solenoid only needs to be temporarily
energized. The intermediate pressure and the high pressure lines and components in the

hydraulic circuit are highlighted orange and red, respectively in Figure 46.

/ ( J Pilot operated
Bladder / check valve
Return line to

—

A

R reservoir
Pilot 2%
o \ LL

wa  MHNaw

3/3NC
solenoid valve

N

Figure 46 Hydraulic circuit when draining the bladder with the intermediate
(orange) and high pressure (red) lines and components highlighted

Accumulator
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When the profiler has descended back to the bottom of the mooring the pilot operated
check valve is still being held in the open position due to the high pressure oil trapped in
the pilot line. Oil will be pumped back into the reservoir rather than the bladder on the
next ascent cycle if the pilot operated check valve is not closed. The pilot operated check
valve is closed by relieving the pressure in the pilot line. Temporarily energizing the right
side of the 3/3 NC solenoid valve opens a pathway for the high pressure oil to flow back
to the internal reservoir. This reduces the pressure in the pilot and results in the pilot

operated check valve closing. The low pressure pilot line and components are highlighted

in green in Figure 47.

O Pilot operated

/ check valve

CF_1 6
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@ reservoir

Figure 47 Hydraulic circuit to relieve pressure from the pilot operated check
valve

S
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The hydraulic circuit also allows for a redundant emptying process which is achieved by
pumping the oil out of the bladder and back into the internal reservoir. Reversing the
rotation of the bi-directional pump reverses the direction of flow. To drain the oil from
the bladder via the pump, it needs to be rotated in the opposite direction and the 2/2 NC
solenoid valve must be energized to allow the flow to bypass the check valve. This
method requires the solenoid valve and pump to be powered until the bladder is
completely empty. Since this is a much more energy intensive process, it is only intended
to be used for emergency and testing purposes. The intermediate pressure lines and

components of the hydraulic circuit are highlighted orange in Figure 48.

v

2/2 NC Check
solenoid valve valve

Reservoir

=D

Motor and pump

Figure 48 Hydraulic circuit to pump oil from the bladder to the reservoir



5.4.1.2 Buoyancy Engine

The final design of the buoyancy engine is shown in Figure 49. Detailed fabrication
drawings are available in Appendix B, pages 324-350 and 392-393, and Appendix E,
pages 417-426. Aside from the external bladder, the hydraulic and electronic/electrical
components of the buoyancy engine are contained and protected inside the subsea
enclosure. Two bulkhead connectors on the bottom of the enclosure allow for a
connection to the electromechanical cable and the power source. A bellow type bladder is

connected at the top of enclosure where it is constrained and protected by a cage.

Bladder
cage

Bladder

Subsea

/ enclosure

Hydraulic
system

|< ~400 mm >

Figure 49 Buoyancy engine with enclosure sectioned and hydraulic system separate
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The buoyancy engine was designed through a systematic process similar to the other
subsystems of the profiler. First, the components identified in the hydraulic diagram were
sourced and purchased from vendors, or designed and fabricated. Next the off-the-shelf
components were modeled in SolidWorks and arranged together with the designed
components in free space to form the final assembly. Then the hydraulic system was
assembled and tested to verify its operation. Finally, the subsea enclosure was sized such

that the hydraulic system could be adequately contained within it.

5.4.1.3 Hydraulic Components

5.4.1.3.1 Hydraulic Pump and Motor

The pump chosen for the hydraulic system was a Takako TFH-40 bi-directional, inline
axial piston pump. The specifications and performance curve for the TFH-40 pump can
be found in Appendix A, pages 215-217. An axial piston pump was chosen in order to
economize energy consumption. Axial piston pumps are capable of operating at a high
pressure with a high overall operational efficiency (Eaton Fluid Power Training, 2010).
As indicated by the performance curve, the TFH-40 has a maximum overall efficiency of
85% when operating at 100 bar. When operating at the expected 20 bar (~200 m) the

overall efficiency is 67%.

The TFH-40 pump was also selected based on its small size. The linear dimensions of the
pump are 77 mm x 30 mm x 30 mm. Compare to axial piston pumps typically used in

other industrial application, the TFH-40 is diminutive. The small physical size of the
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pump minimizes the space required for the hydraulic system and subsequently the subsea

enclosure.

The small physical size of the pump also translates into a small volumetric displacement.
The TFH-40 pump has a volumetric displacement of 0.4 cm?® per revolution. The
volumetric displacement along with the mechanical efficiency and maximum operating
pressure results in a maximum input torque specification of 0.9 N-m. This torque can be
produced by a small direct drive DC motor. A pump requiring a higher torque would need
to use a motor with a gear reduction. The gear reduction would decrease the systems

efficiency and therefore require more power.

The motor that drives the pump must be able to deliver the torque and power required by
the pump. The input torque (M) required by the pump is determine from Equation 5.21
(Hatami , 2013). It is dependent on the pumps volumetric displacement (V), the operating
pressure (p), and the mechanical efficiency (nm).

159V p

5.21
100 - 0,y ( )

The input power (P) required by the pump is determined from Equation 5.22 (Hatami ,
2013). It is dependent on the pumps flow rate (Q), the operating pressure (p), and the

overall efficiency (no).

P=600_n0 (5.22)
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The pump flow rate (Q) is determined from Equation 5.23 (Hatami , 2013). It is
dependent on the volumetric displacement (V), the operating speed (N), and the
volumetric efficiency (nv).

_V-N-n,

0= 1,000 (5.23)

Based on an operating pressure of 20 bar (~200 m), and applying the THF-40 pump
specification, the torque and power required by the pump are 0.18 N-m and 39.8 W,

respectively. Table 9 summarizes the variables for, and the results from Equations 5.21,

5.22,and 5.23.

Table 9 THF-40 pump input torque and power requirements

Operating pressure, p 200 bar
Volumetric displacement, V| 0.4 cm®
Pump speed, N 2,000 RPM
Mechanical efficiency, nm 67 %
Volumetric efficiency, nv 100%
Overall efficiency, no 67%
Pump flow rate, Q 0.8 I/min
Input Torque, M 0.18 N-m
Input Power, P 0.398 kW

Through consultation with technical personnel at Anaheim Automation the BLWS234D-
36V-4000 brushless DC motor was selected to power the hydraulic pump. The
specification sheets for the motor is available in Appendix A, pages 218-219. The rated
voltage, speed, power, and torque of the motor are 36 V, 4,000 RPM, 134 W, and 45.32

0z-in (0.32 N-m), respectively. The application for the hydraulic system requires the

83



pump to run at a maximum voltage of 24 VDC and at a maximum speed of 2000 RPM.
The Torque vs. Speed plots displayed in Figure 50 indicates that at 24 VVDC the motor can
deliver the required 0.18 N-m (25.5 oz-in) of torque at a speed of 2800 RPM. The speed
of a DC motor decreases with an increase in torque (Guru & Hiziroglu, 1995). Therefore,
the selected motor will have additional torque capacity when operating at 24VVDC and
2000 RPM. Extrapolation of the 24 VDC Torque-Speed line to the 2000 RPM point gives
a torque of 1.17 N-m (165 oz-in). This is more than sufficient to deliver the 0.26 N-m
(36.8 0z-in) of torque required by the pump if operating at 30 bar (~300m) of pressure. As
well, the torque required from the motor is less than the rated torque of 0.32 N-m (45.32

oz-in). Therefore, the motor can run continuously without overheating.

Through interpolation between the 24 VDC and 12 VDC Torque-Speed lines, it was
determined that the voltage at the 2000 RPM and 0.18 N-m (25.5 oz-in) point is 18 VDC.
Given the torgque constant for the motor is 8.5 0z-in/A the motor is expected to draw 3 A
to deliver a torque of 0.18 N-m (25.5 oz-in). The resulting power required by the motor
will be 54 W. As indicated earlier, the power required by the pump is 39.8 W therefore
the motor is operating at 73.7% efficiency. Ideally a brushless DC motor with a better
efficiency would be used. Brushless DC motors are capable of efficiency in the range of
85%-90% (Telco Intercontinental Corp., 2016). A more exhaustive search or purpose-
built motor could improve the efficiency. A 90% efficient DC motor would only require

44.2 W to power the pump when delivering 20 bar of pressure.
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Figure 50 BLWS234D-36V-4000 torque vs. speed plot with 25.5
0z-in, 2000 RPM, and 18VDC lines (solid red) added (Anaheim
Automation, 2016)

Figure 51 illustrates the motor and pump assembly for the hydraulic system. Three key
components aside from the pump and motor are the manifold, the shaft coupling, and the
encoder. The THF-40 pump is not supplied with a manifold for directing the flow out of
or into the pump. The manifold shown was designed and fabricated to accept hydraulic
fittings to connect the inlet, outlet, and drain line of the pump to the hydraulic system.
The flexible helical shaft coupling joins the motor to the pump. The Ruland PCR12-1/4"-
6MM-H shaft coupling accommodates parallel (0.20 mm), angular (3°), and axial (0.13
mm) misalignment between the shafts. The 0.79 N-m torque and 6000 RPM speed rating

meet the demand from the application. The coupling also produces no backlash therefore
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it can be used for encoder applications. The detailed product specification sheet for the
shaft coupling is available in Appendix A, page 220. The CUI Inc. AMT110 Modular
Incremented Encoder is mounted to the shaft at the bottom of the motor. The encoder
monitors the speed, position, and number of revolutions of the shaft. This data is used by
the RoboteQ SBL1330 motor controller to control the speed of the motor. The product
data sheets for the encoder and controller are available in Appendix A, pages 221-228.
Controlling the motor speed and duration determines the volume of oil pumped. The flow
of a positive displacement pumps is dependent on the volumetric displacement and is
independent of pressure (Eaton Fluid Power Training, 2010). This characteristic allows
control of the total pumped volume by dividing the required volume by the volumetric
displacement to determine the number of revolutions required from the motor/pump.

Once the count equals the number of revolutions, the motor is stopped.

Manifold
Pump Mounting
bracket
Shaft
coupling
Motor
T
Encoder
v
f<— ~150 mm —>]

Figure 51 Pump and motor assembly
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5.4.1.3.2 Hydraulic Oil Selection

The TFH-40 pump specifications indicate that the acceptable viscosity range of the fluid
is 15 to 370 cSt while the suitable viscosity range is 20 to 160 cSt. This information was
used to select the hydraulic oil for the profiler. The oil selected is ISO 15 Bio-MIL-PRF-
32073 from Renewable Lubricants. The product data sheet is available in Appendix A,
pages 231-232. The viscosity specifications for the oil are 170 cSt at -15°C, 14.18 ¢St at
40°C, and 3.81 cSt at 100°C. The specified operating temperature range for the profiler is
-5°C to 30°C. To verify the viscosity at these temperatures the specification points for the
oil were plotted with a vertical viscosity axis in the logarithmic scale (Figure 52). The
logarithmic scale causes the characteristic curve for most hydraulic fluids to become
linear (Hunt & Vaughan, 1998). The plot indicated that the oil viscosities for -5°C and
30°C are 108 and 22 cSt, respectively. These values are within the suitable viscosity
range for the TFH-40 pump. Aside from meeting the viscosity specifications, the selected
oil is a biodegradable biosynthetic fluid intended for use in environmentally sensitive
areas. Given the fact that the profiler will be operating in a marine environment,

practicing sound environmental stewardship is a responsibility.
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Figure 52 Bio-MIL-PRF-32073 temperature vs. viscosity plot

5.4.1.3.3 Hydraulic Valves Selection

The valves in the hydraulic system were selected based on their compatibility with the
viscosity range of the oil (108 cSt to 22 cSt) and their ability to function at the operating
pressure (20 bar) and flow rate (0.8 I/min) of the of the pump. The solenoid valves were
also selected against the additional criteria of the operating voltage (24 VDC maximum).

All the valves were selected from the Hawe Hydraulik product line. Poppet style valves

were chosen over spool valves to guarantee against internal leaks within the valve

(Parambath, 2016). An internal leak could result in the accumulator depressurizing and

thus become unable to activate the pilot operated check valve to drain the bladder.
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The specification sheets for the valves used in the hydraulic system are available in

Appendix A, pages 233-243. The valves used in the hydraulic system are as follows.

e One MV41 F R-250 pressure relief valve. The valve can operate at 700 bar with a
flow through of 20 I/min. The pressure relief is set at 25 bars and can be manually
adjusted from 0-80 bar. The optimal viscosity range of the oil is 10 cSt to 500 cSt.

e Three B2-1 check valves. The valves can operate at 500 bar and a flow through of
15 I/min. The optimal viscosity range of the oil is 10 to 500 cSt. The valve
opening pressure is 0.4 - 0.5 bar therefore it will function under the minimum
expected system pressure of 1 bar (~10 m) which is during the draining process.

e One G 21-0-1/4-G24 directional control 3/3 normally closed solenoid valve. The
valve can operate at 500 bar and a flow through of 6 I/min. The optimal viscosity
range of the oil is 10 to 200 cSt. The solenoid operates on 24 VDC and has a 16 W
maximum power consumption.

e One G R2-0-1/4-G24 directional control 2/2 normally closed solenoid valve. The
valve can operate at 500 bar and a flow through of 6 I/min. The optimal viscosity
range of the oil is 10 to 200 cSt. The solenoid operates on 24 VDC and has a 16 W
maximum power consumption.

e One RH-2 pilot operated check valve. The valve can operate at 700 bar and a flow
through of 35 I/min. The optimal viscosity range of the oil is 10 to 500 cSt. The
volume of oil required to fully open the valve is 0.25 cm?®. Since the valve is

opened to drain the bladder when the profiler is at the top of the mooring line the
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conservatively estimated pressure in the line connected to the valve is 2 bar. A
worse case scenario could put the line pressure at 5 bar (pa). This will require a
pilot pressure of 13 bar to initially open the pilot operated check valve (Figure
53). The 13 bar (opening pressure is less than the 20 bar that can be generated and
stored in the accumulator when at 200 m depth. Therefore, the valve is adequate
for the hydraulic system. To keep the valve fully open a pilot pressure (pst) of 10.6
bar is required as determined by Equation 5.24 (Hawe Hydraulik, 2017). It is
dependent on the outlet pressure (ps), the pressure drop across the valve (Ap), and
the pressure constant of the valve (k). The valve specifications for the pressure
drop and pressure constant are 0.5 bar and 10 bar, respectively. An outlet

pressures of 0.1 bar is based on a maximum expected hydrostatic head of 1m.
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Figure 53 RH-2 pilot pressure vs. line pressure with the 2 bar line
pressure overlay (Hawe Hydraulik, 2017)
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5.4.1.3.4 Accumulator Selection

The accumulator for the hydraulic systems was selected based on its ability to deliver
0.25 cm? of oil at a pressure of 13 bar to the RH-2 pilot operated check valve. The
compatibility with the viscosity range of the oil (22 to 108 cSt) and the ability to function
at the operating pressure (20 bar) were also considered. A Hawe Hydraulik AC13-10
miniature accumulator was selected. The AC-13-10 is a diaphragm style accumulator
with a rated volume of 13 cm? and a nitrogen pre-charge pressure of 10 bar. The

specification sheets for the accumulator are in Appendix A, pages 244-245.

To verify that the AC-13-10 miniature accumulator is capable of operating the RH-2
check valve its 13 cm?® rated volume specification was compared against the required

rated volume (Vo) determined from Equation 5.25 (Sizing Accumulators, 2013).
AV

Do 1/n _(Po 1/n

(pl) <p1)

The rated volume depends on several factors. The amount of oil required from the

accumulator (AV) is the 0.25 cm? of oil demanded by the pilot operated check valve. The
minimum working pressure (pz1) of the accumulator is the 13 bar of pressure required to
open the pilot operated check valve. The maximum working pressure (p2) of the
accumulator is the 20 bar of pressure developed by the pump when the profiler is at its
nominal operational depth (200 m). A pre-charge pressure (po) of 10 bar was selected

based on the suggested criteria of being less than 90% of the minimum working pressure.
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The gas expansion process (n) is 1.4 based on an expected adiabatic process due to the

fast change in volume when opening the pilot operated check valve.

Based on the variables listed and summarized in Table 10, 1.42 cm?® is the required rated
volume of the accumulator. This is less than the 13 cm® available, therefore the AC 13-10
is adequate for the system. Using the same assessment formula, it was determined that
13.6 bar (136 m) is the minimum operating pressure that the accumulator can operate the
pilot operated check valve. The specifications for the AC 13-10 product line also
indicates that for an adiabatic process the maximum working pressure should not exceed
three times the minimum working pressure. Given the minimum working pressure is 13
bar the maximum working pressure should not exceed 39 bar. The maximum operating
pressure of the profiler is 30 bar (~300m). Therefore, the maximum working pressure will

not exceed its limit.

Table 10 Accumulator rated volume variables and results

Qil required from the accumulator, AV | 0.25 cm®
Accumulator pre-charge pressure, po 10 bar
Minimum working pressure, p1 13 bar
Maximum working pressure, p2 20 bar

Gas expansion process, n 1 (adiabatic)
Pressure ratio, p2/p1 1.54
Correction factor, Ca 1.25

Rated Volume, Vo 1.42 cm®
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5.4.1.3.5 Pilot Operated Check Valve and Accumulator Design

The RH-1 pilot operated check valve identified in Sections 5.4.1.3.3 is not suitable for
low pressure bench testing and shallow water field trials planned for water depths of 25 to
50 m. The 11 bar minimum cracking pressure of the check valve is greater than the 5 bar
of pressure that will be produced by the pump when the profiler is at a depth of 50 m. Due
to the typical high pressure application of hydraulics, there were limited options for a

replacement pilot operated check valve with a suitable cracking pressure.

The pilot operated check valve was replaced with a Versa two way, normally closed,
BSP-208 pilot operated check valve for bench testing and field trials. The specification
sheets for this valve is available in Appendix A, page 246. The valve is suitable for
hydraulic applications where the pressure does not exceed 34.5 bar (500 psi). A pilot
pressure of 2.5 bar (36 psi) can open the valve with a line pressure up to 13.8 bar (200

psi), therefore the valve is suitable for a 25 m deep (or greater) field test.

The Versa valve requires 18.4 cm® (1.12 in®) of oil to fully open which is a greater
quantity than the 13 cm?® capacity of the AC-13 accumulator. Therefore, another
accumulator was required to meet the demand of the Versa valve. Again, due to the
typical high pressure application of hydraulics there were no options identified for an off-
the-shelf replacement accumulator. The lowest minimum pre-charge pressure of an off-
the-shelf accumulators was 5 bar. This value is greater than the 2.5 bar (~25 m)

operational pressure therefore the accumulator would not be able to store any hydraulic
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energy. A custom spring loaded accumulator was designed and fabricated for bench

testing and shallow water field trials.

The custom accumulator design is illustrated in Figure 54. The designed required
selecting a piston with the appropriate bore, stroke, and return spring rate to supply the
required amount of oil at an adequate pressure to the pilot. It consists of a single acting
hydraulic cylinder which was custom ordered without the internal return spring. An
external sleeve was designed to thread onto the body of the cylinder to preload a
compression spring and engage it with the cylinder’s piston. As oil is pumped into the
cylinder the spring compresses and hydraulic energy is stored for use with the pilot
operated check valve. This design is capable of delivering 18.4 cm® (1.12 in®) of oil at a
pressure of 1.4 bar (20 psi) or greater when the profiler operates at a depth of 25 m.
Therefore, it is suitable for low pressure bench testing and a minimum shallow water field
trial of 25 meters. Details of the design calculations are available from the Custom
Accumulator Worksheet in Appendix C, pages 403-405. Specifications for the Vektek
cylinder and McMaster-Carr spring are available in Appendix A, pages 247-249.

Fabrication drawings for the parts are available in Appendix B, pages 347-348.

It should be noted that the custom accumulator and Versa pilot operated check valve are
not adequate substitutions for the originally selected accumulator and pilot check valve
during regular operations. The 18.4 cm?® of oil required by the Versa pilot operated check
valves is 73.6 time greater than the Hawe (0.25 cm?®). Therefore, it would require ~75

times more hydraulic power to operate.
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Figure 54 Custom accumulator assembly with sleeve sectioned

5.4.1.3.6 Oil Reservoir Design

The oil reservoir shown in Figure 55 was designed to hold 7.5 litres of pumpable oil.
Pumpable oil refers to the quantity of oil above the protruding reservoir outlet to the
pump. This protrusion into the reservoir helps to mitigate the risk of contaminates
entering the system since they will tend to settle on the bottom below the level of the
outlet. Three ancillary components of the reservoir are the filter unit, oil level sensor, and
the breather vent. Detailed fabrication drawings for the hydraulic reservoir and breather

vent are available in Appendix B pages 336-342.
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Figure 55 Hydraulic reservoir with the sidewall sectioned

5.4.1.3.6.1 Filter Unit Selection

An oil filter is required to protect the hydraulic system. The filter unit is located in the
return line at the top of the hydraulic reservoir. All of the hydraulic oil passes though the
filter before returning to the reservoir. If contaminates are not removed from the oil it can
cause wear and damage of components and block flow creating a loss of lubrication. The
results cause a degradation of system and component performance or outright system

failure (Eaton Fluid Power Training, 2010).

The filter unit selected was a Donaldson K040811. It was chosen based on its ability to fit

the reservoir and to house the required filter element. The filter element was selected
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based on the requirement of the axial piston pump. The pump is the system component
most sensitive to contamination. The recommended 1SO 4406 contamination code for an
axial piston pump is 18/16/14 (Donaldson Company, Inc., 2017). ISO 4406 expresses the
degree of oil contamination, and the 18/16/14 designation indicates the quantity of
particles greater than 4 um, 6 um, and 14 um in one millilitres of oil. The filter element
selected to satisfy the filtration requirement was a Donaldson Synteq Synthetic P171525.
The filter has a beta performance rating of B11) = 1000 as per ISO 16889 test standards
(99.9% of particles >11 um removed). It is suitable for the application because it exceeds
the B12c) = 1000 synthetic filter performance. This is indicated by the red overlaid
18/16/14 line in the application guideline chart being above the Bi() line, as illustrated in
Figure 56. The filter element also has B<a) = 200 and B1o) = 200 performance ratings
which satisfies the B7()= 200 and B1o() = 200 recommended performance ratings for axial
piston pumps (Donaldson Company, Inc., 2017). The specification sheets for the filter

unit and element are available in Appendix A, pages 250-256.
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Application Guide for Donaldson Synthetic Filter Media
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Figure 56. Filter application guideline chart
(Donaldson Company, Inc., 2017).

5.4.1.3.6.2 Custom Breather Vent Design

The profiler’s hydraulics system uses an open reservoir design. The open design means
that it must be able to exchange the air in the reservoir with air outside the reservoir for
the oil to flow properly. As oil is pumped out of the reservoir air needs to be let in, and as
oil is drained back into the reservoir air needs to be let out. Otherwise, an excessive
vacuum pressure that exceeds the suction pressure of the pump can form while pumping
oil out. Excessive positive pressure that equals the flow generating bladder pressure can

develop when draining oil back in the reservoir causing the flow to stop.
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The filter unit selected for the profiler has a filtered breather vent that is incorporated into
the design. Unfortunately, this breather vent does not keep oil from leaking out of the
reservoir if the breather vent is located below the oil level of the reservoir. Typical
hydraulic applications would not subject the breather vent to such a condition. However,
it is reasonable to assume the breather vent for the profiler application could be subject to
this condition. The profiler is expected to be transported and stored in a horizontal
position. During deployment it could experience excessive tilting and motion that sloshes

the oil in the reservoir.

The breather vent built into the filter unit was capped and a custom breather vent was
designed using a Gore Polyvent XL PMF200542. The specifications are available in
Appendix A, pages 257-258. The intended industrial application is for equalizing the
pressure in outdoor electronic enclosures while keeping out exterior contaminates such as
oil. The vent consists of an oleophobic expanded polytetrafluoroethylene membrane
housed and protected in a sealable cap (Figure 57). The membrane repels and prevents the
penetration of oil while allowing air to pass through it. The model selected allows a
maximum of 16 I/min to pass through it at a pressure differential of 0.012 bar. Based on
the pumps specified flow rate of 0.8 I/min and a minimum suction pressure of -0.1 bar

(gauge), the vent is suitable for the application.

The vent must be installed such that proper side of the membrane is exposed to the oil.

For the reservoir the vent must be installed such that the face with the O-ring is against an
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interior surface of the reservoir. To keep the vent out of the splash zone it was mounted to

the reservoir in a snorkel to position it above the top of the reservoir (Figure 55).

GORE™ Membrane

0.2
0.4

22.7 1%
13

O-Ring 55x3.2

M32x1.5DIN13-22 65 |

Units are in mm @75

Figure 57 Gore Polyvent XL PMF200542 sectioned
view (GORE, 2016)

To verify the performance of the custom breather vent the reservoir was filled with 8 | of
oil and held in a horizontal position. The reservoir was also orientated such that the
breather vent was at the lowest point and completely submerge below the oil. After a 64

hours there was no leakage visually detected.

5.4.1.3.6.3 Oil Level Sensor Selection

The oil level in the reservoir is a critical parameter to monitor. The oil level is directly
related to the quantity of oil in the reservoir. If the amount of the oil in the reservoir is
known, then the quantity of oil in the external bladder can be determined. It can also be
used to detect system leaks if there is a change in level over time. The oil level sensor
chosen is a Gill 4233-2TN-390-B capacitance liquid level sensor. It was selected based on

its compatibility with the hydraulic oil being used, the operational voltage, a low power

100



consumption, and its dimensions are configurability to fit the reservoir. The specifications
for the sensor are available in Appendix A, pages 259-261. As noted in the specifications,
the lower 8mm of the probe does not have a linear relationship. Therefore, the length of
the probe was configured such that when it is installed in the reservoir the non-linear
section of the probe is positioned below the outlet to the pump. The oil can not be

pumped below this level; therefore, all the sensor readings will be in the linear range.

To use the liquid level sensor to determine the volume of oil in the reservoir its voltage
output was calibrated against the volume of oil in the reservoir. This was done
empirically by varying the quantity of oil in the reservoir and plotting the volume of oil
versus the output reading of the sensor. The volume was determined from the oil’s
specific gravity and the mass of oil in the reservoir. The volume is equal to the mass
divided by the density. Based on the 0.88 specific gravity specification, the density of the

oil is 880 kg/m3. The mass of the oil was determined from a bench scale.

To collect the data required for the calibration plot, the empty reservoir was place on a
scale and zeroed. Then the reservoir was filled with oil until the sensor reading was close
to 100% full reading. The mass, voltage, and sensor level were recorded at this point.
Increments of approximately 250 ml of oil were drained from the reservoir into a
graduated beaker. After each increment, the mass, voltage, and sensor level were
recorded. The mass values were converted to volume, and the sensor voltage and level
readings were plotted against the reservoir volume (Figure 58). The plot indicates the

relationship between the volume of oil in the reservoir and the voltage output from the
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sensor. The equation of the linear line of best fit for the voltage versus the volume plot is,

y = 1.713x + 0.172; where the reservoir volume is y and the sensor voltage is X.

Sensor Voltage and Level vs. Volume

Level (%)
0 10 20 30 40 50 60 70 80 90 100

y=1.713x+0.172
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Figure 58 Sensor voltage and level vs. volume plot

5.4.1.3.7 Hydraulic System Frame Design

To provide structure, rigidity, and support to the hydraulic system a simple frame was
designed (Figure 59). Detailed fabrication drawings are available in Appendix B, pages
324-335. The aluminum baseplate of the frame has through holes that allow it to be
securely connected to the bottom end cap of the enclosure and for wiring to pass through
it. A series of brackets attached to the baseplate provides a rigid mounting surfaces for the

hydraulic, electrical, and electronic components. The four threaded rods attached to the
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baseplate are also attached to an intermediate ring plate and an end ring plate to support
and secure the reservoir, and to provide rigidity. Rubber inserts on the periphery of the
plates fill the gap between the outside diameter of the frame and the inside diameter of the
enclosure. This constrains the lateral movement of the frame within the enclosure and

eliminates metal on metal contact between the frame and the enclosure.

End ring
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) Threaded rod
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ring plate

Rubber insert
Brackets

Baseplate
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Figure 59 Hydraulic system support frame

5.4.1.4 Bladder Design

The external bladder was custom fabricated by Aero Tech Laboratories (ATL). The
company specializes in the design and manufacture of bladder containment systems. They

have experience making bladders for subsea operations, gliders, and Argo floats. Their
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clients include Wood Hole Oceanographic Institute (WHOI) and Scrips Institute of
Oceanography (SIO). The design worksheets for the bladder fabricated by ATL is
included in Appendix D, pages 407-410. The final product was a bellows style bladder
with a capacity to hold 8 litres of hydraulic oil. The bladder is also furnished with an

SAE-4 ORB flange fitting for connecting it to end cap of the enclosure.

5.4.1.4.1 Bladder Cage Design

The bladder cage illustrated in Figure 60 is designed to contain and protect the bladder;
especially when it is in the inflated state. Detailed fabrication drawing for the components
are available in Appendix B, pages 389-392. The top plate constrains it from extending
past its inflation limit, and the rods keep it from excessively deviating off center which
could apply unwanted stress to the bottom flange and connection to the enclosure.
Threaded rods provide mechanical structure for the cage. The rods thread into the top
endcap of the enclosure and bolts onto the end plate of the cage. A PTFE sleeve covers
the exposed threads of the rods between the cap and end plate. All other surfaces that the
bladder could potentially contact are rounded, smooth, and fabricated from PTFE or Ultra
High Molecular Wight Polyethylene (UHMW). This minimizes wear and abrasion on the
bladder if it rubs against these surfaces during inflation and deflation or from oscillations

caused by moving water.
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Figure 60 Bladder cage design

5.4.1.5 Subsea Enclosure Design

The subsea enclosure is designed to contain and protect the hydraulic, electronic, and
electrical components. It was designed and fabricated by NV Mechanical Design based
on the tender specifications available in Appendix E, pages 412-416. The detailed
fabrication drawings for the subsea enclosure are also available in Appendix E, pages
417-426. The tender addresses the enclosures working environment, the seals, and the
securement of the end caps. It also provides details for threaded features required to
attach the bladder and bladder cage, the hydraulic system, and bulkhead connectors for

the electromechanical cable and power cable.
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One of the key specifications of the tender are the interior dimensions of the enclosure.
The interior dimensions define the volume of the enclosure. The enclosure must have a
sufficient volume to permit the pump to operate within its pressure limits, specifically the
suction pressure at the inlet. The inlet suction pressure specification for pump is -0.1 to

0.3 bar (gauge).

As oil is pumped out of the reservoir and into the bladder, the air pressure decreases in the
enclosure. This phenomenon is described by the ideal gas law (Equations 5.26). The law
is dependent on the pressure (p), volume (V), Temperature (T), number of moles (n), and
the ideal gas constant (R). Absolute pressure and temperature in degrees Kelvin must be
used with the ideal gas law. Since the enclosure is a sealed system, the quantity of air
does not change; i.e. n is constant. Therefore, the ideal gas law can be used to equate two

states (Equation 5.27).

pV = nRT (5.26)
piV1  p.V>
LT, (5.27)

In state 1 is the volume of air in the enclosure is at its minimum (no oil pumped into the
bladder). In state 2 the volume of air in the enclosure is at it maximum (7.5 litres of oil
pumped into the bladder). The enclosure must have a sufficient volume of air in state 1
such that the pressure does not drop below -0.1 bar (0.9 bar absolute) after the volume has
increased by 7.5 litres. It should also be assumed the enclosure would be sealed in an

environment at atmospheric pressure (1 bar absolute) and room temperature (293 °K).
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When the oil is pumped out, it could be in an environment where the temperature is as
low as 268 °K (-5 °C). Under these conditions, Equation 5.27 was used to determine that
450 litres of air space is required in the enclosure at state 1. The variables used are

summarized in Table 11.

Table 11 Enclosure volume calculation variables

Initial enclosure pressure, p1 1 bar (absolute)
Final enclosure pressure, p2 0.9 bar (absolute)
Initial enclosure temperature, T 293 °K

Final enclosure temperature, T» 268 °K

Initial enclosure volume, V1 V1

Initial enclosure volume, V> Vi+75I

It is not feasible or functional to use an enclosure that has an interior air volume of 450
litres. Therefore, it was decided to pressurize the enclosure in state 1 to reduce the volume
of air space required. Pressurizing the enclosure to 0.2 bar (1.2 bar absolute) results in a

more reasonable state 1 volume requirement of 34.1 litres.

The hydraulic system components that are housed in the enclosure require a minimum
space that is 240 mm in diameter and 994 mm high. Based on the SolidWorks analytical
tools, within this space the components occupy a volume of 12.7 litres. Therefore, the
minimum enclosure volume required is 46.8 |. The minimum dimension specification in
the tender for the enclosure were set to a 254 mm inside diameter and 1,000 mm inside
length. These dimensions produce an enclosure with a satisfactory internal volume of

47.1 litres.
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5.4.1.6 Hydraulic Tubing, Hoses, and Fittings

The majority of the high pressure plumbing used to connect the hydraulic components is

custom bent steel tubing to allow for a compact assembly. A high pressure hose was used

where flexibility was a requirement for ease of assembly; from the reservoir outlet to the

pump inlet; from the main return line to the filter inlet; and from the outlet to the bladder.

Flexible tubing was used to avoid fabricating complex rigid routes required for the pumps

low pressure drain line, and the low pressure pilot drain line. British Standard Parallel

Pipe (BSPP) and compression fittings were used to plumb the components together. A

model of the hydraulic system highlighting the components, and the type of plumbing and

fittings used is shown in Figure 61.
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Figure 61 Assembly model of the hydraulic system
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5.4.1.7 Buoyancy Engine Bench Testing

A series of validation tests were conducted on the buoyancy engine prior to installing it
within the enclosure. The first test was to verify the function and reliability of the
automatic drain feature using the accumulator to open the pilot operated check valve. The
second test was to observe the effects of temperature change on the flow rates, and the
power consumption of the pump. The third test was conducted to determine the pumps

output volumes for each rotational direction.

The bench testing used a double acting hydraulic cylinder to simulate the submerged
bladder (Figure 62). The cylinder was mounted vertically such that the rod end actuated
upwards when oil was pumped into the lower port, and the upper port was vented to
atmosphere. To simulate bladder pressure, lead weight was added to a plate attached to
the rod end. The weight required to develop a desired pressure is determined by
multiplying the pressure by the area of the cylinder bore. The mass is determined from
dividing the weight by the acceleration due to gravity. The bore diameter of the cylinder

is 50.8 mm (2 in.) and the stroke length is 152.4 mm (6 in.).

109



Buoyancy
engine

Lead
weight

Hydraulic
cylinder

‘ Ié ~250 mm —)|

Figure 62 Buoyancy engine bench test set up with hydraulic
cylinder simulating the bladder

5.4.1.7.1 Automatic Drain Functionality and Reliability Test

The test procedure listed below was followed to assess the functionality and the reliability
of the automatic drain feature. The procedure simulates a profile cycle from a depth of 25

meters (2.5 bar) to a depth of 10 meters (1 bar).

1. Place 50.6 kg of lead on the cylinder plate to simulate a pressure of 2.5 bar (~25 m

depth).
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2. Send a command to the pump to fill the cylinder with 0.3 litres of oil to raise the
lead weight by filling and pressurizing the accumulator.

3. Wait a minimum of 30 seconds.

4. Replace the 50.6 kg of lead on the cylinder plate with 30.3 kg to simulate a
pressure of 1 bar (~10 m depth).

5. Send a command to open solenoid one for one second to pressurize the pilot line
of the pilot operated check valve to cause it to open.

6. Wait until the cylinder completely drains to lower the lead weight.

7. Send a command to open solenoid two for one second to relieve the pressure on
the pilot line of the pilot operated solenoid valve to cause it to close.

8. Repeat steps 1-8.

The initial tests failed due to a failure to depressurize the pilot line which resulted in the
pilot operated check valve not closing. When the cycle was repeated, the oil would flow
directly into the reservoir rather than filling the cylinder. This issue was resolved by
plumbing the pilot drain line separately to the reservoir rather than through the same drain

line as the bladder.

With the new plumbing route for the pilot drain line implemented, the procedure was
successfully repeated two hundred times without any observed problems. The results
validated the functionality of the feature and provided confidence in the reliability. The
system was also able to drain automatically when a 50.6 kg mass was left on the cylinder

for the full cycle. This indicates that the automatic drain feature can function when the
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line pressure is 2.5 bar. 2 bar is the maximum line pressure expected due to variations in

the depth of the subsea buoy beyond 10 m.

5.4.1.7.2 Temperature Effects on Power Consumption and Flow Rate

The typical operating environment expected for the profiler during field tests is about
5°C. A decrease in temperature increases the viscosity of the oil, as demonstrated by the
plot in Figure 52. The viscosity of the oil affects the resistance to flow. The flow
resistance increases with an increase in viscosity due to higher frictional effects due to the
fluids resistance to shearing (Munson, Young, & Okiishi, 1994). This can result in
sluggish operation of the valves and an increase in energy consumption (Eaton Fluid

Power Training, 2010).

To observe the temperature effects on the hydraulic system, profiles were simulated using
the bench test setup in environments with four different temperatures, and four different
operating pressures. The ambient temperatures were 4.5°C, 10.5°C, 13.0°C, and 23.5°C.
The pressures were 0.98 bar (20.3 kg), 2.01 bar (41.5 kg), 2.88 bar (59.6 kg), and 3.73 bar
(77.0 kg). The pressure was limited to 3.73 bar due to the instability of the stacked

weights creating a safety concern.

During the pumping process, to raise the applied load, the current drawn by the motor
was recorded. The total drain time was also recorded. The drain time was measured from
the time the pilot line to the pilot operated check valve was pressurized to the time the

cylinder rod bottomed out. The tests were repeated three times and averaged. The current
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drawn was converted to power consumption by multiplying it by the 24 \VDC supplied to
the motor. The drain time was converted to flow rate by dividing the volume of the

cylinder by the time required for the cylinder empty.

The graph in Figure 63 characterizes the effect of temperature on the pump’s power
consumption. All four pressures scenarios experience an increase in power demand as the
temperature decreased from 23.5 °C to 4.5 °C. The drainage flow rate deceases as the
temperature decreased from 23.5 °C to 4.5 °C (Figure 64). The power data can be used to
estimate the pump’s power consumption during field trials where the expected depth and
temperature are 50 m (5 bar) and 5°C, respectively. Extrapolating the 4.5 °C data to a
pressure of 5 bar (50 m) gives a power requirement of approximately 30 W per profile.
The flow rate data can be used to estimate the bladder drainage time during field trials.
Assuming the bladder is filled to 6.5 I, the time required to drain the bladder will be
approximately 10 minutes when the line pressure is 1 bar, and the ambient temperature is
5°C. It is important not to begin filling the bladder again until it is fully drained or else
the bladder could rupture, or the profiler may not operate as intended. The fill and drain
control will initially be based on a time schedule but eventually needs to improve to one

based on feedback from the tank level sensor.

During the cold (4.5 °C) oil temperature testing, the pilot operated check valve
consistently failed to open resulting in the failure of the cylinder to drain. Increasing the
energization time from one to two seconds resolved the issue. The slower flow rate due to

the higher viscosity at low temperatures was the issue.
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5.4.1.7.3 Pump Validation Tests

During bench testing operations it was observed that the pump delivers a different flow
rate depending on the rotational direction of the pump. Validating the flow rates in both
directions is critical to ensuring the intended quantity of oil is pumped into or out of the
bladder. The initial validation was quantified with a graduated cylinder. The hydraulic
cylinder was removed from the bench test setup and replaced with a 1,000 ml graduated
cylinder. A hydraulic fitting was installed on the bottom of the graduated cylinder and
connect to the buoyancy engine. 2000 counter clockwise revolutions of the pump
delivered 815 ml of oil to the graduated cylinder while 2000 clockwise revolutions only
removed 660 ml from the graduated cylinder. The 0.408 cm? per revolution flow rate
while pumping into the cylinder matches the pump specification of 0.4 cm? per
revolution. However, the 0.33 cm? per revolution flow rate while pumping out of the

cylinder is 18% less than the specification.

The flow rate bench test was extended to filling and emptying the larger volume of the
bladder. The bench test for this set up consisted of replacing the graduated cylinder with
the bladder. The bladder was positioned on a scale and zeroed. Using the 0.88 kg/m?®
density specification for the oil, the mass for various volumes from 4 to 6.5 litres was
determined. The pump output revolutions were then adjusted until the mass indicated on
the scales matched the mass for the desired volume. Similarly, once the volume matching
mass was achieved the number of pump revolutions to empty the bladder were adjusted

until the scale mass returned to zero. Table 12 summarizes the masses, volumes, and
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corresponding pump revolutions flow rates to fill and empty the bladder. The larger
volume reveals an average fill flow rate of 0.396 cm? per revolution and an average
empty flow rate of 0.327 cm? per revolution. This information is required for

programming the volume of oil being pumped.

Table 12 Pump flow rate validation results

Volume Mass Fill Fill flow rate Empty Empty flow rate
() (kg) Revolutions (cm®/revolution) Revolutions (cm?®revolution)
4 3.52 10,089 0.396 12,229 0.325
5 4.40 12,598 0.397 15,277 0.327
6 5.28 15,137 0.396 18,347 0.327
6.5 5.72 16,402 0.396 19,882 0.327

5.4.2 Profiler Power Source

The power source selected for the profiler was a rechargeable lithium-ion battery. The
specific battery selected was a Standard “Big Jim” “A” type high capacity battery from
SubCtech. The battery has a nominal voltage of 25.2 VDC, a 90Ah capacity, and 2279
Wh of energy. The maximum continuous discharge current of the battery is 7A and it is
submersible in sea water up to 300 m. The specification sheets for the battery are
available in Appendix A, pages 267-269. This battery was selected because it is capable
of supplying 24 VDC and the estimated 4.5 A maximum current demand required by the

profiler. It also satisfies the 200 m operating depth and -5 to 30°C temperature conditions.

116



The high energy density available from lithium ion batteries results in more energy in a

smaller volume.

Table 13 below summarizes the expected energy demand per profile based on the
information available from the component specification sheets. The duration of the power
consumption was based on an estimated profiling rate of 0.25 m/s, and an assumed 6.5
litre bladder volume with a 0.8 I/min flow rate. Field deployments of 50 m are estimated
to consume 4.75 Wh per profile and full deployments of 200 m are estimated to consume
14.53 Wh. The selected battery will provide a maximum endurance of 480 profiles for a

50 m deployment and 157 profiles for a 200 m deployment.

Table 13 Profiler energy consumption estimate for 50 m field trials and 200 m full
deployment

Power Duration Energy
System (W) (h) (Wh)
50m 200m 50m 200m 50m 200m
Hydraulic 30 90 0.135 0.135 4.06 12.18
Sensors and controller system 10 10 0.056 0.222 0.56 2.22
Telemetry 4 4 0.033  0.033 0.13 0.13
Total 4.75 14.53

5.4.3 Frame

The frame for the main body which is illustrated in Figures 65 and 66 is a basic but
important component of the system. Detailed fabrication drawing for the frame are

available in Appendix B, pages 351-388. The main purpose of the frame is to house the
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buoyancy engine and battery, as well as to mount two of the pulleys that make up the
compound pulley system. The structural members of the frame are fabricated from
rectangular aluminum tubing connected together with aluminum gussets plates and
brackets using stainless steel fasteners. This method of construction was chosen over
weldments for the ease of making modifications. The mooring cable passes through the
eyelets of the frame to secure the profiler to the subsea mooring. The UHMW lined
eyelets have the same opening diameter as the guide tube on the passive float to allow for

the mooring cable assembly to pass through it.

Since the electromechanical cable routes through and attaches to components on the
frame, potential contact points are designed with smooth and rounded surfaces, and use
low friction materials (PTFE/UHMW) to minimize wear and abrasion. A series of cable
guides aid in the routing of the electromechanical cable through the frame. A drum on
the bottom of the frame can store excess electromechanical cable to allow control over the
amount of cable available to be payed out during the secondary ascent. The drum also
acts as a locked capstan to reduce the stress on electromechanical cable connection point

at the buoyancy engine enclosure.
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Figure 65 Main body frame design

The buoyancy engine is positioned adjacent to the main vertical structural member. It is
constrained in the vertical direction by the top and bottom plates. In the lateral direction,
it is constrained by all three plates and the attached UHMW plate. The UHMW plate and
rubber gasket material between the end plates eliminate metal on metal contact between
the frame and the buoyancy engine enclosure. A radially protruding pin located on the
circumference the bottom end cap of the enclosure mates with a groove in the bottom
UHMW plate to constrain the buoyancy engine from rotating. The locating pin also
ensures the enclosure is positioned correctly within the frame for connecting the battery

and electromechanical cables to the bulkhead connectors. Its also ensures it is positioned

correctly for operation of the pump emergency kill switch.
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Figure 66 Main body - Orthographic projections with dimensions

The battery is positioned adjacent to the buoyancy engine and is constrained vertically
and laterally within the frame in a similar manner as the buoyancy engine. An adjustable
battery clamping cap allows for the length variations between the standard and XL
SubCtech batteries. A notch in the clamping cap engages the batteries bulkhead connector

to prevent the battery from rotating.

The pulleys located on the top horizontal structural member are constructed in the same
manner as the pulley on the passive float apart from the mounting bracket. The pulleys
are located such that the sensor payload float is positioned 1.5 m from the mooring cable
and to ensure the electromechanical cable transitions from the frame pulley to the passive
float pulley in a vertical line.
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The electromechanical cable guide located at the end of the top horizontal structural
member serves two purposes. It is aligned above the pulley to transition the
electromechanical cable vertically into the pulley grove. It also prevents the tapered end
of the Trustlink from retracting into the pulley groove which could jam it due to a wedge

effect.

5.4.3.1 Pump Emergency Kill Switch

Ensuring that the bladder does not rupture due to over inflation is a critical requirement of
the profiler. Proper monitoring of the pump output and/or the oil level in the reservoir
will prevent the bladder from overfilling and rupturing. However, an emergency kill
switch was designed as a fail safe. The kill switch design uses a magnet and Hall-effect
switch to signal the pump to turn off when the bladder expands to the end limit of the

bladder cage.

A Hall-effect sensor is a transducer that varies its output voltage depending on the
influence from a magnetic field. The switch design takes advantage of the low magnetic
permeability property of the aluminum buoyancy engine enclosure. Aluminum has the
same magnetic permeability property as air and water, thus it has negligible influence on
the magnetic field. This allows for the Hall-effect sensor to be housed inside the
enclosure while the magnet is located outside. The magnetic field, if strong enough, can
penetrate the water gap, aluminum side wall, and interior air gap to influence the sensor.

The main benefit of this switch design is that it does not require an external sensor with
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wires that would need to connect through an additional bulkhead connector. Every

bulkhead connector used is a source for leaks to occur and should be minimized.

A D68-N52 neodymium magnet was selected based on its ability to produce a magnetic
field strong enough to activate the AH9246 Hall-effect switch. The specification sheets
for the magnet and Hall-effect switch are available in Appendix A, pages 262-266. The
specifications for the Hall-effect switch indicate that a minimum magnetic field strength
of 9 Gauss is required for operation. Equation 5.28 was used to determine the flux density
of the magnetic field (B;) for a cylindrical magnet (Camacho & Sosa, 2013). It is
dependent on the strength of the magnet (Br), the relative permeability of the media
surrounding the magnet (), the length of the magnet (L), the radius of the magnet (R),

and the axial distance from the end of the magnet (z).

U, By z z—1L
B, = — (5.28)
2 \Vz2+R? [(z—L)2+R?

When the bladder reaches the end plate of the bladder cage the axial distance from the
south pole face of the magnet to the marked face of the AH9246 Hall-effect switch is 32
mm. The resulting magnetic field produced at the location of the Hall-effect sensor is 36
Gauss. The equation variables are summarized in Table 14. Since the 9 Gauss
requirement for operation is exceeded, the magnet is sufficient for the application. The
magnet can produce a magnetic field >9 Gauss at an axial distance up to 55 mm from the

switch.
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Table 14 Magnetic field strength calculation variables

Strength of the magnet, B; 14,800 Gauss
Relative permeability (water, air, aluminum), ur | 1

Length of the magnet, L 12.7 mm
Radius of the magnet, R 4.76 mm
Axial distance from the end of the magnet, z 32 mm

The profiler frame has a mounted pivot arm with the neodymium magnet potted at the
end (Figure 67). A linkage connects it to another pivot arm mounted on the bladder cage.
As the bladder is filled it raised the arm mounted on the bladder cage which through the
linkage, simultaneously raises the arm with the embedded magnet. When the bladder
reaches the end limit of the bladder cage the south pole face of the magnet will be
positioned 32 mm from the marked face of the Hall-effect switch that is mounted inside
the buoyancy engine enclosure. CAD drawings of the components are available in

Appendix B, pages 384-389.

Bladder cage

mounted
pivot arm
Frame
mounted
) pivot arm
Linkage—

Bladder

Magnet
all-effect switch
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Figure 67 Pump emergency kill switch design
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5.4.4 Buoyancy of the Main Body

The total buoyancy of the main body (buoyancy engine, battery, and frame) with the
bladder empty is negative 484.7 N. The buoyancy of the individual components was
determined by submerging them in the deep tank and measuring the weight with a load
cell. The buoyancy engine is -224.6 N with the bladder empty, the battery is -61.7 N, and
the frame is -198.4 N. With the bladder empty the net buoyancy of the profiler should be
negative 20 N in sea water (negative 42.9 N in freshwater) for the profiler to sink.
Therefore, the buoyancy of the main body must be trimmed with foam to add 130.3 N of
freshwater buoyant force to achieve the desired net buoyancy. Table 15 below
summarizes the freshwater and sea water buoyant forces of the profiler components and

the net buoyancy of the system with an empty bladder.

Table 15 Freshwater and sea water buoyant forces of the profiler components and the
profiler’s net buoyancy (empty bladder)

Component Freshwater Sea water
Buoyancy (N)  Buoyancy (N)

Sensor Float +97 +99.4

Passive Float +214.5 +219.9
Buoyancy Engine -224.6 -219.1
Battery -61.7 -60.2

Frame -198.4 -193.6

Main Body Trim Foam +130.3 +133.6
Net buoyancy of the profiler -42.9 -20.0
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The trim foam must be positioned on the frame of the main body such that the stable
equilibrium position has the vertical strength member orientated vertically. To determine
the required location point of the trim foam the sum of the moments for the free-body-
diagram of the main body in the desired equilibrium position was solved using sea water
buoyancy values. Based on the diagram in Figure 68, Equation 5.29 was used with the

variables summarized in

Table 16 to determine that centre of buoyancy of the trim foam must be located 148 mm
from the centerline of the eyelets. As the quantity of oil changes in the bladder so to does
the stable equilibrium position of the main body. Therefore, for the calculation it was
chosen to use the buoyant force for the buoyancy engine with 3.5 litres of oil in the

bladder (about half full) rather than the empty or full state.

Eyelet Centerline

B SF

TF
+L1T+

=
-

Figure 68 Main body free-body diagram

BPFLPF + BTFLTF + BSFLS'F - BBELBE - BBLB - BFLF =0 (529)
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Table 16 Main body free-body-diagram variable

Passive float buoyancy, Ber 2199 N
Trim foam buoyancy, Br 133.6 N
Sensor float buoyancy, Bsr 99.4 N
Buoyancy engine buoyancy, Bge 185.1 N
Battery buoyancy, Bs 60.2 N
Frame buoyancy, Br 193.6 N
Distance from eyelet centerline to Bpr, Lrr 203 mm
Distance from eyelet centerline to Bsr, Lsr 1639 mm
Distance from eyelet centerline to Bgg, Lee 319 mm
Distance from eyelet centerline to Bg, Ls 591 mm
Distance from eyelet centerline to Br, Lr 686 mm
Distance from eyelet centerline to Btr, Ltr | 148 mm

Through an iterative process, the shape of the trim foam block was developed until its
center of buoyancy, when installed on the frame, matched the required position. The
buoyant force and center of buoyancy for the foam was determined using the SolidWorks
analytical tool. The shape of the foam is illustrated in Figure 69. It follows the contour of

the frame plates which have a 2:1 elliptical shape to provide a streamlining effect.
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Figure 69 Main body trim foam shape

5.4.5 Verification and Trimming of Profiler’s Buoyancy

The complete profiler was assembled and placed in the deep tank for final buoyancy
trimming and verification. To completely submerge the system in the deep tank, the
sensor float and passive float had to be retracted and attached as close to the main body as
possible. A load cell was then used to measure the weight of the system. As indicated in
section 5.4.4 the freshwater buoyancy of the profiler should be -42.9 N to have a sea
water buoyancy of -20 N. The initial test indicated the value was -29.9 N. An additional
13 N of weight was added to the bottom of the profiler to achieve the required -42.9 N

buoyancy.
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6 Subsea Mooring Design

The subsea mooring (excluding the hard stops) used for the field trial was designed and
fabricated by Mark Downey an Oceanographic Assistant with the Physical Oceanography
research group at Memorial University. The subsea mooring consists of a pair of 16 inch
spherical subsea buoys and a 200 kg anchor to provide 72 kg of buoyant force to keep the
mooring line taught. The mooring line is a 0.25 inch diameter vinyl coated steel cable
terminated at each end with thimbles. The thimbles allow the mooring cable to be easily
connected with shackles to the buoys and the anchor. They also allow the cable to be
thread through the passive float guide tube and the frame eyelets. This feature allows the
profiler to be easily and quickly secured to the subsea mooring at the deployment site. An
additional feature added to the subsea mooring design were upper and lower limit hard
stops. The two-piece hard stops clamp onto the cable at the top and bottom of the
mooring. The purpose of the hard stop is to safely limit the travel of the profiler. Without
the stops, the shackles at the ends of the mooring cable can wedge in the opening of the
guide tube or eyelets and impede the operation of the profiler. Detailed fabrication

drawing of the hard stop is available in Appendix B, page 397.
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7 Control System, Electrical and Electronics

The architecture for the profilers control system was developed by Glenn Cutler at the
Autonomous Oceans Systems Laboratory of Memorial University. This included sourcing
the majority of required electrical and electronic components for the control system;

interfacing the components; and writing the software to operate the system.

Within the sensor float and the buoyancy engine module, the profiler incorporates the
many sensors, actuators, instruments, controllers, and devices outline in this document.
The software/hardware architecture for the profiler is illustrated in Figure 70. The system
is controlled with three programmable microcontrollers, a BeagleBone Black and two
Teensy 3.2. It also uses several data transmission methods between the various

components; ethernet, RS232, and CAN (Controller Area Network) Bus.

The BeagleBone Black (BBB) single board computer is located in the sensor float and is
used as the primary controller. The custom Linux software running on the BeagleBone
Black is the most complex of the three controllers. All commands, responses, and data
sent to and from various parts of the system go through the BeagleBone (Cutler, 2018).
The two other controllers (main body controller and secondary controller) are connected
to the primary controller via a CAN Bus, the AHRS and Vector instruments are
connected to the BBB via RS232, and the Iridium and Wi-Fi antenna are connected via

ethernet.
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The Teensy 3.2 secondary controller which is also located in the sensor float serves as an
expansion for the primary controller. The Altimeter, GPCTD (with 43F pump), and GPS
are connected to it via RS232. This controller operates based on commands from the

primary controller via the CAN bus.

The Teensy 3.2 main body controller is located in the buoyancy engine subsea enclosure.
This controller operates the buoyancy engine. It controls the valves, power to the motor
controller, and the speed and number of revolutions of the hydraulic pump motor. It
receives data from the hydraulic tank level sensor, the motor controller, Hall-effect
switch, and the main battery through RS232 serial ports. It communicates with the

primary controller via CAN Bus.

Aside from controlling the motion and data collection and transmission of the profiler, the
custom software developed and embedded into the controllers also ensures optimal power
management. To maximize the deployment duration components are only powered when
necessary. The motor controller, tank level sensor, and Hall-effect switch are only
powered while the pump is on. The oceanographic sensors are only powered during the
ascent to the surface. The telemetry components are only powered while at the surface.
Since the profiler spends the majority of the time at the sea bottom waiting to profile, the
software puts the system in hibernation. While in hibernation, 0.3 Watts of power is
consumed. This is just enough power to maintain an internal alarm clock to awaken the

profiler at the next set time interval.
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Figure 70 Profiler hardware/software architecture (Cutler, 2018)
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8 Field Deployment

South Arm of Holyrood Bay was selected as the test site for the field deployment tests.
The water depths in this area range up to 52 meters within 2 km from the vessel support
site, Holyrood Marine Base. The profiler deployment requires support from two vessels.
One vessel must be equipped with a crane for hoisting the profiler into and out of the
water and a winch for lowering and raising the mooring anchor. The second vessel
provides support on the water to release the profiler from the crane and to ensure there are
no entanglements. The two vessels used for the field trial deployments were the Marine
Institute’s M.V. Inquisitor (117 t, 24.9 m) for the main deployment and the Narwhal (2.56

t, 11 m) for support.

8.1 Transportation Skid

A skid was designed and fabricated to safely secure the profiler during vehicle and vessel
transportation. Figure 71 illustrates the skid design and Figure 72 shows the skid in use on
the deck of the Inquisitor. The skid was designed with a footprint that allows it to fit in
the back of a pickup truck for conveniences of transportation. Detailed CAD drawings of

the skid components and assembly are available in Appendix B, pages 398-401.
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Figure 71 Transportation skid design Figure 72 Skid on the Inquisitor deck

8.2 Deployment Procedure

The basic procedure listed below was followed to deploy the profiler.

1. Anchor main support vessel at deployment site.

2. Thread the mooring cable through the guide tube on the passive float and the
eyelets on the frame.

3. Attach the hard stops at the top and bottom of the mooring cable.

4. Attach the anchor chain to the bottom of the mooring line and the subsea floats to
the top.

5. Attach the anchor to the winch.

6. Deploy the subsea mooring buoy(s) off the aft end of the vessel.
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7. Deploy the sensor float and passive float off the aft end of the vessel.

8. Use the crane to position the main body in the water at the aft end of the vessel.
9. Use the small support vessel (Narwhal) to ensure there are no entanglements.
10. Release the main body from the crane.

11. Use the winch to lower the chain anchor to the sea floor.

Steps 9 and 10 of the deployment procedure proved to be the most complicated and
riskiest part of the deployment. In step 9 all of the components are in the water but not yet
set in their final position. They are highly susceptible to entanglement at this point since
there are two independent cable systems (mooring and electromechanical) with limited
constraints, and four separate bodies at the surface (subsea buoy, main body, passive float
and the sensor float). Once the main body is release from the crane it quickly sinks below
the surface, pulling on the cables, floats and the buoy. It took two alert people aboard the
support vessel to manage the position and orientation of the system and components to
ensure a proper deployment as shown in Figure 73. It should be noted that a typical
deployment would not have a surface marker buoy attached to the profile. As well, the
winch cable would be removed and an acoustic release would be used to recover the

profiler.
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9 Field Deployment Test Results

Field testing was done over four separate deployments in South Arm to assess the
operation of the profiler. The main features to assess were; the ability of the buoyancy
engine to cycle through the primary and secondary ascent and descent; the ability of the
sensors to measure and collect data, the power consumed by the system; and the overall
performance of the profiler. All four deployments used a subsea mooring with the subsea
buoy positioned approximately 10 meters below the surface. The quantity of

electromechanical cable made available for payout was 19 meters.
9.1 First Field Deployment

The goal of the first deployment was to become familiar with deploying and operating the
profiler, and to assess its performance. The deployment was performed in a water depth
of 32 meters. The buoyancy engine was set to pump 6.5 litres of oil into and out of the
bladder for the ascent and descent. The automatic drain feature using the pilot operated

check valve was omitted from the first field test to limit the functions to assess.

The depth versus time plot for the ascent of one of the profile cycles is shown in Figure

74. There are several points of interest as follows.

e The solid blue line indicates the sensor float begins the ascent at a depth of 23.5 m
and the rate of ascent increases with time. The sensor float reaches the surface

which was also confirmed from visual observation (Figure 75).
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e The vertical purple dashed line indicates the time that the sensor float reached the
surface, 240 s.
e The vertical red dashed line indicates the time that the pump stopped, 417 s.

e The sloped green dashed line indicates the maximum rate of ascent, 0.25 m/s

The 0.25 m/s maximum rate of ascent is within the 0.3 £ 0.1 m/s specification goal
identified in section 3.1. A profile depth greater than 23.5 m should experience a higher
maximum rate of ascent. The sensor float reached the surface 170 seconds before the
pump stopped, therefore, there will be more buoyant force available for propulsion on
deeper profiles. The profiler does not reach the 0.2 m/s lower limit of the ascent rate until
190 seconds have elapsed. At this point, the profiler had ascended 11.5 m. Over a 23.5 m
profile, approximately 50% of the water column is profiled at a rate less than the specified
range. However, this percentage will decrease as the depth of the profile increases. Over a

200 m profile only the lower 6% would be sampled below the specified ascent rate.
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Figure 74 First field deployment - Sensor float depth vs. time plot for the
ascent

Figure 75 First field deployment - Sensor float
breaching the surface during ascent
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Due to calm and clear conditions, the profiler’s descent could be observed only partially
from the deck of the vessel. It appeared that the passive float was unable to retract the
sensor float to the frame during the descent. This observation explains the start of the
sensor float ascent at a depth of 23.5 m. Based on the 32.5 m depth of the water at the
deployment site and the dimensions of the profiler, the sensor float should start the profile
at approximately 28 meters if it was fully retracted to the frame. This information implies
the sensor float had 4.5 m (28 m — 23.5 m) of electromechanical cable released. This
observation was further verified by the Remotely Operated Vehicle video taken during

the second deployment, which is detailed in the next section.

The profiler’s battery voltage and battery current versus time plots are shown in Figure

76. Points of interest on the plot are as follows.

e The red circle indicates the point when that the sensor float reached the surface.

e The green circle indicates the point when the pump stops.

When the pump stops, the hydraulic system is no longer demanding power from the
battery. The horizontal line of the plot after the green circle indicates that the power
required by the sensors and control system is constant. At this point the supply current is
0.506 A and the battery voltage is 26.15 V. Therefore, the power required by the sensors

and control system is 13.2W.

When the profile begins, the battery supplies 26.15 V and 1.442 A to the pump, sensors,

and control system. This maximum power demand from the system is 37.7 W. As the
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sensor float first reaches the surface it reduces to 33. 2 W (1.268 A and 26.15 V).
Therefore, the maximum and minimum power required from the hydraulic system are
24.5 W and 20 W, respectively. The decrease in the hydraulic power demand is expected
because the power is dependent on the pressure it is working against. The pressure acting
on the bladder decreases as the depth decrease. The 24.5 W power requirement from the
hydraulics is comparable to the pump power versus temperature plots in Figure 63. At a
temperature of 10°C and a simulated depth of 29 m (2.9 bar), the power demand was

approximately 24.2 W.
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Figure 76 First field deployment - Profiler battery voltage vs. time and battery
current vs. time plots
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The profiler was successful collecting oceanographic and performance data from its suite
of sensors during the ascents. Figure 77 displays the data from the CTD (Salinity,
Temperature, Depth, and Dissolved Oxygen) and the ECO FLS (Chlorophyll) sensors.
The sea water of the upper two meters of the water column has less salinity than the water
below it. The temperature deceases from 10.4 °C at the surface to 9.5 °C at the bottom of
the profile. The dissolved oxygen also decreases with depth, from 7.5 ml/l to 7.25 ml/I.
The chlorophyll value spikes to 1.45 pg/l at a depth of 10 m but drops back to 0.7 ug/I

near the surface and at the bottom of the profile.

Figure 78 displays the Velocimeter sensor measurements. This raw data has not been
post-processed to correct for the motion of the sensor float. The profiler reaches the
surface at the 240 s mark and at this point the Velocimeter protrudes from the water into
the air. This corresponds with the spike in the beam 1 velocity measurement, and it is also

the point at which all the measurements become more erratic due to wave maotion.

The unfiltered Altimeter measurements are displayed in Figure 79. There appears to be a
significant amount of corrupt measurements present in the plot. These measurements are
represented by the 200 m points which is the maximum range of the altimeter. The cause
may be attributed to the orientation of the sensor float which positions the altimeter with
an ~10 to 15° pitch from vertical. The ideal orientation of the altimeter is vertical, and

error in the head alignment can give rise to unreliable results. Filtering the 200 m points
from the data results in a plot that clarifies the sensor floats altitude from the sea floor

(Figure 80).
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The measurement from the Vector’s AHRS (Roll, Pitch, and Yaw rates of the sensor
float) are displayed in Figure 81. The sensor float exhibits good stability with respect to
pitch and roll. This is attributed to the ability of the buoyant force of the sensor float to
develop a moment that resists those motions. The lever arm of the buoyant force is greater
for the pitch than it is for the roll which is evident by the pitch and roll rates experienced.
The buoyant force of the sensor float is perpendicular to the yaw motion and therefore
cannot develop a moment to resist it. As a result, the sensor float experiences its greatest
rate of motion in this direction. All three motions are very erratic when the sensor float

reaches the surface (240 s mark) where it is subjected to wave action.
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Figure 77 CTD and ECO FLS sensor water column measurements
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Velocimeter Data (avg 8.7 Hz)
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Figure 78 Velocimeter measurements
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9.2 Second Field Deployment

The goal of the second field deployment was to test the automatic drain function of the
profiler and to visually observe the operation using a small eyeball class Remote
Operated Vehicle (ROV) and submersible cameras mounted to the profiler’s frame. The
deployment was conducted at a location with a water depth of 40 meters. The buoyancy
engine was set to pump 6.5 litres of oil into the bladder and the automatic drain feature
using the pilot operated check valve and accumulator was used to drain the oil from the

bladder back into the reservoir.

The depth versus time plot for the descent of the profiler is shown in Figure 82. Points of

interest on the plot are as follows.

e The vertical red dashed line indicates the time that the pilot operated check valve
is opened, 1,021 s.

e The vertical green dashed line indicates the time when the oil in the reservoir has
returned to its original level (80.1%), 1,443 s.

e The sloped purple dashed line indicates the maximum rate of descent, 0.11 m/s

The accumulator and pilot operated check valve combination was successful in draining
the bladder. At a flow rate of 0.92 I/min it took 422 s to drain the 6.5 litres of oil from the
bladder into the reservoir. This is comparable to the ambient temperature versus drainage
flow rate data in Figure 64 of section 5.4.1.7.2. At a temperature of 5°C and a simulated

depth of 15 m (1.5 bar) the drainage flow rate was approximately 1.1 I/min.
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Figure 82 Second field deployment sensor float depth vs. time plot for the descent

Two points of interest observed with the ROV during the second field trial was the
arrangement of the profiler at the bottom and the top of the mooring line, as well as, its

arrangement as it ascended and descended.

Figure 83 is a screenshot from the ROV video while observing the profiler at the bottom
of the mooring line. As expected from the first field trial the profiler is not behaving as
expected. At the bottom of the profile the sensor float should be retracted back to the
frame. As highlighted in the screenshot, the sensor float is not retracted back to the frame
and is approximately 12-15 m of electromechanical cable is still payed out. The red oval

indicates where the sensor float should be positioned at this time. The same situation
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occurs during the descent from the top of the mooring line (Figure 84). The vertical
separation between the passive float and the upper stop indicates that the profiler is
descending at this point. The red oval is where the sensor float should be positioned but it
is out of the shot due to the payout of electromechanical cable. This is due to the passive
float not having the buoyant capacity to retract the sensor float. Visual observation from
the ROV confirmed that the profiler maintains this arrangement during the ascent and

descent cycles.

Screenshots of the bladder in its empty state (0 I) and full state (6.5 I) are shown in
Figures 85 and 86, respectively. They appear relatively similar to the tank test and bench

test observations.
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Figure 83 Second Field Trial - Profiler at the bottom of the mooring
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Figure 85 Empty bladder state (0 I) Figure 86 Full Bladder state (6.5 I)

9.3 Third Field Deployment

The goal of the third deployment was to trim the buoyancy of the sensor float such that
the passive float would be able to retract it. This was accomplished through an iterative
process of adding 0.28 kg shackles to the antenna mast of the sensor float when it
breached the surface during the ascent cycle. The option of adding foam to the passive
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float was not viable since it is submerged, and the profiler would need to be retrieved for
each iteration of foam addition. The third deployment was located at N 47°24" W 53°08”
in a water depth of 52 m. The buoyancy engine was set to pump 6.5 litres of oil into and

out of the bladder for the ascent and descent.

The mass required to be added to the sensor float to ensure it retracted was 1.12 kg (4
shackles). Figures 87 and 88 show the ROV screenshots of the profiler at the bottom and
the top of the mooring, respectively. It is evident from the screenshots that the sensor

float is retracted back to the frame at these points.
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Figure 87 Third Field Trial - Profiler at the bottom of the mooring
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Figure 88 Third Field Trial- Profiler at the top of the mooring.

Through observations with the ROV, the profiler maintains the sensor float in the
retracted position during the primary and secondary ascent. The added mass was
successful in reducing the buoyancy of the sensor float such that the passive float could
retract it. Unfortunately, the magnitude of the sensor float’s reduced buoyancy did not
have the capacity to lift the weight of the main body to progress through the secondary
ascent. This is illustrated from the depth versus time plot for the profile in Figure 89. The
sensor float maintains a depth of 20 m after the pump stops at the 417 s mark as indicated
by the vertical red dashed line. Additional buoyancy needs to be added to the main body
by pumping more oil into the bladder to decrease its weight. Unfortunately, at this point
communication could not be made with the profiler since it was submerged. There was
also insufficient time remaining in the day to retrieve the profiler to make a

communication link and continue with testing.
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Figure 89 Third field deployment sensor float depth vs. time plot
for the ascent with the 1.2 kg of mass added to the sensor float

An interesting observation was made from the sensor float depth versus time plot when
only 0.84 kg of mass was added (3 shackles), Figure 90. The sensor float begins the
ascent profile at 41.2 meters compared to 44.5 meters for the fully retracted profile with
1.2 kg of mass added to the sensor float. Therefore, the sensor float is not fully retracted
during the ascent but only 3.3 meters of cable are payed out. This is evident from the
screen shot from the ROV video, Figure 91. The payout is much less then the 12-15 m
from previous field tests with no mass added to the sensor float. At the 284 s mark the
passive float reaches the upper mooring stop and the sensor float hold at a depth of 15 m
until approximately the 376 s mark. This is indicated by the purple and blue dashed lines.
During this time the weight of the main body exceeds the 3:1 capacity of the sensor float.

Oil is still pumping into the bladder at this point and continues to until the 418 s mark; the
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red dashed line. At the 376 s mark the wet weight of the main body is reduced sufficiently
to allow the sensor float to lift it and start the secondary ascent. The average rate of
ascent during the secondary ascent is 0.06 m/s. At the 642 s mark the sensor float
breaches the surface, Figure 92. This data and the observations made with the ROV
indicate the profiler has the ability to operate as intended. The buoyancy of the sensor

float, passive float, and/or main body need to be optimized.

When the sensor float mass was increased by 0.28 kg from 0.84 kg to 1.12 kg it lost the
ability to cycle through the secondary ascent. Since the sensor float has a 3:1 mechanical
advantage the mass of the main body needs to reduce by 0.84 kg (3 x 0.28 kg) to allow
the profiler to cycle through the primary and secondary ascent. This is equivalent to 8.24

N, or increasing the output of the buoyancy engine by ~0.824 litres.
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Figure 90 Third field deployment - Sensor float depth vs. time
plot for the ascent with the 0.84 kg of mass added to the float
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9.4 Fourth Field Deployment

The goal of the fourth deployment was to test the profiler with an increase in the
buoyancy of the main body to adjust for the 1.12 kg of mass added to the sensor float.
The option of adding foam to the passive float was considered but excluded due to the
uncertainty of introducing a different variable. The fourth deployment was located at the

same location as the third deployment; N 47°24" W 53°08" in a water depth of 52.

The buoyancy engine was set to pump 7.5 litres (an additional litre from the 3™ field trial)
of oil into and out of the bladder for the ascent and descent. The result of the depth vs
time plot is shown in Figure 93. The profiler only makes a partial secondary ascent and
does not breach the surface. The plot and raw data indicate that 2.3 meters of
electromechanical cable was payed out during the secondary ascent. However,
observations from the ROV (Figure 94), and the GoPro (Figure 95), show that the sensor
float payed out an estimated 6 meters of cable. The system stopped measuring data before

this point.

Post-deployment review of the ROV videos and the raw data indicated that 7.5 litres of
oil was not pumped into the bladder. Figure 96 shows a screenshot of the bladder filled to
its maximum point for the profile. Observations from prior bench testing and a manual fill
and empty cycle prior to the fourth deployment indicated the bladder should contact the
top of the bladder cage when it is filled with 7.5 litres of oil. This did not occur as
indicated in the screenshot. The level is comparable to the bladder fill level seen in the 6.5

litre profiles (Figure 86). Review of the battery voltage and current plot in Figure 97 show
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that power was cut off from the pump at the 417 s mark. This is the same amount of time
as the previous three field trails when pumping 6.5 litres of oil into the bladder. A
positive displacement pump needs more time to pump more volume. Without the
additional 1 litre of oil pumped into the bladder, the profiler was not capable of

performing the secondary ascent to breach the surface.
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Figure 93 Fourth field deployment - Sensor float depth vs. time plot
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Figure 97 Fourth field deployment — Battery voltage and current vs. time

Additional analysis of the raw data available from the depth versus time plot and the

battery voltage and current versus time plots revealed the following information about the

profile.

e The average rate of the primary ascent was 0.27 m/s. Compared to the other field
trials with less weight on the sensor float, the start of the ascent takes longer due
to the need to overcome the additional weight.

e The average rate of the secondary ascent was 0.006 m/s. It starts at the 338 s mark
which is similar to the 376 s experienced in the third field trials. There is little to
no holding period between the primary and secondary ascent for the fourth field

trial. This is due to the slower time it takes for the passive float to reach the upper
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stop. There is enough oil pumped into the bladder when the passive float reaches
the subsea buoy to start the secondary ascent.

e The maximum system power demand is 43.6 W (29.05 V and 1.5 A) at the start of
the profile where the bladder is at a depth of 47 m. Once the pump cuts off and
only the sensors and control system are operating, the power demand is 13 W
(29.07 V and 0.45 A). This is the same power demand as the other field trials. The

resulting maximum power demand from the hydraulic system is 30.6 W.

Two key observations were made during the fourth field trail to provide assurance of the
system operation. The first observation was that the sensor float could be raised to the
surface through the secondary ascent cycle by pushing upwards on the bottom of the
profiler’s frame with the ROV. This is essentially simulating additional buoyant force.
The pushing force from the ROV was removed when the sensor float breached the surface
and the sensor float was able to maintain its position at the surface rather than retracting.
This implies that the system is very close to achieving the buoyancy required. The second
observation was that the descending profile after the sensor float was at the surface
behaved as expected. The sensor float first retracted back to the frame before the

complete system descended to the bottom of the mooring line.

Due to time and budget constraints the fourth field trial was the last test conducted with

the profiler.
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10 Conclusion and Future Work

The principal aim of this work was to pursue a novel approach to a viable alternative
autonomous moored profiler to characterize the water column of the continental shelf. A
concept was theorized then designed and developed into a functional prototype capable of

operating in an open ocean environment for field testing.

The profiler design can be considered a hybrid of a wire follower type profiler. A unique
characteristic of the system is that it is constrained by a subsea mooring to protect it from
the harsh environment of the surface. However, it can also sample the water column
above the mooring and make a telemetry link at the surface. The profiler relies on a
hydraulic buoyancy engine for the primary means of propulsion and a compound pulley
arrangement as the secondary means. Another unique characteristic of the systems is that

the hydraulic buoyancy engine only requires power for propulsion during the ascent.

Field testing was conducted over four separate deployments at Holyrood Bay in water
depths up to 50 meters. The system closely exhibited the behaviours expected but
ultimately did not perform exactly as intended. However, the data collected from the
profiler’s instruments and sensors, in conjunction with the visual observation made with
an ROV indicate a high potential for the profiler to operate successfully. The inability to
perform as designed was attributed to a lack of buoyancy output from the buoyancy
engine. An increase in the output volume of the buoyancy engine provides more lifting
capacity to sensor float which allows it to deploy to the surface during the secondary
ascent. This is an issue that can be easily remedied by increasing the capacity from the
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intended 6.5 | to 7.5 |, or greater. Unfortunately, the increase in buoyancy capacity from
the buoyancy engine requires more energy. In an attempt to minimize the energy
consumption, the system was designed with low limits on the balance of the
system/component buoyancy values. Based on the buoyancy values provided previously
in Table 15, the passive float only has 10.6 N of extra lifting capacity to retract the sensor
float, and the sensor float only has 13.7 N of extra capacity to deploy from the main body.
The low limits on the buoyancy capacities does not provide a lot of tolerance for parasitic
loads on the system such as friction in the pulleys, and contact between the
electromechanical cable and the guides, or the mooring cable and the guides. As well,
drag on the components caused by currents could impose a resistive lifting or depressing
force. The impact of these forces coupled with the low buoyancy limits may have been
the cause failure of the system to behave as intended under the initial deployment setup

(before adjusting the system/component buoyancy values).

The profiler was successful in sequentially completing the primary and secondary ascent
to breach the surface with the sensor float before completing the secondary and primary
descent. The only issue was that the sensor float was not fully retracted during the

primary ascent and descent which increases the risk of entanglement. During the profiles
the sensors were able to successfully measure and record the characteristics of the water

column. The only exception was the altimeter which exhibited unreliable data.

Minimizing energy consumption was a key objective during the design process. Field

testing revealed the instrumentation, sensors, and control system profiler consumed more
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power than expected. It required approximately 13 W compared to the estimated 10 W
expected. The maximum demand from the buoyancy engine was 30.6 W at ~50 meters.
This was very close to the 30 W expected, based on the bench temperature test results.
The power demand needs to be further minimized to make it a viable solution for long
term profiling up to five times a day. There are several approaches that can be considered

which are indicated at the end of this section

Due to the mobility between the cables, sensor float, passive float, and main body, the
deployment of the profiler was a tedious ordeal. It required favourable sea conditions,
support from secondary vessel, and multiple able bodied personnel. Temporarily
constraining the components of the profiler together as one cohesive unit would
significantly improve the ease of deployment, reduce the number of personnel required,

and possibly eliminate the need for a secondary vessel requirement.

There is a significant amount of potential work that should be completed in order to
further validate the design, and to improve power consumption and ease of deployment.

The following work is listed in order of priority.

e Develop and implement a method to communicate with the profiler when it is
submerged. This would only be required during field testing where it would be
advantageous to have the capability to take over control of the buoyancy engine.

e Complete a fifth field deployment under the same conditions as the fourth field
deployment to verify that the profiler performs exactly as intended when 7.5 litres

of oil is pumped into the bladder.
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Complete further field deployments of longer durations, greater depths, and more
adverse conditions to asses the performance.

Focus on the development of a more efficient buoyancy engine. Optimize the
brushless DC motor paired with the pump. Investigate using a de-intensifier in the
hydraulic system. A de-intensifier is a hydraulic intensifier operated in reverse. A
de-intensifier requires oil at high pressure and low volume from the pump to
output low pressure and high volume to the bladder. The axial piston pump used
in this application has a maximum efficiency of 85%, but only at a pressure of 100
bar. When operating at 20 bar (~200 m) the efficiency is only 67%. A 5:1 de-
intensifier would cause the pump to work at 100 bar and 85% efficiency to deliver
20 bar to the bladder. The volume pumped into the de-intensifier is only 20
percent of what is injected into the bladder. The hydraulic system can be
customized for the depth of the deployment to always ensure the system is
operating at it peek efficiency. Intensifiers operate at 95% efficiency, when used
with an 85% efficient pump the maximum system efficiency is improved to 81%.
A two-stage buoyancy engine should also be investigated to reduce the energy
consumption. The primary ascent should be completed with an axial piston pump
due to the high pressure requirement. The additional buoyancy required for the
secondary ascent may be achieved from a pump that operates more efficiently at
the lower pressure of 2 bar (~20 m). Splitting the profile into two stages also
provides an excellent opportunity to assess the sea state before proceeding through

the secondary ascent.
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Investigate the possibility of using a latching solenoid valve to control the flow of
oil in the hydraulic circuit. A latching solenoid valve only requires a momentary
energization to switch from open to close (or close to open). If applicable, two
latching solenoid valve could replace all the hydraulic components between the
pump and bladder. Such a system would be much less complex to plumb, and
possibly require less power.

Continue to work on a deployment solution. Promising preliminary investigative,
and assessment work was complete on using polyvinyl alcohol (PVA) release
tabs. PVA is a water-soluble plastic. It was envisioned to use these tabs with rope
to help constrain the passive and sensor float to the frame, and mange the
electromechanical cable. Controlled and timely release of these constrained
components would significantly improve the ease of deployment. The tabs that
were 3D printed and tested exhibited good initial strength, and the ability to
maintain adequate strength for up to 30 minutes when submersed in water. A
decrease in water temperature also decreased the solubility rate which provides
more working time.

Modify the sensor payload float to ensure the altimeter is mounted vertically. This

is required to collect reliable altimeter data.
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Glider Payload CTD (optional DO)
GPCTD

The GPCTD is a modular, low-power profiling instrument for autonomous gliders with
the high accuracy necessary for research, inter-comparison with moored observatory
sensors, updating circulation models, and leveraging data collection opportunities
from operational vehicle missions. The externally powered, continuously pumped CTD
consumes only 175 mW recording at 1 Hz (190 mW for real-time data). One Alkaline
D cell could operate the CTD continuously for 114 hours (9.5 days at 50% duty cycle,
profiling continuously at 1 Hz on every glider upcast); one Lithium DD cell could provide
48 days continuous profiling on every upcast. Data are output in engineering units.

The GPCTD can optionally be equipped with an SBE 43F Dissolved Oxygen sensor, but .. Viehicle Skin

does not support cther auxiliary sensors. ;
Features

= Conductivity, Temperature, Pressure, and (optional) Dissolved Oxygen (modular SBE 43F DO sensor).

Pressure-proof module allows for exchange of CTD (and DO sensor) without opening glider pressure hull.
Assembly visible on glider exterior consists of intake sail (with integral T-C duct and anti-foulant device), internal field conductivity cell, and
exhaust sail with purnp connections. Intake sail allows measurements to be made outside vehicle's boundary flow {where old water is thermally
contaminated by vehicle). Pump pulls water into intake sail, past temperature sensor, through anti-foulant device and conductivity cell, and out
exhaust sail (preventing exhaust re-circulation and Bernoulli pressure differences from changing flow rate). Outside of conductivity cell is free-
flushed. minimizing salinity errors. Cannecting neck, electronics, pump, and DC sensor are in a flooded space inside hull, placed so that tubing
lengths are minimized (between conductivity cell and pump intake, and from pump outlet to sail exhaust fitting), sharp bends are avoided, and
pump and tubing are ariented to avoid trapping air that will interfere with pumip priming.

RS-232 interface, memory, real-time output, no batteries (for use on vehicles that can supply power).

Four sampling modss: Continuous (1 Hz), Fast Interval (5-14 sac intervals), Slow Interval (15-3600 sec intervals; CTD only), and Polled.

* Continuous sarpling time series suitable for corrections (e.g. response filtering, alignment, thenmal mass correction) for dynamic errors in data.

= File headers (maximum 1000) contain beginning and ending sample numbers, sampling mode and interval, and starling date/time.

Unique flow path, pumping regimen, and expendable anti-foulant device, for maximum bio-fouling protection.

Pump-controlled, T-C ducted flow to minimize salinity spiking.

Depths to 350 or 1500 m.

Field-proven design based on Argo float CTD, with more than 10,000 Argo float CTDs deployed.

Seasoft® V2 Windows softwars package (setup, data upload, data processing).

Five-year limited warranty.

Components

Unigue internal-field conductivity cell permits use of expendable anti-foulant device, for long-term bio-fouling protection.

Aged and pressure-protected thermistor has a long history of exceptional accuracy and stability.

Pressure sensor with temperature compensation is available in four strain-gauge ranges (to 2000 m).

(optional) Oxygen senser is field-proven, individually calibrated SBE 43F Dissolved Oxygen sensor.

For Continuous and Fast Interval sampling, pump runs continuously, providing bio-fouling protection and correlation of CTD fand
optional DO} measurements.

. . Sea-Bird
www.seabird.com sales@seabird.com +1 425-643-9866 SBE S5
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* Strain-gauge pressure sensor in one of 4 ranges (to 2000 m).
s SBE 43F interface in GPGTD, and modular SBE 43F Dissolved Oxygen Sensor in 600 or 7000 m housing.
s Plastic (350 m) or titanium (1500 m) housing.

Conductivity 0 to 8 S/m (calibrated 0 to 6 S5/m)

Temperature -5 to +42 °C (calibrated +1 to +32 °C)

Pressure Oto 100/ 350/ 1000 / 2000 m (calibrated to full scale)

Conductivity In calibration range: + 0.0003 S/m; Outside calibration range: +0.0010 &/m*

Temperature In calibration range: + 0.002 °C; Outside calibration range: £0.004 °C

Pressure In calibration range: + 0.1% of full scale range
N ———————

DICA a0 " Due to fit extrapclation errors.

Conductivity 0.0003 S/m per month

Temperatura 0.0002 °C per month

Pressure + 0.05% of full scale range per year

Heso )

Conductivity 0.000C1 S/m

Temperature 0.001°C

Pressure 0.002% of full scale range

Sampling Speed 1 Hz (1 sample/sec) maximum

External Power Requirements 8 to 20 VDC nominal. CTD only: 175 mW recording at 1 Hz; 190 mW transmitting real-time data.

GTD & DO: 265 mW recording at 1 Hz; 280 m\W transmitting real-time data.

Memory 8 Mbytes; 699,000 samples CTD (194 hours at 1 Hz) or 558,000 samples of CTD & DO (155 hours at 1 Hz}
Data Format Real-time and uploaded data in decimal or Hex: S/m, °C, decibars, DO frequency.

Housing, Depth Rating, & Weight CTD & pump: Plastic, 350 m, in air 1.0 kg, in water 0.2 kg; Titanium, 1600 m, in air 1.2 kg, in water 0.4 kg.

SBE 43F DO sensor: Plastic, 600 m, in air 0.3 kg, in water 0.1 kg; Titanium, 7000 m, in air 0.4 kg, in water 0.2 kg.

19.8 mm

Ljerein) 2564 mm
(1040in)

41.8mm
(1641in) I

116.4 mm

(4.58in.) T
° e 74.8mm Pump g

2.95 )
ekl @ Wote: Oxygen conneclor oplional | Oxygen ]D

if SBE 43F not ordered.
Power,
4 Data i ]]:I
"62.2 mm SBE 43F
l{jzas I ) 72197‘25’;:""7 \ 189.5 mm .
ameter i \pressure port (748in) With SBE 43F Oxygen Sensor
Forward End View Side View {plumbing approximate)
Specifications subject to change without notice. ©2014 Sea-Bird Scientific. All rights reserved. Rev. August 2015
SEA-BIRD Sea-Bird Electronics
SCIENTIFIC +1 425-643-0866

sales@seabird.com
www.seabir
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Dissolved Oxygen Sensor

The SBE 43 is an individually calibrated, high-accuracy oxygen sensor o assist in
critical hypoxia and ocean stoichiometric oxygen chemistry research on a variety of
profiling and moored platforms. Careful choices of materials, geornetry, and sensor
chemistry are combined with superior electronics and calibration methodology to
vield significant gains in performance.

The SBE 43 is designed for use in a CTD's pumped flow path, providing optimal
correlation with CTD measurements, Elapsed time between the CTD and associated
oxygen measurament is easily quantified, and corrected for, in post-processing. The
black plenumand plumbing’s black tubing blocks light, reducing in-situ algal growth.
Plumbing isolates the SBE 43 from continuous exposure to the external environrment,
allowing trapped water to go anoxic and minimizing electrolyte consumption between
samples for rmoored deployments.

Features

Voltage or frequency output.

Fully and individually calibrated; calibration drift rates of less than 0.5% over 1000 hours of operation (on time).

For use in CTD pumped flow path, optimizing correlation with CTD measurements.

Oxygen measurement dramatically improved because of improved temperature response.

Signal resolution increased by on-board temperature compensation.

Conltinuous polarization eliminates stabilization wait-time after power-up.

Hysteresis largely eliminated in upper ocean (1000 m) due to improved temperature response. Hysteresis at greater
depths predicatable and correctable in post-processing.

No degradation of signal or calibration when used for profiling in hydrogen sulfide environments.

600 or 7000 m housing.

Five-year limited warranty (during warranty period, one sensor re-charge [electrolyte refill, membrane replacement,
recalibration] performed free of charge).

Configuration Options

* SBE 43 voltage output sensor can be integrated with any Sea-Bird CTD that accepts 0-5 volt auxiliary sensor input. It
is available with 600 m plastic or 7000 m titanium housing; XSG or wet-pluggable MCBH connector; 0.5-mil membrane
{fast response, typically for profiling applications) or 1-mil mernbrane (slower response bul more rugged for enhanced
long-term stability, typically for moored applications).

SBE 43F frequency output sensor can be integrated with SBE 52-MP or Glider Payload CTD, or used for OEM applications
{requires OEM circuit board); it is available with 600 m plastic or 7000 m titanium housing. Another 43F version is used
as an integral part in SBE 37-SIP-IDO MicroCATs.

www.seabird.com sales@seabird.com +1 425-643-9866
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Performance

Measurement Range

Initial Accuracy

Typical Stability

120% of surface saturation in all natural waters (fresh and salt)

Response Tirr
of final
dependent on ambient water temp
(see Application No
Input Power 6.5 - 24 VDC, 60 milliwatts (SBE 43) or 45 milliwatts (SBE 43F)
Output Signal

0- 5 VDC (SBE 43), frequency (SBE 43F)

SBE 43 (voltage output)

SBE 43F (frequency output)

600 m Plastic housing - 0.5 kg in air, 0.1 kg in water

7000 m Titanium housing - 0.7 kg in air, 0.4 kg in water
600 m Plastic ho
7000 m Titanium h

0.3 kg in air, 0.1 kg in water
ing - 0.4 kg in air, 0.2 kg in water

SBE 43 voltage output
sensor integrated with
SBE 19plus V2 CTD

SBE 43 Voltage Output Sensor
,39mm
44.5 mm ¢ (154in)
1.75in., \ di t
.rs k) ikl SBE 43F Frequency Output Sensor
‘} (for 52-MP, Glider Payload CTD, & OEM applications)
298 mm 7 - " 54' IESS connector
R mm (1.54 in)) 100
(11.81.) XSGAHP-SS  wetpliggable kg T B Signal
connector Re2 e 1 Common
MCBH-4MP (WB), TI 2 Signal
(3/¢" length base, 1Smm | 3 Power
22.4 mm 1/2-20 thread) ©S55In)
{009in)., .} 18.5 mnT ¥ E
Pin  Signal onRh)_j, y—
18.5%m 245 mm T ‘ (561n)
0.73in. (861in.) g gg f;?:s: 64 mm
69.9 mm 4 Power @ 52‘ -
275in) 5 mm
AULLUR B
il '
(0.101in.) 9.3 mm| 193 mm
(%%;n_m) ) 0.37in) 0.371in)
in.
. d 1 [ 69mm
| 13 mm (2.72in)
9.3 mm T 1(0.51in.)
(0.37 in.) 0.0 mm
(275in.)
Specifications subject to change without notice. ©2016 Sea-Bird Scientific. All rights reserved. Rev. June 2016
SEA-BIRD Sea-Bird Electronics
SCIENTIFIC

+1425-643-9866
sales@seabird.com
www.seabird.
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Fluorescence

The Environmental Characterization Optics (ECO) series of
single channel fluorometers delivers both high resolution
and wide ranges across our entire line of parameters
using 14 bit digital processing. The ECO series excels in
biological monitoring and dye trace studies. The potted
optics block results in long term stability of the instrument
and the optional anti-biofouling technology delivers truly
long term field measurements.

ECO FL fluorometers measure fluorescence from
chlorophyll-a, CDOM, uranine, rhodamine, and
phycoyanin and phycoerythrin.

Chlorophyll-a fluorescence is an indicator of active
phytoplankton biomass and chlorophyll concentrations.
This measurement is used for tracking

biological variability and abundance in the water column.

Colored Dissolved Organic Matter (CDOM) ECO
allows you to obtain CDOM fluorescence across a wide
range of environments, from mangrove swamps to
oligotrophic blue water.

Uranine (fluorescein) & Rhodamine: The ideal
combination of linearity, sensitivity and range for dye
studies. Detection limits in parts per trilion allows for
precise patch determination and first arrival timing as well
as reducing the necessary initial dye concentration.

ECO phycobilin fluorometers have the high resolution

necessary for early detection of either blue-green
(phycocyanin) or brown (phycoerythrin)

177
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Ships  with  ECOView Host
software

¢ Analog and Digital Output
e Analog scaling to maximize

analog resolution

Optional integrated Bio-wiper™
and/or copper faceplate for
antifouling

Optional internal batteries and
memory; 100K + samples

Full ocean depth model available




Chlomphy“'; exfem: | 470/696 nm e FL(RT) Provides analog or RS-232 serial output
ensitivity 0.02 pg/l N P N “
Range | 0.125 woL with 16,300-count {approximate) range. “Real
Time" instruments provide continuous operation
. ) when powered.
CCHDKC"T\ gfég”g@mmm o ¢ FL(RT)D Provides the capabilities of the FLIRT)
Range 0-500 pph with 6,000-meter depth rating.
* FLS Provides the capabilities of the FL with an
Uranine: | awem: 4707550 nm integrated anti-fouling Bio-wiper™,
Sensitvity | 0.08 ppb ¢ FLB Provides the capabilities of the FL with
Range | 0-400 ppb internal memory and batteries forautonomous
operation.
Rhodamine: | cy/em: 540/670 nm * FLSB Provides the capabilities of the FLS with
internal memory and batteries for autonomous
Phycoerythrin: sx/em: 540/570 nm operation.

Phycocyanin: | oy/em: 630/680

Sensitivity N
Rangs Electrical
Linearity (all) e E Digital output resolution 14 bit
Internal data logging Optional
Environmental
Internal batteries Optional
Temperature Range 0-30°C
Connector MCBHeMP
Depth Rating™ 800 m (std)
6000 m [deep) Input 7-16 VOC
Current, typical 80 mA
Current, sleep 140 pA
Deata memory 108,000 samples
Diameter B8.3cm
Sample rate User selectable to 8 Hz
Length 12.7cm
RS-232 output 19200 baud
Weight in air 0.4 kg
Analog output signal 0-5v
Weight in water 0.02 kg
Anti-fouling Bio-wiper™ Optionar
Materials Acstal copalymer

“The limit depth for ECO with Anti-fouling Bio-wiper™ and Internal Batteries (models B, S and £B) rated to 300 m.

Spedifications subject to change without notice. ©2016 Sea-Bird Scientific. All rights reserved. Rev. Seplember 2017
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VELOCIMETER

Vector - 300 m

NQRTEK

Sample 3D velocity at up to 64 Hz for small-scale research in coastal areas

The Vector is a high-accuracy single-point current meter that is capable of acquiring 3D velocity in a very
small volume at rates up to 64 Hz. It is widely used for sediment transport applications, small-scale
turbulence measurements and coastal engineering studies. It has an excellent track record of delivering
outstanding data quality in a variety of applications. This version is suitable for use down to a depth of

300 m. The Vector’s titanium version is suitable for investigating deep- water currents.
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VELOCIMETER

Vector - 300 m

Highlights

v Small-scale turbulence

<

Sampling up to 64 Hz

v/ 8mall sampling volume for measurements

close to boundaries

NQRTEK

Applications

Wave orbital studies

Studies of bottom boundary layers
Ocean engineering projects
Coastal studies

River turbulence

Low flow measurements

AN N N NN

Flux measurements
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VELOCIMETER

Vector - 300 m

NQRTEK

Technical specifications

— Water velocity measurements

Maximum profiling range N/A

Distance frem probe 0.15m

Sampling voelume diameter 15 mm

Sampling volume height (user-selectable) 5-20 mm

Cell size N/A

Velocity range +0.01, 0.1, 0.3, 1, 2, 4, 7 m/s (software-selectable)
Adaptive ping interval N/A

Accuracy +0.5% of measured value £1 mm/s
Velocity precision typ. 1% of velccity range (at 16 Hz)
Sampling rate (output) 1-84 Hz

Internal sampling rate 100-250 Hz

— Distance measurements

Minimum range N/A
Maximum range N/A
Cell size N/A
Accuracy N/A
Sampling rate N/A

— Echo intensity

Acoustic frequency 6 MHz

Resolution 0.45dB

Dynamic range 90dB

Temperature; Thermistor embedded in end bell
Temp. range -4 to +40°C

181




VELOCIMETER

Vector - 300 m NQRIEX

—> Sensors

Temp. accuracy/resolution 0.1 °C/0.01 °C

Temp. time response 10 min

Compass: Magnetometer
Accuracy/resolution 2°/0.1° for tilt < 20°

Tilt: Liquid level
Accuracy/resolution 0.2°/0.1°

Maximum tilt 30°

Up or Down Automatic detect
Pressure: Piezoresistive

Standard range 0-20 m (inquire for options)
Accuracy/precision 0.5% FS / Better than 0.005% of full scale

— Analog inputs

No. of channels 2

Three options selectable through firmware commands: 1) Battery

Supply voltage to analog output devices
voltage/500 mA, 2} +5 V/250 mA, 3) +12 V/100 mA

— Data recording

Capacity (standard): 9 MB, can add 4/16 GB
Data record (Standard) 24 bytes at sampling rate + 28 bytes/second
Data record (IMU) 72 bytes at sampling rate

—> Real-time clock

Accuracy +1 min/year
Backup in absence of power 4 weeks

—> Data communications

170 RS-232 or RS§-422
Communication baud rate 300-115 200 Bd
Recorder download baud rate 600/1200 kBd for both RS-232 and R5-422
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VELOCIMETER

Vector - 300 m

NQRTEK

— Data communications

Handled via "Vector” software, ActiveX® function calls, or direct
User control
commands.

3 channels standard, one for each velocity component or two
Analog outputs "
velocities and pressure.

Output range 0-5V, scaling is user-selectable.

Synchronization TTL (5Y tolerant) sync in/sync out, start on sync, sample on sync

— Connectors

Bulkhead (Impulse) MCBH-B-FS

Cable PMCIL-8-MP on 10 m polyurethane cable

— Software

i Deployment planning, instrument cenfiguration, data retrieval
Functions
and conversion {for Windows®).

—> Multi unit operation

Software N/A

170 N/A

DC input 9-15v DC
Maximum peak current 3A

Max. consumption 1.5Wat 64 Hz
Typical consumption, 4 Hz 06-1W

Sleep consumption <100 pA

Transmit power 2 adjustable levels

— Batteries

Battery capacity 50 Wh (alkaline or Li-ion), 165 Wh (lithium), single or dual
New battery voltage 13.5V DC (alkaline)
Data collection capacity Refer to planning section in software
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VELOCIMETER
Vector - 300 m N@K

— Environmental

Operating temperature -4 to +40°C
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VELOCIMETER

Vector - 300 m NQRIEX

— Environmental

Storage temperature -20 to +60 °C
Shock and vibration IEC721-3-2
Depth rating 300m

—> Materials

Standard model POM housing, titanium probe and fasteners

— Dimensions

Maximum diameter 75 mm

. 468 mm (housing only), 246 mm (fixed stem) add 110 mm for
Maximum length
double battery

— Weight
No batteries Weight in air: 2.32 kg, in water: buoyant
2 batteries Weight in air: 3.20 kg, in water: 0.54 kg

—> Options

Probe mounted on fixed stem or on 2 m cable
Vertical or harizontal probes
Alkaline, lithium or Li-ion external batteries

IMU - Inertial Measurement Unit
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LORD DATASHEET

3DM-GX4-45"

GPS-Aided Inertial Navigation System (GPS/INS)

LORD MicroStrain®™
-GX4-45™

nsrtial Nindgation Syiteen

3DM-GX4-45™ - miniature industrial-grade all-in-one navigation
solution with integrated GPS and magnetometers, high noise
immunity, and exceptional performance

The LORD MicroStrain® family of industrial and tactical grade
inertial sensors provides a wide range of triaxial inertial
measurements and computed attitude and navigation solutions.

In all models, the Inertial Measurement Unit (IMU) includes
direct measurement of acceleration, angular rate, and
atmospheric pressure. Senscer measurements are processed
through an on-board processor running a sophisticated
estimation filler or fusion algorithm to produce high accuracy
computed outputs with compensation options for magnetic and
linear acceleration anemalies, sensor biases, auto-zeroc update,
and noise offsets. The computed outputs vary between medels
and can include pitch, roll, yaw, a complete attitude, heading,
and reference solution (AHRS) or a complete position, velocity
and attitude solution (PVA), as well as integrated GNSS outputs.
All sensors are fully temperature compensated and calibrated
over the operating temperature. The use of Micro- Electro-
Mechanical System (MEMS) technelogy allows for highly
accurate, small, lightweight devices.

The LORD MicroStrain® MIP™ Monitor software can be used for
device configuration, live data monitoring, and recording.
Alternatively, the MIP™ Data Communications Protocol is
available for development of custom interfaces and easy OEM
integration.

—11.1mm
[.44 in]

44.2 mm
[L.74in]

36.6 mm
[1.44 in]

i {13

Best in Class inertial Measurement

Product Highlights
« High performance integrated GPS receiver and MEMS

sensor technology provide direct satellite and inertial
measurements, and computed position, velocity, and
attitude outputs in a small package

Triaxial accelerometer, gyroscope, magnetometer,
temperature sensors, and a pressure altimeter achieve the
best combination of measurement qualities

Dual on-beard processors run a sephisticated Extended
Kalman Filter (EKF) for excellent PVA estimates

Features and Benefits

Best in Class Performance
« Fully calibrated, temperature-compensated, and

mathematically-aligned to an orthogonal coordinate
system for highly accurate outputs

Bias tracking, error estimation, threshold flags, and
adaptive noise, magnetic, and gravitational field modeling
allow for fine tuning to conditions in each application
High-performance, low-drift gyros with noise density ot
0.005%/sec/yHz and VRE of 0.001°/s/g?RMS
Smallest and lightest industrial GPS/INSavailable

Ease of Use
User-defined sensor-to-vehicle frame transiormation

« Easy integration via comprehensive and fully backwards-
compatible communication protocol
Common protocol between 3DM-GX3, GX4, RQ1, GQO4,

and GX5 inertial sensor families for easy migration

Cost Effective
« Qut-of-the box solution reduces development time

« Volume discounts

Applications

« GPS-aided navigation system

» Unmanned vehicle navigation
Platform stabilization, artificial horizon

LOIRID sexsiv

MicroStrain
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3DM-GX4-45™ GPS-Aided Inertial Navigation System (GPS/INS)

Specifications
General Computed Outputs
Integrated Triaxial accelerometer, triaxial gyroscope, triaxial Position accuracy +2.5 m RMS horizontal, =5 m RMS vertical (typ)
sensors magnetometer, temperature sensors, pressure altimeter, Velocity accuracy +0.1 mis RMS (typ)
and GPS raceivar EKF outputs: £0.25° RMS roll & pitch, £0.8° AMS
Inertial Measurement Unit (IMU) outputs: acceleration, heading (typ)
angular rate, magnetic field , ambiert pressure, deftaTheta, Atifude accuracy CF outputs: +0 52 roll, pitch, and heading (static,
deltaVelocity typ), £2.0° roll, pitch, and heading (dynamic, typ)
Computed outputs: Afttitude heading range 350° ahout all axes
Extended Kalman Filter (EKF): filter status, GPS Attitude resolution <001
timestamp, LLH position, NED velocity, attitude estimates Attitude repeatability 0.3° (typ)
(in Euler angles, quaternion, arientation matrix), linear and Calculation update rate 500 Hz
compensated acceleration, bias compensated angular rate, ComamEn I S RoTE EKF outputs. 1 Hz to 500 Hz
Data outputs pressure altitude, gyroscope and acc.:e\eru'neler bigs. rate 2 = CFnulpEts: 1 Hz to 1000 Hz
scale factors and uncertainties, gravity and magnetic
madels, and more. Complementary Filter (CF): attitude Global Positioning System (GPS) Outputs
estimates (in Euler angles, quatermion, orientation matrix), Receiver type S0-channel u-Blox & engine GP'S, L1 frequency, C/A
stabilized north and gravity vectors, GRS correlation code SBAS: WAAS, EGNOS, MSAS
timestamp GPS data output rate 1Hzto4 Hz
. Cald start: 27 second, aided start: 4 second, hot
Glul:al PE;E::unlnlg Sys!:n;ulfvut:E[gPSI) L:;HL“_rC Time-to-first-fix start: 1 second
position, position and velacity, velacity, = —
time, GPStime, SV. GPS protacol access mode available. Sensitivity T;;;ISE?'“ -159.dBm, cold start: -147 dBm, hat start
Inertial Measurement Unit (IMU) Sensor Outputs oo 0.1 misee
Accelerometer Gyroscope Magr Heading accuracy 05
300°/sec Horizontal position y
Measurement 45 g(standard) (standard) 2.5 B Ggf' 2250m ngp
range +16g (option) +75, 150, +900 | Gauss ScCUrACY, SBAS:2.0m
</gec (options) Time pulse signal 30 nsec RMS
Non-linearity 10.03%1s +0.03% s +0.4%fs accuracy <60 nsec 59%
Resolution <0.1mg <0.008%sec Acceleration limit s4g
Bias instability 10.04mg 10%hr - Altitude limit No limit
Initial bias error 0,002 g +0.05%sec 0,003 Gauss Velocity limit 500 m/sec (972 knots)
Operating Parameters
Scale factor £0.05% £0.05% £0.1% ikl
stability N USB2.0 (full speed)
— ) 100 RS232 (9,600 bps to 921,600 bps, default 115,200)
oise density 100 pg/¥Hz 0.005%sec/yHz \Gauss/ Fiz Power source T 3210-35Vde
Alignment error +0.05° +0.05° +0.05% Power 170 mA (typ). 200 mA (max) @ Vpri=3.2-5.5Vdc
Adjustable ption 750 MW (typ), S00mW (max) @ Vaux =5.2- 36 Vdc
225 Hz (max) 250 Hz (max) T ——— 0. -
bandwidth Operating temperature 40°C 10 +85°C
Offset error over i 500 g (calibration unaffected)
temperature 0.06% (typ) 0.05 % (typ) CLSE I Sl il 1000 g (bias may change), 5000 g {survivability)
180,000 hours (Telcordia method |, GL/35C)
Gain -r::lr over 0.05% typ) 0.05%ftyp) MTEF 67,000 hours (Telcordiamethod |, GM/35C)
:;I ’m e Physical Specifications
e factor
0.02% (typ) 0.02% (typ) Dimensions 44.2 mm x 24.0 mm x 36.6 mm
non-linearity . +0.0015 Gauss
(@ 25° ¢) 0.06% {max) 0.06% (max) Weight 20 grams
Vibration 0.072%s Enclosure material Aluminum
induced noise - RAMS/gRMS Regulatory compliance ROHS, CE
Vibration - Integration
0.001°/s/¢? -
rectification - AMS e Data/power output: micro-DBY
error (VRE) GPS antenna: MMCX type
4 stagefiltering: analog bandwidth filter to digital sigma- Software MIP™ Monitar, MIp™ Hardand Softlron
T delta wide band anti-aliasing filter ta (user adjustable) digital Calibration, Windows XP/Vista/7/8 compatible
g averaging filter sampled at 4 kHz and scaled inta physical Compatibllity Protocol compatibility across 3DM-GX3, GX4, RQ1,
units; coning and sculling integrals computed at 1 kHz GQ1, and GXS5 product families
Sampling rate 4kHz | 4kHz | so0Hz Software development MIP™ data communications protocol with sample
kit (SDK) code available (OS and platform independent)
IMU dataoutput |\ 4 co0 iz
rate
L f e LLORID sensive
Range -1800m 1o 10,000m N .
Resolution <0.1m MicroStrain
Noise density 0.01hPa RMS LORD Corporation
Sampling rate 25 Hz MicroStrain® Sensing Systeme

Copyright © 2016 LORD Corporation
Decument 8400-0058 Revision B. Subject to change withaut nolice.

www microstrain com

450 Hurricane Lane , Suite 102
Williston, VT 05405 USA

ph: 802-862-6620
sensing sales@LORD. com
Sensing @ﬂla AD.com
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LRPA200

Long Range Precision Altimeter

The Long-range Precision Altimeter LRPA200
is both a stand-alone and network device and
offers the same reliable features and flexibility of
Tritech's standard altimeter series (PA200).

The LRPA200 may be supplied with
simultaneous analogue and digital outputs
allowing it to be interfaced to a wide range of PC
devices, data loggers, ROV telemetry systems
and multiplexers.

Control of the altimeters may be performed
directly from a PC, from a suitable control system
or as part of a multidrop network.

www.tritech.co.uk

For long range and high accuracy
echosounding applications

Full digital synthesis of transmit and receive
frequencies, together with a wide dynamic input
range offer, unsurpassed levels of performance
from a compact unit. The altimeter is also highly
configurable and can provide interrogated or
free-running modes and a variety of analogue
outputs.

Benefits

» Millimetre resolution capability
* Use for distance measurement
* 4000m or 6800m depth rating
+ Various connector options

+ Highly configurable design

Features

» Analogue output

« Digital output

+ Simultaneous analogue and digital output
« Free-running output

« Interrogated output

Applications

+« ROV and AUV altitude

» Under-ice measurement

» Integration with oceanographic sensors

« Low-cost hydrographic surveys

« Integration with bathymetric systems

*» Touchdown monitoring of subsea structures
* Wave height measurement

+ Meonitoring-of-scouring on-bridge supports

Tritech
(2, ]
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Specification

193.5

72

63 v

2105

Biagram shows standard 4000m rated version

f
All dimensions are in mm. Not to scale

Acoustic

Operating frequency 200kHz
Beamwidth 10° conical
Range 2 to 200m
Digital timing resolution 1mm

Analogue resolution

0.025% of range

Electrical and Communication

Power supply

24V DC at 90mA (12V DC optional)

Analogue output

0 to 10V DC (with 24V power supply)

0to 5V DC
4 to 20mA

Communication protocols

RS232 or RS485

Qutput modes

Free running, interrogated or part of multidrop network

Physical Standard model Deep rated model
Weight in air 1.3kg 4.33kg
Weight in water 0.95kg 2.93kg
Depth rating 4000m 6000m

Materials Aluminium alloy (stainless steel optional)
Operating temperature -10to 35°C
Storage temperature -20to 50°C

Note

available on request.

Specifications subject te change according to a policy of continual development

Marketed by:

The deep rated unit is larger than the standard unit with a diameter of 76mm and a length of 222mm
(with Burton connector). The Burton 5506 series connector is standard, but other connectors are

Tritech International Ltd

Peregrine Road, Westhill Business Park

Westhill, Aberdeenshire, AB32 6JL

United Kingdom
sales@tritech.co.uk
+44{0)1224 744 111

Document. 0286-SOM-00003, Issue: 04

Tritech
2,
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sparkfun

Page 1 of 2

Export Restrictions

This product has some level of export controlirestriction, so may be delayed by
2-3 business days when shipping outside the United States. Contact us with
questions, or we will contact you after you place your order

SparkFun Venus GPS Logger - SMA

Connector
GP5-10920 ROHS+

& images are CC BY-NC-3A 3.0

Description: The smallest, most powerful, and most versatile GPS receiver we carry
just got mare powerful. The Venus638FLPx is the successor to the Venus634LPx and
has improved sensitivity and a faster update rate. The new module can be configured
to an amazingly powerful 20Hz update rate With 29mA operating current and high
sensitivity, this receiver seriously opens new doors for tracking. Maodule outputs the
standard NMEA-0183 or SkyTraq Binary sentences at a default rate of 9600bps
(adjustable to 115200bps).

The Venus638FLPx has improved sensitivity, an integrated LNA (with multipath
detection and suppression), built-in RTC, and integrated single power supply making
it very simple to use

Mot sure which GPS module is right for you? Check out our GPS Buying Guide!
Features:

+ 20Hz Update rate

+ -148dBm cold start sensitivity
+ -165dBm tracking sensitivity
+ 29 second cold start TTFF
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+ 3.5 second TTFF with AGPS

- 1 second hot start

2.5m accuracy

« Multipath detection and suppression

» Jamming detection and mitigation

+ SBAS (WAAS / EGNOS) support

67mW full power navigation

« Works directly with active or passive antenna

» Supports external SPI flash memory data logging

« IC 32M Serial Flash Memory

Complete receiver in 10mm x 10mm x 1.3mm size

+ Contains LNA, SAW Filter, TCXO, RTC Xtal, LDO

» Can be powered by a 3.7V LiPo battery (or any 3.5 - 12V supply) through the
JST connector or 3.3V regulated supply.

Dimensions: 1.25 x 0.75 inches

https://www.sparkfun.com/products/10920 11/16/2015
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REF: BBONEBLK SRM

BeagleBone Black System Rev 0.0.1
Reference Manual

4.0 BeagleBone Black Features and Specification

This section covers the specifications and features of the BeagleBone Black and provides
a high level description of the major components and interfaces that make up the board.

Table 2 provides a list of the BeagleBone Black features.

Table 2. BeagleBone Black Features
Feature
AM3358/9
Processor 600MHZ-USB Powered (TBD)
800MHZ-DC Powcered
SDRAM Memory 512MB DDR3L 606MHZ
Flash eMMC 2GB, 8bit

PMIC TPS65217C

PMIC regulator and one additional LDO.

Debug Suppeort

Optional Onboard 20-pin CTI JTAG

miniUSB USB or DC 5VDC External Via Expansion
Power X
Jack Header
PCB 347217 6 layers
Indicators 1-Power, 2-Ethernet, 4-User Controllable LEDs

HS USB 2.0 Client Port

Access to the USB1 Client mode via miniUSB

HS USB 2.0 Host Port

USB Type A Socket, 500mA LS/FS/HS

Serial Port UARTO access via 6 pin Header. Header is populated
Ethernet 10/100, RJ45
SD/MMC Connector microSD , 3.3V
User Input 1-Reset Button, 1-User Boot Button
Video Out 16b HDMI . w/ CEC
Audio Via HDMI Interface

Expansion Connectors

Power 5V, 33V . VDD_ADC(1.8V)
33V 1/0 on all signals

McASPO, SPI1, 12C, GPIO(63), LCD, GPMC, MMC1, MMC2, 7

AIN(L.8V MAX), 4 Timers, 3 Serial Ports, CANO,

EHRPWM(0,2). XDMA Interrupt, Power button, Expansion Board 1D

(Up to 4 can be stacked)

Weight

1.4 02 (39.68 grams)

NOTE: THE INITIAL A4 VERSTONS WERE BUILT USING THE AM3352

PROCESSOR. THIS WAS

A RESULT OF RECEIVING MISMARKED PARTS
FROM THE SUPPLIER. DUE TO THE TIGHT SCHEDULE, THE DECSION WAS

MADE TO BUILD WITH THE AM3352 VERSION AS REV A4, PRODUCTION

VERSION IS REV A5 AND WILL HAVE THE CORRECT PROCESSOR. REV A4

DOES NOT HAVE SUPPORT FOR THE PRU OR SGX

ﬁ beagle

Page 10 of 79 &:beaglebone
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REF: BBONEBLK SRM BeagleBone Black System Rev 0.0.1
Reference Manual

4.1 Board Component Locations

Figure 4 below shows the locations of the key components on the PCB layout of the
BeagleBone Black.

DC Power 10/100 Ethernet
PMIC Ethernet PHY

Sitara AM3358 )
USB Client

SerialDebug LEDS

MB DDR3
Al Reset Button

eMMC
USB Host

; HDMI Framer
microHDMI

usbD Boot Button

Figure 4. Key Components

The Sitara AM3358 is the processor.

512MB DDR3 is the processor dynamic RAM memory.

Serial Debug is the serial debug port.

PMIC provides the power rails to the various components on the board.

DC Power is the main DC input that accepts 5V power.

10/100 Ethernet is the connection to the LAN.

Ethernet PHY is the physical interface to the network.

USB Client is a miniUSB connection to a PC that can also power the board.

There are four blue LEDS that can be used by the user.

Reset Button allows the user to reset the processor.

eMMC is an onboard MMC chip that hold sup to 2GB of data.

HDMI Framer provides control for an HDMI or DVI-D display.

BOOT Button can be used to force a boot from the SD card or from the USB port.
uSD slot is where a uSD card can be installed.

The microHDMI connector is where the display is connected.

USB Host can be connected different USB interfaces such as Wifi, BT, Keyboard, etc,

§pbeagleboardorg .., @>beaglebone
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Teensy Technical Specifications

Teensy
Feature 2.0
Price $16.00
Processor
Core Ty
Rated Speed 6
Overclockable =
Flash Memory 315
Z 32
RAM 25
EEPROM 1024
oi -
25
22
5V
20mA
5V
4
12
1
10
1
1
Timers 4 Total
2
2
7
Communication
U 1
1
1
1

Teensy 3.2

ATMEGA32U4 ATO0USB!
AVR AV

Teensy++

2.0 LC
$24.00 §11.65

127 62
32 96
N 64
8 8
4096 128 (emu)
R 4
46
36
5V
20mA
5V
8
8 13
1 1
10 12
1 !
4 1
1 1
R 1
R 12
4 Total 7 Total
2
2 .
9 10
R 1
R 2
R 1
- 1o
1 1
1 3
1 2
- 1
1 2

Teensy

Teensy
3.2

$19.80

1286 MKL26Z64VFT4 MK20DX256VLHT

10mA
5V Tolerant
34

21
2

13
2

12
3

1
12

12 Total

Teensy 3.2

Teensy
3.5

$24 .25

MKB4FX512VMD12  MKB6FX

512
192
256

10mA
5V Tolerant
58

27

2
13

NowW

Y]

17 Total
4
20

1
1
1
4
4
1
1

ARG =

Teensy
3.6

$29.25

58
40+2
3.3V
10mA
3.3V Only
58

25
2
13

1"
4

2
12

19 Total

—aAphaaaN o

SERNNAESLONON

A0VMD18

Units

US Dollars

MHz
MHz

kbytes
Mbytes/sec
Bytes
kbytes
bytes
Channels
Pins

Pins
Volts
milliAmps
Volts
Pins

Pins

Bits

Pins

Pins
Bits

Pins
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For more information, please visit the product page.
A

X CUI INC

SERIES: PYB30-U | DESCRIPTION: DC-DC CONVERTER

date 08/18/2014
page 1of7

FEATURES

s up to 30 W isolated output

industry standard pinout

4:1 input range (S~36 Vdc, 18~75 Vdc)
smaller package

single/dual/triple regulated outputs
1,500 Vvdc isclation

continuous short circuit, over current protection, over voltage protection
temperature range (-40~85°C)
six-sided metal shielding

efficiency up to 90%

P ¥
RoH$
S’
MODEL input output output output ripple efficiency
voltage voltage current power and noise!
typ range min max max max typ
(Vde) (Vdc) (vdc) (mA) (mA) (W) (mVp-p) (%)
PYB30-Q24-55-U 24 9~ 36 5 300 6000 30 100 88
PYB30-Q24-S12-U 24 9~36 12 125 2500 30 100 88
PYB30-Q24-515-U 24 9~36 15 100 2000 30 100 S0
PYB30-Q24-D5-U 24 9~36 +5 +150 +3000 30 100 86
PYB30-Q24-D12-U 24 9~36 +12 +63 +1250 30 100 89
PYB30-Q24-D15-U 24 9~36 +15 +50 +1000 30 100 90
3.3 175 3500
PYB30-Q24-T312-U 24 9~36 £12 £31 1625 26.5 100 85
3.3 175 3500
PYB30-Q24-T315-U 24 9~36 15 125 1500 26.5 100 86
5 150 3000
PYB30-Q24-T512-U 24 9~36 12 £31 L1625 30 100 88
5 150 3000
PYB30-Q24-T515-U 24 9~36 +15 £25 +500 30 100 88
PYB30-Q48-55-U 48 18~75 5 300 6000 30 100 88
PYB30-Q48-512-U 48 18~75 12 125 2500 30 100 88
PYB30-Q48-S15-U 48 18~75 15 100 2000 30 100 89
PYB30-Q48-D5-U 48 18~75 +5 +150 £3000 30 100 86
PYB30-Q48-D12-U 48 18~75 +12 +63 £1250 30 100 87
PYB30-Q48-D15-U 48 18~75 *15 +50 +1000 30 100 87
3.3 175 3500
PYB30-Q48-T312-U 48 18~75 12 131 1825 26.5 100 85
3.3 175 3500
PYB30-Q48-T315-U 48 18~75 15 £25 1500 26.5 100 85
5 150 3000
PYB30-Q48-T512-U 48 18~75 12 £31 165 30 100 88
5 150 3000
PYB30-Q48-T515-U 48 18~75 £15 105 500 30 100 87
Motes: 1. Ripple and noise are measured at 20 MHz BW by “parallel cable” method with 1 uF ceramic and 10 pF electrolytic capacitors on the output.
cui.com
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For more information, please visit the product page

CUlInc | SERIES: PYB30-U | DESCRIPTION: DC-DC CONVERTER date 08/18/2014 ‘ page 2 of 7

PART NUMBER KEY

XX XXX

/// \
Base Number / \ ~
Input Voltage Mounting Type

tII'Ut Heatsink U = U-Frame
= single Output Vcltage "blank" = no heatsink
D = dual
H=
T = triple with heatsink
parameter conditions/description min typ max units
. 24 Vdc input models 9 24 36 Vde
operating input voltage 48 V input models 18 48 75 vde
24 Vdc input models 9 Vdc
start-up voltage 48 Vdc input models (single/dual ocutput models) 18 vdc
48 Vdc input models (triple output models) 17.8 Vdc
" 24 Vdc input models 7.8 Vdc
under voltage shutdown 48 Vdc input models 16 Vdc
for maximum of 1 second
surge voltage 24 Vidc input models -0.7 50 Vdc
48 Vdc input models -0.7 100 Vdc
start-up time 10 ms
filter pi filter
models ON (CTRL open or connect high level, 2.5~12 Vdc)
CTRL® models OFF (CTRL connect GND or low level, 0~1.2 Vdc)
input current (models OFF) 1 mA
Hotes: 1. Contact CULIf you are planning to use this feature in your application.
2. CTRL pin voltage is referenced to GND.
parameter conditions/description min typ max units
full load, input voltage from low to high
line requlation single and dual output models +0.2 +0.5 %
g triple output models (main output) +1 %
triple output models (auxiliary outputs) +5 %
5% to 100% load, nominal input
. single and dual output models +0.5 +1 %
load regulation® triple output models (main output) +2 %
triple output models (auxiliary outputs) +5 %

dual output models:
main output 50% load, secondary output from +5 %
10% to 100% load

cross regulation

single and dual output models +1 +3 %

voltage accuracy triple output models {(main output) +1 +3 %

triple output models (auxiliary outputs) +3 +5 %

adjustability* £10 %
switching frequency PWM mode 400 kHz

transient recovery time 25% load step change 300 500 us

transient response deviation 25% load step change +3 +5 %
temperature coefficient 100% load, single and dual output models +0.02 %/ °C
pe 100% load, triple output models +0.03 %/ °C

Hotes:

3. For dual output models, unbalanced load can not exceed +5%. If +5% is exceeded, it may not meet all specifications.

4. Output trimming available on single and dual output models only.

cui.com
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rident—=

SCNSOIs

Robust, reliable GPS tracking & data communication solutions via lridium www.tridentsensors.com

Trident Sensors’ Dual Element Active

GPS & Passive Iridium Antenna ridium
Everywhere

Features /

s Pressure rated to 6,000 m

e Active GPS & Passive Iridium antenna elements

e Dual cables & connectors for GPS & Iridium

e Rapid position acquisition at the sea-surface

« Small, light-weight, low drag

s Iridium element allows two-way data communications

« Various cable lengths available with a choice of GPS &

Iridium connectors

Feed-through Connection 150 i Do Hlemne Actve GPS & Fssve ium Antenna with
Separate Cobles & Connectors for GPS & Iridium
« For antenna mounting directly onto pressure housing Active GPS Passive Iridium
e 7/16” UNF thread Type Quadrifilar Helix Octafilar Helix
. A Frequency 1573.42-1577.42 MHz 1616-1626 MHz
Appl |Cat|0ns Polarization Right-hand circular Right-hand circular
Voltage 2.8tc3.6V
s AUVsS Current 13 mA
s ROVs Gain +24 dBic +2.0 dBic @zenith
o Drifters Beamwidth 135 Degrees >120 Degrees
» Profiling floats Bandwidth 20 MHz {1 dB) 15 MHz
* Manned submersibles Axial Ratio  <2.0 @Zenith <1.5 @Zenith
e Location & recovery VSWR <201 .01
« Mission data transmission Impedance 0 50
» Command & control Temperature 4010 +85 °C 4010485 °C

Active GPS & Passive

Iridium
Length [excl. thread) 150 mm
Diameter (housing) 25 mm
Thread Length 18 mm
Thread 7/16" - 20 UNF
Weight* ~130g

BS017 (17.17 idx 1.78 mm

Face-seal O-ring section)

Cable* Hirose U.FL Coax / RG-316

Y
| S GPS/Iridium Connector* MCX, SMA, U.FL Plug
Dual Element Active GPS & Passive Iridium Mounted Directiy onta Pressure Housing * Approximate values as customers’ requirements vary. Please specify

desired cable length & connectors. Other connectors may be available.

www.tridentsensors.com Trident Sensors Ltd, UK info@tridentsensors.com
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Key Features

Low cost

Small form factor
Data-only modem capable
of SBD, SMS, data switch
and RUDICS.

Does not support voice
RS-232 interface
Functionally is the same as

Description

The ASLARS is a satellite
modem comprised of an
Iridium 9523 transceiver. It
allows SBD, SMS, data switch
and RUDICS connectivity to
the Indium satellite network. It
does not support voice.

the 95228
* ~70% smaller in volume
than the 95228
o ~70%lighter than the
95228
A3LA-RS Specifications
Mechanical
Dimensions: 3.63"x 1.88"x 0.92" (92 mm x 48 mm x 23 mm}
Weight ~4.3 ounces (122 g)

Data/Power Interface:  15-Pin D-Sub
Antenna Interface: SMA female connector

Enclosure: Hard-anodized aluminum (EMVEMC shielded)
Electrical

Input Voltage Range: 3.5V to 5.4V

Nominal Input: 5VDC

Idle Powier: BOmA @ 5V

Transmitted Power: 3B0mA @ vV

RF Boards

Iridium Transceiver.  Iridium 8523

Environmental

Operating Temperature: —22°F to +158°F {(-30°C to +70°C)

Operating Humidity: < 75%RH

by the

CORPORATION
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XTend®- PR

RF Modems

1 Watt/900 MHz Stand-Alone Radio Modems

900 MHz radio modems offer long-range performance,
advanced networking and simple out-of-the-box
operation with multiple data interface options.

Overview

Digi’s XTend-PKG RF modems provide everything you need
for out-of-the-box serial cable replacement, enabling quick
wireless connectivity of electronic devices across a broad range
of applications. Simply feed data into one modem and the data
is transported to the other end of a long range wireless link.
Data security is provided by 256-bit AES encryption (128-bit
AES is available outside of North America). If more advanced
functionality is needed, the modems support an extensive set of
AT and binary commands.

With superior receiver sensitivity, X Tend modems hear

what others can’t, yielding two- to eight- times the range of
competing RF modems. This allows OEMs and integrators to
cover more ground with fewer transceivers, reducing the cost of
deployment. And with no configuration required, complexity is
minimized.

Available in multiple interface options, including RS-
232/422/485 and USB, and with an optional NEMA

4-rated enclosure, XTend modems are ideally suited for

remote monitoring, building automation/security, industrial
automation/SCADA, fleet management/asset tracking and
sensor data capture in embedded systems. For hazardous
locations, a Class 1, Division 2 rated model is also available.

plication Highlig|

XTenc Radio Modem

(Tencl® Radio Modem

Plastic
Processing

} ﬁﬁ:hm u:]

a4
T
(= |

Resin
Pellet Silos

Features/Benefits

¢ Indoor/urban range up to 3000 feet

¢ Outdoor line-of-sight range up to 40 miles (with high
gain antenna)

¢ Outstanding receiver sensitivity (-110 dBm @ 9600 bps)

¢ Adjustable power output from 1 mW to 1W;
up to 4 W EIRP (with 6 dB antenna)

* Low power consumption for power-sensitive applications
- Pin, serial port and cyclic sleep modes available

¢ Streaming, acknowledged and multi-transmit modes
supported

¢ Easy out-of-the box operation — no configuration
necessary

Durable industrial grade enclosure

www.digi.com
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Features/Specifications

PERFORMANCE

E

¢ Indoor/Urban range (w/ 2.1 dB dipole
antenna): Up to 3000 feet (900 m)
Outdoor RF line-of-sight range (w/
high gain antenna): Up to 40 miles
(64 km)
Outdoor RF line-of-sight range
(w/ 2.1 dB dipole antenna):
Up to 14 miles 22 km)
Transmit power output {software
selectable): 1Tmvy - 1W (0 - 30 dBm)
Interface data rate: 10 - 230,400 bps
(induding non-standard baud rates)
o Receiver sensitivity: -110 dBm
(@9,600 bps throughput data rate),
100 dBm (@115,200 bps)
Throughput data rate (software
selectable): 9,600 or 115,200 bps
* RF data rate:

- 10,000 bps (@9,600 bps throughput

data rate)
- 125,000 bps (@115,200 bps)

CONNECTION
OPTIONS

E

RS-232/422485, DB-9 (XTend-PKG-R}
USB (XTend-PKG-U)

RS-232/4221482, DB-Yscrew terminal
(XTend-PKG-NEMA)

DIMENSIONS

XTend-PKG-R, XTend-PKG-U,
o Length: 2.75in (6.99 an)

o Width: 5.50in (13.97 am)

¢ Depth: 1.13 in (2.86 am)

¢ Weight: 7.10 0z (200 g)
XTend-NEMA

o Length: 5.13 in (13.02 cm)
* Width: 713 in (18.10 an)
Depth: 1.501in (3.81 cm})
Weight: 12.30 oz (348.70 g)

ENVIRONMENTAL

You can purchase with confidence knowing that Digi is ahways available to serve you with expert technical

XTend-PKG-R, XTend-PKG-NEMA
e -40° C to 85° C {industrial}
XTend-PKG-U

e 0°C to 70" C {commercialy

POWER
REQUIREMENTS

All models

*  Power supply voltage: 7 - 28V

XTend-PKG-R

¢ Receive current: 110 mA

¢ Pin sleep power-down: 17 mA

Serial port sleep power-down: 45 mA

Idle current (various oyclic sleep

intervalsy: 19 - 39 mA

* Transmit current (1 m¥y - TWTX
power output): 110 - 900 mA

XTend-PKG-U

® Receive current:

100 mA (Self Power)

Pin sleep power-down: 17 mA

Senial port sleep powver-down: 45 mA

Idle current (various cyclic sleep

intervals): 21 - 35 mA (Self Powver}

Transmit current {1 m¥¥ - W TX

power output): 88 - 480 mA

XTend-NEMA

* Receive current: 100 mA

* Pin sleep power-down: 17 mA

Senial port sleep power-down: 45 mA

Idle current (various cyclic sleep

intervals): 19 -39 mA

* Transmit current (1 mW - TWTX
power output): 110 - 900 mA

ANTENNA

XTend-PKG-R, XTend-PKG-U
* Connector: RPSMA (Reverse Polarity SMA)
¢ Impedance: 50 ohms unbalanced
XTend-NEMA (Weatherproof)
+ External antenna version

- Connector: RPTNC

- Impedance: 50 ohms unbalanced
¢ Intemal antenna version

- Connector: MMCX

- Impedance: 50 chms unbalanced

CERTIFICATIONS

All models

* FCCPart 15.247: OUR-9XTEND

¢ Industry Canada (1C): 4214A-9XTEND
NEMA endosure

* IP66/67,IP 66

¢ K08

¢ NEMA1,4,4X 6 (12 and 13)

e UL94-5V, UL 508

support and our industry leading warranty. For detailed information visit www.digi.com/support

877-912-3444
952-912-3444

www.digi.com

+33-1-55-61-98-98
www.digi.fr

+81-3-5428-0261
www.digi-intl.cojp

+65-6213-5380

NETWORKING AND
SECURITY

Frequenay: [SM 902 - 928 MHz

Spread Spectrum: FHSS (Frequency

Hopping Spread Spectrum)

Meodulation: FSK {Frequency Shift Keying)

Supported Network Topologies: Peer-to-peer

{no masterfslave dependendes), point-to-point,

point-to-multipoint and multidrop

Channel Capacity: 10 hop sequences share

50 frequencies

Encryption: 256-bit AES Encryption

- AES algorithm meets Federal Information
Processing Standard-197 (FIPS-197)

XTend-PKG-R - Front

Reset Power
Switch 1/0 & DB-9M RSS| Connector
Power Console LEDs
LEDs

XTend-PKG-R - Back

bip Antenna
Switch  Connector

XTend-PKG-U - Front

Power
1/0 & usB Connector
Power
LEDs

XTend-PKG-U - Back

. ©
R

Config Antenna
Switch Cenneder

91001399
B2/911

1Y
+86-21-50492199
www.digi.com.an

www.digi.com

© 1994-2015 Digi International Inc. All rights reserved. All other trademarks are the property of their respective owners.
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Zero-Variable Wireless Infrastructure Deployment
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Completely integrated Radio

Directly plugs into any Antenna
that has a Type N female connector

ST M

Robust Weatherproof Design
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Specifications

Memory Information

orking Interface

ss Approvals

RoHS Compliance

RF Connector

Enclosure Size

Power Method

ting Temperature

ng Humidity
Shock and Vibration

Consumption

Outdoor (Antenna Dependent)

* POE Adapter is sold separately

Ubiquiti N

s, Inc. Copyright © 2011, All Rights Reserved

Atheros MIPS 24KC, 400MHz
32MB SDRAM

1 X 10/100 BASE-TX (Cat. 5, RJ-45) Ethernet

FCC Part 15,247, IC RS210, CE

Male Jack {connects directly to antenna)

h, width, height)

1 Plastic

; 7, 8 return)”

6 Watts

Over 50km

w.ubnt.com
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Series CCR-33S/CR-33S
Miniature DC-18 GHz/DC-22 GHz
Latching SPDT Coaxial Switch

"‘ TELEDYNE
COAX SWITCHES
Everywhereyoulook”

PARTNUMBER DESCRIPTION

CCR-338 Commercial Latching SPDT, DC-18GHz
CR-33S Elite Latching SPDT, DC-22GHz

The CCR-33S/CR-33S is a broadband, SPDT, electromechanical, coaxial switch designed to switch

a microwave signal from a common input to either of two outputs. The characteristic impedance is 50
Ohms. The small switches incorporate SMA connectors.

The CCR-33S/CR-33S series switch is offered with a latching actuator. This design is compatible with
the two most common mounting hole patterns. The CCR-33S/CR-33S series switch is interchangeable
with a variety of switches.

RoHS Compliant

Available with
USB & Ethemet
Control!

b4

Click here
WIMA SERIES

ENVIRONMENTAL AND PHYSICAL CHARACTERISTICS ELECTRICAL CHARACTERISTICS

Operating Temperature Form Factor SPOT,

Commercial Model, CCR-33S —-40°C to 65°C break before make

Elite Model, CR-33S -55°C to 85°C Frequency Range

Vibration (MIL-STD-202 Method 214, 10 g's RMS CCR-338 DC-18 GHz

Condition D, non-operating) CR-33S DC-22 GHz

Shock (MIL-STD-202 Method 213, 500g's Characteristic Impedance 50 Ohms

Condition D, non-operating) Operate Time 10 ms (max)

Standard Actuator Life 5,000,000 cycles » .

Actuator Life w/ Additional Features 1,000,000 cycles Aclualfon oitage AvalEble 20T 2 O
ConmechrTyPe SMA Actuation Current, max. @ ambient 140 170 90 65 mA
Humidity (Moisture Seal) Available

Weight 1.65 oz. (46.78g) (max.)

TYPICAL PERFORMANCE CHARACTERISTICS

Frequency DC-4 GHz 4-8 GHz 8-12 GHz 12-16 GHz 16-20 GHz 20-22 GHz
kot 01 02 02 03 0.4 0.4
ypical.
Isolation, dB, typical. 90 90 80 70 65 65
VSWR |, typical. 111 111 1.1:1 1.21 1.21 1.21
For maximum limits, please see charts on page 3-5
PART NUMBERING SYSTEM
CCR-33 S 6 C - T*
Connectors Actuator Type
Actuator Voltage
Connector Actuator Voltage Actuator Type Options
S: SMA Female 6: 28 Vdc Latching 0: Standard Contacts T: TTL Drivers with Diodes

7: 15 Vdc Latching
8: 12 Vdc Latching
9: 24 Vdc Latching

For other options, contact factory.

C: Indicator Contacts
D: Self Cutoff Only

E: Indicators and Self Cutoff

**SEE PARTS LIST ON PAGES 8-9

D: Transient Suppression
Diodes

R: Positive + Common

N: Narrow Body

M: Moisture Seal

S: 9 Pin D-Sub Connector

© 2015 TELEDYNE RELAYS

(800) 284-7007 » www teledynecoax.com

CCR-33S/CR-33S Page 1

CCR-33S\CR-3351092015\Q3
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MINIATURE HIGH DENSITY SERIES

DESCRIPTION AND
MATERIAL

CABLE

USES

GUIDELINES

» 316 stainless steel passivated per QQ-P-35 Type VI with naval
bronze engaging nut.

= Special alloys are available upon request (contact factory).

+ Contains a removable glass reinforced epoxy insert.
(Except for MHDG series and CCP's)

= Up to 96 contacts.

*Up to 600 VDC.

« 10,000 PSI in mated condition (higher pressure rating available
using special alloy metal shell; please contact factory).

«Bulkhead connector design open face pressure rated to 5,000 psi.

* MHD-CCR/CCP connectors can be overmolded with polyurethane.

= Contacts are gold plated per MIL-G-45204.

* Connector's amperage and voltage may be limited by the
amperage and voltage ratings of the cable to which the con-
nector is molded.

* This series is not molded to cable unless specified at the time
of order.

* Signal telemetry.

* Hazardous environment.

«FCR is mounted by use of four equally spaced bolts around the
flange surface.

*FCR is used in place of the BCR when the use of a bulkhead
nut and washer is impractical.

*For all open face pressures above 5,000 PSI the BCR, FCR must
be back potted (please contact the factory).

»The CCR is used in a variety of environments where
cable to cable termination is necessary.

« Mounting torque should not exceed 150 in Ibs. for this series.

* All mounting surfaces require a 32 finish.

= Align indexes.

« Keep o-ring grooves clean.

* Avoid o-ring cuts and nicks.

« Lubricate o-rings with Dow Corning #111 Valve Lubricant or
equivalent.

*Replace o-rings when re-using connectors.

* Avoid contact with noxious solvents.

« Elastomers can be seriously degraded if exposed to direct
sunlight or high ozone levels for extended periods of time.

Technical Bulletin 85 01

1-800-327-0971  © 2015 Teledyne Impulse Rev.2013-A
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R it
MHDG MINIATURE HIGH DENSITY SERIES
535 STAINLESS 69 DIA
STEEL \
56
MHDG-CCP
NEOPRENE/ VB%E'ENR‘C 151
POLYURETHANE
OVERMOLD
NAVAL —/
] BRONZE
STAINLESS
™ STEEL
325 MHDG-CGP-RA
MHDG-CCP L~
213 RETAINING RING | T\ ‘ ‘
5100-68H
PR R LLRLALK MHDG-CCR
RIS
=
LE < 38
7= MATED
# LENGTH
S~ O-RING
2.017 26 414
STAINLESS (SEEDETALA)  MATED
STEEL LENGTH
ALIGNMENT
KEY POLYURETHANE
OVERMOLD
—=|  100DIA |=—
O-RING N,
2-016
f STAINLESS
R
1.02 L—— ORING
2015
¢ B ‘
38 k 94 HEX
* ORING
5.254
9/16-18 UNF-2A
DETAIL A
Technical Bulletin 85 20 Rev.2015-A

1-800-327-0971  ©2015 Teledyne Impulse
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MHDG MINIATURE HIGH DENSITY SERIES

CONTACT

CONFIGURATION
(BCR FAGE VIEW)

2814 3#16 5#16

600vDC 600vDC

300vDC

4X 125 DIA THRU /

STAINLESS
2416 316 %20 10820
STEEL \ 5420 5420
* \ 300VDC 300VDC 300VDC 300VDC

1
g O o?

1412
0o o o o3
Bl -1

’ 2420 2#20 1#20
12422 13422 15#22
O-RING 5-254 “ 300VDC 300VDC 300vDC
ORING 5565 576 DIA [ea— MOUNTING INSTRUCTIONS
906 -
- 15° LEADIN / CHART
32 CHAMFER e
580
80 pia |<7
MOUNTING TORQUE not to exceed .
RS hoR s MATED PRESSURE RATING (psi) 10,000
DUMMY PLUG FOR DUMMY PLUG FOR
MHDG-BCRIFCRICCR MHDG-SCP MHDG-CCP MHDG-SCR

NOTE: CCP is not terminated to cable unless specified.

* Please specify number of contacts.

** Internal assembly same as MHDG-BCR (facing page).

*** Blind tapped hole not to penetrate bulkhead, minimum full thread depth 2 times bolt diameter.
= Qil filled version available. See section 86.

e O-Ring installation tool available - Contact factory for further details.

Technical Buletin 85 21 1.800-327-0971  © 2015 Teledyne Impulse Rev.2015:A
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Xtreme-Net

Ruggedized Deepwater Ethernet Cables

Application

XtremeNet® Cables are designed for use in desp-waler, subsea applications or where high-speed Ethernet data transmission is recuired.

Design

These uniguely designed cables are able to maintain high-speed Etherrel data transmission while under extreme water pres-
sure, even exceeding 10,000 PS|

Opticnal constructions with additional power conductars, shielding, synthetic strength layers or steel armar can be oroered.

Jacket made of Falmat's specially formulated, high-temp “Xtreme” grade polyurethane with excellent abrasion and cut resistance,
low coeflident of friction and good lexibility with cvermaold compatibility, Hot rubber mold compatible te 120C up to 90 minutes,

Extensively tested and validated to meet industry Ethernel standard TIA/EIA-568B, with less then 2% change in values when
tested to 6,000 PSI.

Data rates of 100Mbps Fast Fthernet, 270Mbps Digital Viceo and up to 1Gigabit Fthernet can be achieved, as well as RS-485
and DSL rates.

Rating: -25C to 90C, 600V. Some power wires to Tky. (Ratings not UL listed)

Optional Aramid fiber layer of 1,200 |b. break strength will not increase diameter listed. Please
use suffix K12 after each part number when inquiring about cables with optional aramid fiber

Ordering
Options

PART NUMBER

DATA RATE

2

rated for 1,200 b,

Higher strength ratings can be ordered up to 50K bs.
Armored versions using braided stainless steel or double served steel can be special ordered.

DESCRIPTION

A 1Gig rates up to 70 mtr. and potentially 90 mtr. lengths.

SHIELD

DIA. (in.)

DIA. (mm)

FM022208-01 100mb Cat5E  2pr-24AWG Data, 2C-14AWG Power Alum/Braid 0.422 10.7
FM022208-02 100mb CatSE  2pr-24AWG Data, 2C-14AWG Power 0.397 10.1
FM022208-03 100mb CatSE  2pr-24AWG Data, 2C-18AWG Power Alum/Braid 0.371 9.4
FM022208-04 100mb CatSE  2pr-24AWG Data, 2C-18AWG Power 0.364 8.8
FM022208-05 1Gig Cat5E-6%  4pr-24AWG Data 0.440 11.2
FMO022208-06 1Gig Cat5E-6*  4pr-24AWG Data Alum/Braid 0.462 17.7
FMO022208-07 1Gig Caten 4pr-23AWG Data 0.472 12.0
FM022208-08 1Gig Caten 4pr-23AWG Data Alum/Braid 0.495 12.6
FM022208-09 1Gig Cater 4pr-23AWG Data 4C-22AWG Control 0.472 12.0
FM022208-10 1Gig Cater 4pr-23AWG Data 4C-20AWG Control 0.472 12.0
FM022208-11 1Gig Cate” 4pr-23AWG Data 10C-20AWG Control 0.616 15.6
FM022208-12 1Gig Cat6” 4pr-23AWG Data 10C-20AWG Control Alum/Braid 0.640 16.3
FMO022208-14 1Gig Cater 4pr-23AWG Data 4C-18AWG Control Alum/Braid 0.500 12.7

*100 Mb rates up te 100 mtr., 1Gig rates over shorter distances up to 50 mtr.

Falmat, Inc. 760.471.5400 Tef
FALM AT 1873 Diamond Street 760.471.4970 fFax
CUSTOM CABLE TECHNOLOGIES San Marcos, CA 92078 USA www.falmat.com @206 Falma: 1nc. Al righis ~eserved, Made it the UsA.
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Power Springs

POWWERSPRINGS ARE AVAILABLE IN
S DIAMETERS

At each of these diameters length is available
from 1 00mm to 100m with a length tolerance of
-/+ 1% or Smim. PowerSprings can be specified
in a similar way to a steel extension spring. A
typical specification chart is shown in the table

The load at any extension can be calculated
using the forrmula:

Load =S % E + FO
twhere S =spring rate, E = % extension
and FO =initial tension)

FOWERSPRIMGS STANDARD TERMINATICNS

WWWLIBEXMARINA.COM

Designed to harness the power of the elemental materials,

Pawer Springs are high-strength elastic tension/extension springs
rnanufactured from a natural rubber core endosed in braided fibre
inner and outer covers

PewiverSprings deliver a unique combination of poaer and load
characteristics that offer a high performance alternative to coiled
steel springs

+

Exceptional load - weight ratio
Wirtually no restriction on length
Cutstanding flexibility

Tested beyond 5,000,000 cycles
Mon magnetic

Cherrical resistance

Wide ternperature service range
Awailable in endless ring applications

+

+*

+

+

+

+

+

Essential to the versatility of Powersprings is its patented termination
aptians.

In external tests carried out by the Institute of Spring Technology, in
excess of 5,000,000 load cycles had been achieved.

Arange of stainless steel and aluminium end fittings are used

as standard, but custorised end options can be fitted to meet
application demands. Additionally for special requirernents, to meet
British Standard 3F70:19%1 for exarmple, or when high performance is
required, different fibre sheathing cover materials can be used.

125 045 487 (109) 135 (36) 174 (38) Ay 351 085

180 Dad  E26 0185 190 (42) 2&1 (B2 Ay TO7 (155
190 078 1162 (2630 24& (58) 248 (F&) Ay 1004 2 28)
200087 1565 (352) 26782  500(112) Ay 13.21 2.99)
2600020 1967 (4400 538 (121)  &9a (154) Ay 18.77 254
20026 3226 (F4R T7A2 (U7 1085 (23%) Ay 2827 1635

Pre-koad = load at 10% extension
Initial tension = cakulated value that assumes the modulus is constant to zero extension

Standard Standard Shortie ‘E" = Type Shortie
S : i
0
\J
_ -
Alumninium
1258 18 1% 7 45 28 & 18 11 R 86 25 19 15 7 45 28 & 18 11 EL) =1 28
14 2:4 M 7 &1 26 B 21 1 4 =33 22 B4 21 7 &1 28 E-) 21 11 41 &5 22
1% 288 19 7 55 28 il 21 M 44 &7 33 Zaa 1B 7 55 28 Eicl il 11 A &7 33
22 e 23 il 5% 27 &3 22 15 a4a 70 22 218 22 10 52 27 a2 22 15 45 e 2.2
26 2B1 2 i) 233 27 =) EL 15 50 &0 22 32&1 I8 10 =53 27 =33 E 15 B0 a0 4
3z 445 20 0 bl 2% 11 34 15 a7 =) 33 445 30 10 il = 111 ELY 15 &7 93 EX]

This inforiaion s be subject to chan g

BRUNSWICK STREET, HEYVWOOD, LANCASHIRE QL0 1HA UNITED KINGDOM CALL 444 (017068 360363 FAX: (D706 A22586 EAMAIL: SALES@IBEXAARINA COAL
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TrustLink Stress Terminations
Rugged connectivity solutions for heavy loads

TrustLink stress terminations represent a range of

rugged, safe and reliable solutions for connecting a cable

to a towed or profiling system or for handling a heavy piece

of cabled underwater equipment or a subsea installation.

Terminating and moulding the cable to a connector
ensures a watertight connection from the cable to the
subsea equipment

MacArtney holds TrustLink stress terminations in stock

for steel or kevlar atmoured cables with a broad variety of

industry standard diameters.

TrustLink stress terminations are available in either a
‘shackle’ or ‘fork’ termination design. While standard
TrustLink stress terminations are available with safe
working loads (SWL) ranging from 400 to 14,500 kg,

MacArtney also holds extensive experience in designing

custom stress termination solutions for loads of up to 100

tons.

Specifications

m  Standard SWL range 400-14,500 kg
m Body material: stainless steel AlS| 316

Features and benefits

m  Simple, rugged, dependable and flexible connectivity
solutions for multiple applications

‘Shackle’ and ‘fork’ termination designs available
Extremely high durability

Easy to re-terminate

Watertight connection from cable to system

Wide range of loads handled

Applications

m Subsea drilling, coring and CPT systems
Drop-camera systems

Remotely operated towed vehicles (ROTV)

Custom towed sensor platforms and towfish
applications

Side scan scnars

CTD systems and sampling rosettes

Sound velocity sensors

Dive support equipment

Dredging support systems

Installing and recovering cabled subsea installations
General lifting and handling of towed systems
General lifting and handling of profiling systems and
equipment

Options
m  Customisable from 1 to 100,000 kg SWL

m Termination and moulding to connectors and cables
m  Moulded bend stiffeners
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MacArtney

UNDERWATER TECHNOLOGY!

Type |-F Bend Restrictor for illustration only

Type |-5 Bend Restrictar for illustration only

Type I-F Bend Restrictor for illustration only

H

Type I-§ Bend Restrictor for illustration only

Type W=§ Bend Restrictor fer illustration only

s
5
Specifications
Cable range Max SWL Qverall 0D G weight of ter
Type mm kg mm kg
Type I-F %3 to 8 400 230 04
Type I-S 3 to 98 660 %30 04
Type lI-F 88to 514 800 543 1.6
Type lI-S 68to 514 1,500 543 2
Type lll-8 14 to 625 4,250 874 8
Type IV-S 925 to 435 8,000 e 110 328
Type V-S 35 t0 645 14,500 8150 717

AAR2BUUOD
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+ NEMA Size 23 BLDC Motors
« Compact Size and Power Density
« Cost-Effective Solution

ﬁ « Long Life and Highly Reliable
% « Can be Customized for
';: - Maximum Speed
L - Winding Current
- - Shaft Options
- Cables and Connectors
« CE Certified and RoHS Compliant
=
(@]
=8 The BLWS23 Series Brushless DC Motors come in a compact package with high power density. These motors are cost-effective
23 solutions to many velocity control applications. They come in five different stack lengths to provide you with just the right torque for
?_:; your application. The motors come in a standard 8-lead configuration. We can also customize the windings to perfectly match your
1) voltage, current, and maximum operating speed. Special shaft modifications, cables and connectors are also available upon request.
&
No Back Line to N N alw
Model # \ZTI‘;E; e g ::::1 S;hf:r ';ar;eude CLDfad CT(:Jnrglfm EN_IF _ _L.‘_"E _ hl\r;z ::‘lj-.]zls: \ﬁg:ﬂ; WEig_'_ht Ler\;Qm
(W3] (RPM) W {0z-in) L{" G (oz-infA) .V:)huge P R"‘fhlht ance (mH) (oz-in-sec?) (i) (in)
. N ’ R N : (A) - (VIKRPM) (ohms) ’ :
BLWS231D-24V-2000 24 2000 11.5 7.79 0.40 7.50 550 6.00 12.70 0.00042 0.84 1.72
BLWS2315-24V-2000 24 2000 1.5 7.79 0.40 7.50 5.50 6.00 12.70 0.00042 0.84 1.72
BLWS231D-36V-4000 36 4000 22 7.79 0.20 7.50 5.50 420 9.70 0.00042 0.84 1.72
BLVWS2313-36V-4000 36 4000 22 7.79 0.20 7.50 550 4.20 9.70 0.00042 0.84 1.72
BLYWS232D-12V-500 12 255 13 7.08 0.18 27.33 16.10 22.00 56.00 0.00106 1.10 2.1
BLWS2325-12V-500 12 255 1.3 7.08 0.18 27.33 16.10 22.00 56.00 0.00106 1.10 2.1
BLWS232D-24V-1350 24 1350 16 15.58 0.30 16.43 9.50 6.88 18.00 0.00106 1.10 2.1
BLWS2323-24V-1350 24 1350 16 15.58 0.30 16.43 9.50 6.88 18.00 0.00106 1.10 2.1
BLWS232D-24V-4000 24 4000 46 15.58 0.50 5.48 4.00 0.82 2.30 0.00108 1.10 2.1
w BLWS2325-24\-4000 24 4000 46 15.58 0.50 5.48 4.00 0.82 2.30 0.00108 1.10 n
% BLWS232D-36V-4000 36 4000 4 14.16 0.40 8.50 4.50 2.40 4.39 0.00106 1.10 2.1
|: BLWS2325-36V-4000 36 4000 4 14,16 0.40 8.50 4.50 2.40 439 0.00108 1.10 2.1
< BLWS233D-24V-4000 24 4000 92 3115 0.50 6.09 3.50 0.35 1.00 0.00169 165 290
E BLWS2333-24V-4000 24 4000 92 3115 0.50 6.09 3.50 0.35 1.00 0.00169 165 290
6 BLWS233D-36V-4000 36 4000 92 31.15 0.50 8.92 4.80 0.58 2.10 0.00169 1.65 290
LU BLWS2333-36\/-4000 36 4000 92 31.15 0.50 8.92 4.80 058 2.10 0.00169 165 2.90
% BLWS234D-36V-4000 36 4000 134 4532 0.50 8.50 4.80 0.45 1.50 0.00245 220 369
BLWS234S-36V-4000 36 4000 134 45.32 0.50 8.50 4.80 0.45 1.50 0.00245 220 3.69
BLWS234D-45V-1400 45 1400 44 42.48 0.50 2832 16.00 420 15.00 0.00245 220 369
BLWS2345-45\-1400 45 1400 44 42.48 0.50 28.32 16.00 4.20 15.00 0.00245 220 369
BLWS235D-24V-500 24 240 57 31.86 0.15 59.48 34.10 18.00 55.00 0.00326 2.76 447
BLWSZ235S-24V-500 24 240 57 31.86 0.15 59.48 34.10 18.00 55.00 0.00326 2.76 4.47
BLWS235D-36V-4000 36 4000 184 62.31 0.40 8.92 4.60 0.38 1.00 0.00326 276 4.47
BLWS2355-36V-4000 36 4000 184 62.31 0.40 8.92 4.60 0.38 1.00 0.00326 276 4.47
BLWS235D-36V-10000 36 10000 183 2478 1.50 453 2.30 0.09 0.25 0.00326 276 4.47
BLWS2355-36V-10000 36 10000 183 2478 1.50 453 2.30 0.09 025 0.00326 276 4.47
BLWS235D-160V-3000 160 3000 157 70.80 0.20 46.73 26.00 11.00 3350 0.00326 2.76 447
BLWWS2355-160V-3000 160 3000 157 70.80 0.20 46.73 26.00 11.00 23.50 0.00326 276 447

L010229 Note: The 8th character “S” denotes a single shaft, use “D" for double shaft. Custom leadwires, cables, connectors,
and windngs are available upon request.

. 4985 E. Landon Drive Anaheim, CA 92807 Tel. (714) 9926990 Fax. (714) 992-0471 www.anaheimautomation.com
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SINGLE SHAFT DIMENSIONS

81£.02 |= ——
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©.2500_"gq05
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All units are in Inches

©1.500

DUAL SHAFT DIMENSIONS

=
13 0!:1.2:1

Wire Color  Description

L+04 = 67£04 =
—={—=—.060
- .y
| E—

13.0:1.2 ‘

1.81£.01 =

. M25
15,2 PLCS

Hall Sensor Specifications

— Hal Supnly PH¢ESE A Supply Voltage: 4.5VDC to 28YDC
Current, | - 10mA max
g Blus flallA Current, |_: 11.3mA max
o Green Hall B Rated Sinking Current: 20mA
s White Hall C Saturation Voltage: 0.4VYDC max @ 25°C
== Black Hall Ground Output Leakage Current: 10pA
2 e PITEER PHASE B PHASE C  Output Switching Time @ 25°C
] Red Phase B RED BLK Rise, 10% tc 80% 1.5us
|<T: Black Phase C Fall, 90% to 10% 1.5us
O Output Type: Open Collector
L
8 Winding Type: Delta, 4 Poles Max. Radial Force: 75N @ 20mm from the Flange
% Hall Effect Angle: 120 Degree Electrical Angle Max. Axial Force: 10N
Shaft Run Out: 0.025mm Insulation Class: Class B
Radial Play 0.02mm@450g Dielectric Strength 500VDC for one Minute
End Play: 0.08mm@450g Insulation Resistance: 100MOhm, 500VDC

. { 4985 E. Landon Drive Anaheim, CA 92807 Tel. (714) 992-6990 Fax. (714) 992-0471 www.anaheimautomation.com

219




Carefully Made Shaft Collars and Couplings

PCR12-1/4"-6MM-A
Ruland PCR12-1/4"-6MM-A, 1/4" x 6mm Four Beam Coupling, Aluminum, Clamp
Style, 0.750" (19.1mm) OB, 0.900" {22.9mm) Length

Description

Ruland PCR12-1/4"-6MM-A is a four beam coupling with 1/4" x rmm bores, 0.750" (19.1mm) OB, and 0.900" (22.9mm) length. It is machined from a single
piece of material and feature two sets of two spiral cuts, This gives it higher torque capacity, lower windup, and larger body sizes than single heam couplings.
PCR12-1/4"-6MM-A is well suited for applications such as encoders that require high positioning accuracy. This four beam spiral coupling is zero-backlash
and has a balanced design for reduced vibration at high speeds of up to 6,000 RPM. All hardware is metric and tests beyond DIN 912 12.9 standards for
maximum torque capabilities. PCR12-1/4"-6MM-A is made from 7075 aluminum for lightweight and low inertia. It is machined from bar stock that is sourced
exclusively from North American mills and is RoHS2 and REACH compliant. PCR12-1/4"-6MM-A is manufactured in our Marlborough, MA factory under strict

controls using proprietary processes.

Product Specifications

Large Bore B1
B1 Shaft Penetration

Outer Diameter OD

Length L

Screw Material

Screw Finish

Number of Screws
Angular Misalignment
Parallel Misalignment
Axial Motion
Moment of Inertia

Material Specification

Finish Specification
Country of Qrigin
Note 1

Note 2

Note 3

Prop 65

0.250in
0.422in, 10.7 mm
0.750in / 19.1 mm

0.900in /22.9 mm

Alloy Steel

Black Oxide

2ea

3

0.008 in, 0.20 mm

0.005 in, 0.13 mm

0.0025 |b-in%, 0.731 x10° kg-m*

7075-T651 Extruded and Drawn
Aluminum Bar

Bright
USA

Small Bore B2
B2 Shaft Penetration

Bore Tolerance

Cap Screw

Hex Wrench Size

Seating Torque

Static Torque

Dynamic Torgue Non-Reversing
Dynamic Torgue Reversing
Torsional Stiffness

Maximum Speed

Temperature

Manufacturer
Weight (Ibs.}

Torque ratings are at maximum misalignment.

6 mm
0.422in, 10.7 mm

+.001 in / -.000 in, +.025 mm / -.000
mm

M2.5

2.0 mm

1.21 Nm

14 |b-in, 1.58 Nm

7 Ib-in, 0.79 Nm

3.5 |b-in, 0.40 Nm

0.330 Deg/lb-in, 2.82 Deg/Nm
6,000 RPM

-40°F to 225°F
-40°Cto 107°C

Ruland Manufacturing
0.0590

Perfarmance ratings are for guidance only. The user must determine suitability for a particular application.

Torque ratings for the couplings are based on the physical limitations/failure point of the machined beams. Under
normal/typical conditions the hubs are capable of holding up to the rated torque of the machined heams. In some
cases, especially when the smallest standard bores are used or where shafts are undersized, slippage on the shaft is
possible below the rated torque of the machined beams. Keyways are available to provide additional torque capacity
in the shaft/hub connection when required. Please consult technical support for mare assistance.

&WARN\NG This product can expose you to the chemical Ethylene Thiourea, known to the State of California to
cause cancer and birth defects or other reproductive harm. For more information go to www.P65Warnings.ca.gov.

Ruland Manufacturing Co., Inc.

& Hayes Memorial Drive = Marlborough, MA 01752 « Main 508-485-1000 » Fax 508-485-9000 » Email sales@ruland.com » www.ruland.com
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SBL13xx

30A

Forward/Reverse
Brushless DC Motor
Controller with

Hall and Encoder Inputs,
USB and CAN

Roboteq’s SBL13xx is a high-current controller for hall-sensor
equipped Brushless DC motors. The controller uses the posi-
tion information from the sensors to sequence power on the
motor’s 3 windings in order to generate smooth continuous
rotation. The controller also uses the Hall sensor or encoder

Key Features

input information to compute speed and measure travelled dis-

tance inside a 32-bit counter. The motor may be operated in

open or closed loop speed mode. Using low-cost position sen-

sors, they may also be set to operate as heavy-duty position
SErvos.

The SBL13xx accepts commands received from an RC radio,
Analog Joystick, wireless modem, or microcomputer. Using
CAN bus, up to 127 controllers can be networked on a single

twisted pair cable. Numerous safety features are incorporated

into the controller to ensure reliable and safe operation.

The controller's operation can be extensively automated and

customized using Basic Language scripts. The controller can be
configured, monitored and tuned in realtime using a Roboteq’s
free PC utility. The controller can also be reprogrammed in the

field with the latest features by downloading new operating
software from Roboteq.

Applications

Electric Bikes

Machine Control

Terrestrial and Underwater Robotic Vehicles

Automatic Guided Vehicles

Police and Military Robots

Hazardous Material Handling Robots

Telepresence Systems
Animatronics

Industrial Controls

Hydraulic Pumps control

RS232, 0-5V Analog, or Pulse (RC radio) command modes
Available in version with CAN bus up to 1 Mbit/s

Auto switch between RS232, Analog, or Pulse based on
user-defined priority

Built-in 3-phase high-power drivers for one brushless DC
motor at up to 30A

Trapezoidal switching based on Hall Sensor position infor-
mation

Full forward & reverse motor control. Four quadrant opera-
tion. Supports regeneration

Operates from a single power source

Programmable current limit up to 30A for protecting con-
troller, motor, wiring and battery.

Connector for Hall Sensors

Accurate speed and Odometry measurement using Hall
Sensor or encoder data

Quadrature encoder input with 32-bit counter

Up to 4 Analog Inputs for use as command and/or feed-
back

Up to 4 Pulse Length, Duty Cycle or Frequency Inputs for
use as command and/or feedback

Up to 6 Digital Inputs for use as Deadman Switch, Limit
Switch, Emergency stop or user inputs

Two general purpose 40V, 1.5A output for brake release or
accessories

Custom scripting in Basic language. Execution speed
50000 lines per second

Selectable min, max, center and deadband in Pulse and
Analog modes

Selectable exponentiation factors for each command
Inputs

SBL13xx Motor Controfler Datasheet

221




IRoboteQ

¢ Tngger action if Analog, Pulse, Encoder or Hall counter .
capture are outside user selectable range (soft limit
switches) .
¢ Open loop or closed loop speed control operation .
e Closed loop position control with encoder, analog or .
pulse/frequency feedback
¢ PID control loop .
«  Configurable Data Logging of operating parameters on .

RS232 Output for telemetry or analysis
*  Builtin Battery Voltage and Temperature sensors

«  Optional 12V backup power input for powering safely the .
controller if the main motor batteries are discharged

*  Power Control wire for turning On or Off the controller
from external microcomputer or switch

¢ No consumption by output stage when motors stopped
e Regulated BV output for powering RC radio, RF Modem
of microcomputer

*  Separate Programmable acceleration and deceleration
for each motor

*  Support for two simplfied CAN protocols
«  Efficient 10 mOhm ON resistance MOSFETs
«  Auto stop if no motion is detected

Orderable Product References

Stall detection and selectable triggered action if Amps is
outside userselected range

Short circuit protection with selectable sensitivity levels
Quervoltage and Undervoltage protection

Watchdog for automatic motor shutdown in case of
command loss

Overtemperature protection

Diagnostic LED

Efficient heat sinking using conduction bottom plate
Operates without a fan in most applications

Power wining via screw terminals
70mm x 70mm x 27mm

-400 to +850 C operating environment
20z (B0g}

Easy configuration, tuning and monitory using provided
PC utility

Field upgradeable software for installing latest features
wvia the internet

Reference Number of Channels Amps/Channel Volts CAN USB
SBL1330 1 30 30 Yes Yes
SBL1360 1 30 60 Yes Yes

Note: Brushless DC motor controllers require Hall Sensors to drive motors

2 SBL13xx Motor Controller Datasheet

Viersion 1.3 April 06, 2014
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Electrical Specifications

Electrical Specifications

Absolute Maximum Values

The values in the table below should never be exceeded. Permanent damage to the controller may result

TABLE 6.
Parameter Measure point Model Min Typ Max Units
Battery Leads Voltage Ground to VMot SBL1330 35 Volts
SBL1360 60 Volts
Reverse Voltage on Battery Leads | Ground to VMot All -1 Volts
Power Control Voltage Ground to Pwr Control wire All 65 Volts
Motor Leads Voltage Ground to U, V, W wires SBL1330 30 (1) Volts
SBL1360 60 (1) Volts
Digital Output Voltage Ground to Qutput pins All 40 Volts
Analog and Digital Inputs Ground to any signal pin on 15-pin & [ All 15 Volts
Voltage Hall inputs
RS232 1/ pins Yoltage External voltage applied to Rx/Tx pins | All 15 Volts
Case Temperature Case All A0 85 oC
Humidity Case All 1002 | %
Note 1: Maximurm regeneration voltage in normal operation. Never inject a DC voltage from a battery or other fixed source
Mote 2 Non-condensing

Power Stage Electrical Specifications (at 250C ambient)

TABLE 7
Parameter Measure point Model Min | Typ Max Units
Battery Leads Voltage Ground to VMot SBL1330 ol 30 Volts
SBL1360 o 60 Volts
Motor Leads Voltage Ground to U, V, W wires SBL1330 o 30 (2) Volts
SBL1360 o 60 (2) Volts
Power Control Voltage Ground to Power Control wire | All o) 65 Volts
Minimum Operating Voltage VMot or Pwr Ctrl wires All 9(3) Volts
Over Voltage protection range Ground to VMot SBL1330 5 55 {4} 30 Volts
SBL1360 5 b5 4} 60 Volts
Under Voltage protection range Ground to VMot SBL1330 0 5 ) 30 Volts
SBL1360 0 5{4) 60 Volts
Idle Current Consurmption VMot or Pwr Ctrl wires All 50 100 (5} | 150 m#a\
ON Resistance (Excluding wire VMot to U, V or W Ground to | All 10 mChm
resistance) U, Vor'W
Max Current for 30s Motor current All 30 Amps
Continuous Max Current per channel | Motor current All 20 (7} Amps
Current Lirnit range Motor current All 5 2048} 30 Amps
Stall Detection Amps range Motor current All 5 30 (8] 30 Amps
Stall Detection tmeout range Motor current All 1 65000 | 65000 | mill-
9) seconds

SBL13xx Motor Controller Datasheet
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TABLE 7
Parameter Measure point Model Min | Typ Max Units
Short Circurt Detection threshold Between Motor wires or All 100 200 Amps
{10) Between Motor wires and {11} {11)
Ground
Short Circuit Detection threshold Between Motor wires and All No Protection. Permanent damage
VMot will result
Motor Acceleration/Deceleration Motor Output All 100 500 65000 | milli-
range 12) seconds

Note 1: Negative voltage will cause a large surge current. Protection fuse needed if battery polarity inversion is possible
Note 2: Maximum regeneration voltage in normal operation. Never inject a DC voltage from a battery or other fixed source

Mote 3: Minimum voltage must be present on VMot or Power Control wire

Mote 4: Factory default value Adjustable in 0.1V increments

Note 5. Current consumption is lower when higher voltage is applied to the controller’s VMot or PwrCtrlwires
Note 6. Max value 1s determined by current limit seting. Duration is estimated and is dependent on ambient temperature

cooling condition

Note 7: Estimate. Limited by heatsink temperature. Current may be higher with better cocling

Note 8: Factory default value. Adjustable in 0.1A increments

Mote 9 Factory default value Time in ms that Stall current must be exceeded for detection

Mote 10: Controller will stop until restarted in case of short circuit detection

Mote 11 Sensitivity selectable by software

Note 12 Factory default value Time in ms for power to go from 0 to 100%

Command, I/0 and Sensor Signals Specifications

TABLE 8.

Parameter Measure point Min Typ Max Units
Main bV Output Voltage Ground to bY pin on DSub15 4.7 49 b1 Volts
5V Qutput Current 5V pin on DSub15 100 ma
Digital Output Voltage Ground to Qutput pins 40 Volts
Digital Output Current Qutput pins, sink current 1 Amps
Cutput On resistance Cutput pin to ground 0.75 15 Chm
Cutput Short circuit threshold Cutput pin 106 14 176 Amps
Input Impedances AIN/DIN Input to Ground 53 kOhm
Digital Input 0 Level Ground to Input pins -1 1 Volts
Digital Input 1 Level Ground to Input pins 3 15 Volts
Analog Input Range Ground to Input pins 0 51 Volts
Analog Input Precision Ground to Input pins 05 %
Analog Input Resolution Ground to Input pins 1 my
Pulse durations Pulse inputs 20000 10 us
Pulse repeat rate Pulse inputs 50 250 Hz
Pulse Capture Resolution Pulse inputs 1 us
Frequency Capture Pulse inputs 100 10000 Hz
Encoder count Internal 2147 2147 1078 Counts

10

SBL13xx Motor Controller Datasheet

Version 1.3 Aprif 06, 2014

224




IRoboteQ

Electrical Specifications

TABLE 8
Parameter Measure point Min Typ Max Units
Encoder frequency Encoder input pins M) Counts/s
Notel: Encoder input requires RC inputs 1, 2 and 3 to be disabled. Encoders are disabled in factory default
Operating & Timing Specifications
TABLE 9.
Parameter Measure Point Min Typ Max Units
Command Latency Command to output change 0 25 5 ms
PWM Frequency Motor outputs 10 18 (1) 20 kHz
Closed Loop update rate Internal 1000 Hz
R5232 baud rate Rx & Tx pins 115200 (2) Bits/s
RS232 Watchdog timeout Bx pin 1(3) 65000 ms
Note 1. May be adjusted with configuration program
Note 2: 115200, 8-bit, no parity, 1 stop bit, no flow control
Mote 3: May be disabled with value O
Scripting
TABLE 10
Parameter Measure Point Min Typ Max Units
Scnipting Flash Memory Internal 8192 Bytes
Max Basic Language programs | Internal 1000 1500 Lines
Integer Vanables Internal 1024 Words (1)
Boolean Varnables Internal 1024 Symbols
Execution Speed Internal 50 000 100 000 Lines/s
Note 1: 32-bit words
Thermal Specifications
TABLE 11
Parameter Measure Point Min Typ Max Units
Board Temperature PCB -40 85 (1) oC
Thermal Protection range PCB 70 80(2) oC
Thermal resistance Power MOSFETs to heats sink 2 oCMWY
Mote 1: Thermal protection will protect the controller power
Note 2° Max allowed power out starts lowering at minimum of range, down to 0 at max of range

The SBL13xx uses a conduction plate at the bottormn of the board for heat extraction. For best results, attach firmly
with thermal compound paste against a metallic chassis so that heat transfers to the conduction plate to the chas-
sis_ If no metallic surface is available, mount the controller on spacers so that forced or natural air flow can go over
the plate surface to remove heat

SBL13xx Motor Controller Datasheet
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For more information, please visit the product page.
\é/\\> c U I I N C“ date 07/18/2014
\\/ 10of8

SERIES: AMT10 | DESCRIPTION: MODULAR INCREMENTAL ENCODER

FEATURES

* patented capacitive ASIC technology
* low power consumption

* CMOS outputs

¢ 16 DIP switch selectable resolutions

« index pulse ‘ .
+ modular package design S

« straight (radial) and right-angle (axial) versions
+ 9 mounting hole options for radial version -
+ 8 mounting hole options for axial version

« -40~100°C operating temperature
HoH$ v

e

ELECTRICAL

parameter conditions/description min typ max units
power supply vDD 3.6 5 5.5 Y
current consumption with unloaded output 5] mA
output high level VDD-0.8 \
output low level 0.4 \
output current CMOS sink/source per channel 2 mA
rise/fall time 30 ns

INCREMENTAL CHARACTERISTICS

parameter conditions/description min typ max units
channels quadrature A, B, and X index

waveform CMOS voltage square wave

phase difference A leads B for CCW rotation (viewed from front) 90 degrees

48, 96, 100, 125, 192, 200, 250, 256, 385, 400, 500,

quadrature resolutionst 512 800, 1000, 1024 2048 PPR

index? one pulse per 360 degree rotation

accuracy 0.25 degrees
256, 512, 1024, 2048 49 50 51 %

Sg:ﬂﬂ;if;‘;? duty cycle (at each 45756 100, 125, 192, 200, 250, 384, 400, 500 47 50 53 %
800, 1000 43 50 56 %o

Notes: 1. Resolution selected via adjustable DIP switch

2. Some stepper motors may leak a magnetic field causing the AMT index pulse to not function properly {non-magnetic version available with 8 pulses per revolution}

cui.com
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CUlInc | SERIES: AMT10 | DESCRIPTION: MODULAR INCREMENTAL ENCODER date 07/18/2014 ‘ page 2 of 8
MECHANICAL
parameter conditions/description min typ max units
motor shaft length 9 mm

. AMT102 20.5 e]
weight AMT103 14.0 g
axial play +0.3 mm
rotational speed (at each 192, 384, 400, 500, 800, 1000, 1024, 2048 7500 RPM
resolution) 48, 96, 100, 125, 200, 250, 256, 512 15000 RPM
ENVIRONMENTAL
parameter conditions/description min typ max units
operating temperature -40 100 °C
humidity non-condensing 95 %
vibration 20~500 Hz, 1 hour on each XYZ 10 G
shock 11 ms, £XYZ direction 50 G
RoHS 2011/65/EU
WAVEFORMS

Figure 1
Quadrature signals with index showing
counter-clockwise rotation
X

A L L1 |

[s,s]s, 5|

4

The following parameters are defined by the resolution selected for each

encoder, where R = resolution.

L

Parameter Description Expression Units
T period 360/R mechanical degrees
P pulse width T/2 mechanical degrees
I index width P/2 mechanical degrees
S A/B state width P/2 mechanical degrees
cui.com
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For more information, please visit the product page

CUlInc | SERIES: AMT10 | DESCRIPTION: MODULAR INCREMENTAL ENCODER

date 07/18/2014 ‘ page 3 of 8

PART NUMBER KEY

For customers that prefer a specific AMT10 configuration, please reference the custom configuration key below,

X - XXXXX - X XXXX - X
— /

p—
— /
o
T / T
— _ Mounting Base:
Base Number S < Standard
/ W = Wide (AMT102 only)
,// .

Orientation: Resolution Option:

2 = Radial “blank” = fixed resolution / Index Pulse:

3 = Axial D = adjustable resolution 1 = single index pulse

*See Mechanical Drawings / per revolution 7

N = 8 index pulses Sleeve Bore Diameter:

Resolution® (ppr): per revolution 2000 =2 mm
0048 0384 3000 =3 mm
0096 0400 3175 = 3,175 mm (1/8")
0100 0500 4000 = 4 mm
0125 0512 4760 = 4,76 mm (3/16")
0192 0800 5000 = 5 mm
0200 1000 6000 = 6 mm
0250 1024 6350 = 6.35 mm (1/4")
0256 2048 8000 =8 mm

Note: 1. Fixed resolutions are permanently set at this value; adjustable resolutions are preset via DIP switch to this value upon shipment.

AMT10-VKITS

In order to provide maximum flexibility for our customers, the AMT10 series is provided in kit form standard. This allows the user to implement the encoder

into a range of applications using one sku#, reducing engineering and inventory costs.

SLEEVES
AMT10X-V 8mm 174 inch 6mm 5mm 3/16 inch 4mm 118 inch 3mm 2mm
{6.35mm) - (4. 76mm} (3.175mm) b
Blue Snow Red Green Yellow Gray Purmle Orange | Light Sky Blue
Qrientation:
2= Ra;:ha\ 102 102 102 SHAFT
3 = Axial BASE WIDE BASE TOP COVER ADAPTER
*See Mechanical Drawings
103 103
BASE TOP COVER
cui.com
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crydom Panel Mount 4]

1-DC Series

¢ Ratings from 7 A to 40 A @ 200 YDC and * DC control
from 7 Ato 10 A @500¥DC * EMC Compliant to Level 3
¢ Mosfet Output * Epoxy Free Design

¢ UL Approved, CE Compliant to ENG0950-1
¢ Improved SEMS screw and washer
* Redesigned housing with anti-rotation barriers

For Generation 3 datasheet click here

PRODUCT SELECTION
Load Voltage 7A 10A 12A 20A 40A
100WDC 010m Dibi2 01020 01040
200WDC D200 D2012 02040
400WDC 04007 D402
500WDC Ds0o7 05010
AVA".ABLE 0PT|0NS Operating Voltage Temination
1D:1-100vDC Blank: Screws & clamps
2D:1-200YDC K Installed standaffs with
4D:1-400YDC serews for PC Board
Series 5D: 1 500YDC rnurting {1)
Rated Load Current
07:7 Amps
10: 10 Amps (500 YDC only)
12:12 Amps (not for 500 YO C)
@ Fequired forvalid part number 20-20 Amps (100 YDC only)
@ Foroptions only and not required for walid pat number 40: 40 Amps (100 & 200VDC anly)

# Mot all partnumber combinations are awailable.
Cantact Crydam Technical Support forinfarmation on
the availability of a specific part number.

OUTPUT SPECIFICATIONS &

Description TA 12A  20A 40A 1A 12A 40A TA  12A TA 10A
Recommended Operating Voltage [Wdc)] 1-72 1-72 172 1-72 1-150 1-150 1-180 1-300 1-300 1-385 1-385
Absolute Maximum Rating [Vdc] 100 100 100 100 200 200 200 400 400 500 500
MW axirmumn Off-State Leakage Current @ Rated Yoltage [md] 01 02 03 03 01 03 03 03 03 02 03
Maximurn Load Current [Ade] (3} 7 12 20 40 7 12 40 7 12 7 10
Minimum Load Current [md] {4} 1 1 1 1 1 1 1 1 1 1 1

M aximum Surge Current {10msec) [Adc] 23 28 42 106 22 il 108 16 3 19 29
M aximum On-State Voltage Orop @ Rated Current [Vdc| 06 08 08 1 15 ki 08 23 6 35 3.3
Maximurn 0n-State Resistance [RDS-0M] [Ohris) 0.7 0072 0.033 0.025 021 0.082 [ 033 02?2 05 033
Thermal Resistance Junction to Case (Rje] [CAV] 2 2 1.71 0.68 1.24 07 0z 0.56 0.39 0.6 0.43
Minirmurn Heat Sink for Rated Current @ 40°C [*C/AV] 5 3 2 1 3 3 07 2 1 1 iki
M axirum Pulse Width Modulation Frequency [Hz] {5} 5000 4000 3500 2500 3500 2000 950 1200 a00 1100 500
INPUT SPECIFICATIONS #

Deseription DC Control

Control Voltage Range 3532 VOC

Maxirnum Reverse Voltage -3 V0o

Minirnurn Turn-On Voltage {6) 36VDC

Must Turn-Off Voltage 1Yog

Minimurn Input Current {for on-state) 10 mA

M axirmurn Input Current 15 ma

Nominal Input Impedance Current Regulated

Maxirnum Turn-On Time [psec) 100

M airmurn Turn-0ff Tire [usec] 100

Yy - an L N
41’! Do not forget to visit us at: www.crydom.com s 3" " Sensata

o Copyright © 2018 Crydom Inc. Specifications subject to change without notice Teshnelegicn
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GENERAL SPECIFICATIONS *

Panel Mount @

Description Parameters
Dielectric Strength, Input/ Output/Base {50/60Hz} 3750 Vrms
Minimum Insulation Resistance {@ 500 VDC) 10° Ohms
Maximum Capacitance, Input/Qutput 8 pF
Ambient Operating Temperature Range (7) -4010100°C
Ambient Storage Temperature Range 4010 125°C
Weight {typical} 2.66 02 (75.5q)
Housing Material UL9av-o
Baseplate Matenal Aluminum
Input Terminal Screw Torque Range {in-Ib/Nm} 13-15/15-1.7
Load Terminal Screw Torque Range {in-Ib/Nm) 18-20/2-2.2
SSR Mounting Screw Torque Range {in-l/Nm} 18-20/ 2-2.2

Input/Load Terminal Screw Torque Range {in-Ib/Nmi (1)

wi/"K" oplion 8-10/ 0.9-1.13

Input/Output Terminal Screw Thread Size
Humidity per IEC60068-2-73

#6-32 UNC/ #3-32 UNC
93% non-condensing

MTBF {Mean Time Between Failures} at 40°C ambient temperature i8]
MTBF {Mean Time Between Failures) at 60°C ambient temperature i8]

WIRING DIAGRAM

# Inductive loads must be diode suppresed.

O [ 3 2

21,395,130 hours {2,441 years}
11,545,504 hours (1,317 years)

Recommended Wire Sizes

Terminals Wire Size Wire Pull-Out
o o (Solid / Stranded) Strength (Ibs}[N]
e f I 24 AWG (0.2mmd) /0.2 [minimum] 10(44.5)
[ S =y Input
eryiom 2% 12 AWG {33 mm?/ 3.3 [maximum] 90 [400]
20 AWG (0.5 mm?)/ 0518 [minimum] 30[133]
4 wpuT 3
3 = Output 2% 10 AWG (5.3 mm?)/ 5.3 110 [490]
2x 8 AWG (8.4 mm4/ 8.4 [maximum] 90 [400]
EQUIVALENT CIRCUIT BLOCK DIAGRAMS
Input Current vs Input Voltage
Standard Regulated "DC" Inputs
e —(D 0t " S
12 [
& o PP i
Control Tri =
G et L I
S 6 i
b1 )
I E
oG (D o |4
J
0 baaad®
0 5 10 15 % % 30 3
DC Input VoHage
4ﬂl Do not forget to visit us at: www.crydom.com %% "2 * Sensata
en Copyright © 2018 Crydom Inc. Specifications subject to change without notice. Technologies
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- Renewable Lubricants, Inc.

|~ 476 Grigey Rd., P.O. Box 474
/[ L\ \\ _ Hartville, Ohio 44632-0474
RENEWABLE v a3y e S
Bio-MIL-PRF-32073 Hvdraulic Fluid
(15015, 22, 32, 46, 68) SraiLizep

wRenewable Lubricants

"Biobased Lubricants that Perform Like Synthetics"

Bio-MIL-PRF-32073 Hydraulic Fluids are ultimately biodegradable' biosynthetic (biobased) formulas that were
designed to replace mineral oil based hydraulic fluids for environmentally sensitive areas. They have been
specifically formulated to provide additional seal swell (10% to 30%) as required by MIL-PRF-32073 and ISO 15
or ISO 22 can replace obsolete specification MIL-PRF-5606 for ground support equipment. Bio-MIL-PRF-
32073 Hydraulic Fluids are formulated to perform in hydraulic systems that require anti-wear, anti-foam, anti-
rust, anti-oxidation, and demulsibility properties. They are highly inhibited against moisture and rusting in both
fresh and sea water and pass both A and B Sequences of the ASTM D-665 Turbine Oil Rust Test. Incorporating
the super high viscosity index of the Stabilized* High Oleic Base Stocks (HOBS) into the formula, gives multi-
grade synthetic base oil performance by boosting the viscosity index to synthetic levels. This super high
viscosity index of the HOBS naturally improves the thermal shear stability of the formula and increases load
capacity. The HOBSs extremely low volatility increases the flash and fire safety features in the formula. An
environmentally friendly, zinc-frec additive system has also been developed that meets or exceeds high pressure
pump requirements.

Bio-MIL-PRF-32073 Hydraulic Fluids have been used successfully in a wide variety of stationary and mobile
hydraulic equipment. These patented super high VI fluids are designed for use in hydraulic vane, piston, and
gear-type pumps. They also meet the requirements for ashless GL-1, GL-2, GL-3 and AGMA Non-EP gear oils
in reduction units and gear sets where they meet the viscosity ranges. They have shown to have exceptional anti-
wear performance in ASTM D-4172 Four Ball Wear Tests. Very little wear was encountered in the field
studies, and in accelerated pump tests using biobased formulations in Denison T-5D, Vickers 20VQ,
35VQ-25 (M-2950-8), and V-104C (ASTM D-2882), Vickers I-286-S pump stand tests. Their anti-wear
performance exceeds the requirements for US Steel 126, 136 and 127, load stage 10 in the FZG (DIN 51354).

Bio-MIL-PRF-32073 Hvdraulic Fluids meet the Environmental Protection Agency (EPA) 2013 Vessel General
Permit (VGP) guidelines for Environmentally Acceptable Lubricants (EALS), and should be used in hydraulic
systems where LOW TOXICITY, BIODEGRADABILITY and NON-BIOACCUMULA TION properties are
required. They exceed the acute toxicity (LC-50 / EC-50 >1000 ppm) criteria adopted by the US Fish and
Wildlife Service and the US EPA. Because they meet the environmental requirements they can also be used
where ISO 15380 (HEES/HETG) Hydraulic Fluids are specified.

Bio-MIL-PRF-32073 Hydraulic Fluids are ENVIRONMENTALLY ACCEPTED LUBRICANTS (EALs) that are
formulated from renewable biobased resources. We believe Earth's environmental future rests in the use of renewable
materials.

'Ultimate Biodegradation (Pw1) within 28 days in ASTM D-5864 Aerobic Aquatic Biodegradation of Lubricants

STABILIZED by Renewable Lubricants™* is RLI's trademark on their proprietary and patented anti-oxidant, anti-wear, and cold flow technology. High Oleic Base Stock
(HOBS) are agricultural vegetable oils. This Stabilized technology allows the HOBS to perform as a high performance formula in high and low temperature applications,
reducing oil thickening and deposits.

Patented Product: US Patent 6,383,992, US Patent 6,534,454 with additional Pending and Foreign Patents
™ Trademark of Renewable Lubricants™ Inc. Copyright 1999 Renewable Lubricants, Inc.

Availability F.O.B.: Hartville, Ohio, USA 1 Gallon 5 Gallon Pail Drum Totes Bulk
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Bio-MIL-PRF-32073 Hydraulic Fluid

The test data below shows that the Bio-MIL-PRF-32073 Hydraulic Fluids provide high performance in a wide
variety of stationary and transportation equipment that operate in broad ranges of environmental conditions.
In equipment operating outside, wear from poor cold temperature pumpability, surge loads, moisture, and
dusty environments are more prominent. Bio-MIL-PRF-32073 Hydraulic Fluids are formulated to improve
performance in equipment that requires excellent anti-wear, rapid water separation and cold temperature
pumpability as low as -40°C. In addition, the products may be used in machine tool hydraulic systems where
higher seal swell fluids are required because of previously used MIL-Spec hydraulic Fluids.

TYPICAL SPECIFICATIONS IS0 Grade 1ISO 15 18022 18O 32 ISO 46 180 68
(MIL-PRF-32073A) Military Grade 1 2 3 4 5
Viscosity @ 40°C, ¢St ASTM D-445 14.18 211 30.87 43.8 64.1
Viseosity @ 100°C, ¢St ASTM D-445 381 5.0 6.9 9.67 12.5
Viscosity @ -15°C, ¢St ASTM D-445 170 330 479 595 1160
Viscosity @ -25°C, Brookfield ASTM D-2983 314 cP 646 cP 970 cP 1260 cP 2610 cP
Viscosity @ -30°C Broolkfield ASTM D-2983 480 cP 1020 P 1530 cP 2040 P 4800 cP
Viscosity @ -35°C Brookfield ASTM D-2983 750 ¢P 1680 P 2490 P
Viscosity @ -40°C Brookfield ASTM D-2983 1250 cP 2800 P 4250 P
Viscosity Index ASTM D-2270 172 175 189 201 198
Pour Point ASTM D-97 -60°C -82eC -48°C -39°C -3¢°C
Flash Point (COC) ASTM D92 180°C 205°C 243°C 282°C 263°C
Foam Sequence I, 11, TII (10 min) ASTM D-892 <30/0 Foam <30/0 Foam <30/0 Foam <30/0 Foam <30/0 Foam
Galvanic Corrosion FTM 791-5322 Pass Pass Pass Pass Pass
Rust Prevention ASTM D-665
Distilled Water Pass Pass Pass Pass Pass
Syn. Sea Water Pass Pass Pass Pass Pass
Copper Corrosion Strip 3hr @ 100°C ASTM D-130 1A 1A 1A 1A 1A
Rotary Bomb Oxidation, (minutes) ASTM D-2272 400 400 400 400 400
Dielectric Strength (KV) (Avg) ASTM D-877 50 45 45 45 45
Oxidation Stability, Pressure Differential ASTM D-6186 Modified 95,0 (155°C) 95,0 (155°C) 90.0 (155°C) 90.0 (155°C) 90.0 (155°C)
Scamning Calorimeter PDSC (minutes) 25.0 (180°C) 250 (130°C) 250 (180°C) 250 (180°C) 25.0 (130°C)
Neutralization Number mg KOH/g ASTM D-974 <0.4 <0.4 <0.4 <0.4 <0.4
Seal Swell NBR-L, % (Avg.) FTM-791-3603
Volume Change (%) 20 20 13 13 13
Filterability Denison TP 02100
A-No Water (s) (Avg) HF-0 Requirement 113 268 338 388 388
B-2% Water (s) (Avg) 187 271 449 470 470
D ibility, ML Qil/'W i ASTM D-1401 40/ 40/ 0 40/ 40/ 0 40/ 40/ 0 40/40/0 40/40/0
(<10 minutes) | (<10 minutes) | (<10minutes) | (<10 minutes) | (<10 minutes)
4-Ball Wear, 1h, 167°F, 1200 RPM, 40 kg ASTM D-4172 «30-.40 .30-.40 30-.40 03-.40 .30-.40
FZG Test DIN 51354 11 11 12 12 2
Biodegradation Classification ASTM D-5864 Ultimate PW1 Ultimate PW1 Ultimate PW1 Ultimate PW1 Ultimate PW1
Envirenmentally Friendly IS0 15380 yes yes yes yes yes
USDA Biobased Tested New Carbon ves yes yes yes yes
Envirenmental Management System 1SO 14001 yes ves yes yes yes
o Yy LC-50/EC. S EPA 560/6-82-002, 003 meets/exceeds meets/exceeds meets/exceeds meets/exceeds meets/exceeds
Product Item # 81140 81150 81160 81170 81180
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Pressure valves type MV.., DMV.. and SV..

Pressure limiting valves, differential pressure regulators

Pressure P g = 700 bar Additional versions
Flow Qe =160 1pm ® Versions as assembly kit see D 7000 Ef1
® Versions with component approval [TUY inspected) see D 7000 TUV

Type SY and SVC

Type DMV
Type MVP DMVN

Type MVE

Type MV and MVS
MVCS

1. General

Pressure valves primarily influence the pressure in hydraulic installations (DIN 13O 1219-1). The types listed here are to complete
followwing tasks:

The pressure relief valves are not suited for safeguarding pressure devices acc. to Pressure Equipment Directive 97/23/EC. There
are also versions available featuring unit approvals, see D 7000 TUY, D 7710 TUY, D 6905 TLIV

® Pressure limiting valve
Protection against exceeding the maximum pressures approved for the system (relief valve) or limiting the working pressures
All valves listed in this leaflet can be used for this purpose

® Differential pressura ragulator
Generation of a constant pressure difference between the inlst and outlet of the flow. Valves with a housing in steel or spheroidal
casting can be used for this purpose (see list of types on gect. 3.1)

® Pressura limiting valve without damping
For special operating conditions, e.g. to prevent creeping preseure rises in sealed cylinder chambers during temperature rige or
compulsory creeping piston movement because of externally induced forces. Very low difference between opening and resesat
pressure

2. Typical construction - _
Fixed design Lead seal provision

Means of adjustment with adjustable (Lead sealing is available
Version setting spincie from HAWE
(Coding R = Wing screw Setting limit to when addac
Coding Vand H= Turn knoh, see prevent spring in uncoded

zaction 3.1) blockage text ta your

order)

Washer tolimit the adjustment distance
(see section 5)

Valve spring
depending on

Valve housing (spring dome) in zinc die pressUre range

casting, spheroidal casting or in stesl
for maximum adaption to local instal-
lation conditions ({inline or manifold
mounting, cartridge version)

Seated ball valve insensitive 1o contamination

Spring-loaded dampening plunger with a long guide
ensures chatter free operation throughout a wide
viscosity range

For undampened valves, see section 1

Stroke limitation prevents the valve ball
from being lifted out too far when the
spring is completsly relieved or when
the flow through the valve is too high,
also prevents the dampening plunger
from blocking the flow passage

The valve ball and dampening plunger are separate
functional parts, which do not obstruct one another
during dynamic strese (pressure peaks), thersby ensur-
ing rapid response of the ball upon sudden pressure riss,
the cushion plunger is missing in the undampened valve

Dynamically acting lift aid results in a
pressure setting, which is rather flowr
independent {constant pressure char-

acteristics) clesign
HAWE HYDRAULIK SE
C D 7000/1
HYDRAULIK STREITFELDSTR. 25 « 81673 MUMNCHERN
© 1977 by HAWE Hydraulik December 2013-00
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D 7000/1 page 2

3.

3.1

Table 1: Basic type and Size

Types available
Type code and main data

Order examples:

MVP 4 A

- 650

MV 53 B RX

Briet description

Connection size and

DMV 4 B/C - 300/200 Desired pressure setting
_ T L (bar) (without specifica-
tion, see table 2)
X = Undampened version acc. to sect. 1
Spring dome

thread material Table 3: Adjustment {during operation}
Basictype | ISO 228/1 | Portpressure Without | Standard, tool adjustable
Size (BsPP) | rating coding
2 Corner valve for pipe 4 | Gi1/4 Zinc die casting R Manually adjustable
= mounting 42 | Gas (Wing screw+wing nut)
£ |~ .. Perm.pressure
; feppedports Fand® My 52 ] G3B P= ?OE bar V 9 % | Tum knob (self-locking)
§ o 2 83 [G12 | R=20bar Turn knob lockable
2 5 63 | G1/2 | seesect. 32 H 919 |Keys conforming the regulations
” 64 | G3/4 of the automotive industry; One
- key is scope of delivery (usually
Corner valve for pipe Mleia | Spggroxdal anyway in the possession of the
" mounting 42 | G383 | casting authorized work staff)
@
z (tapped ports P and R) 52 | G3B | Perm. pressure Table 2:  Pressure range and flow
. MVs 53 | G122 P =700 bar Attention: The pressure will be set acc. to the table
2 8) 63 | 12 R =500 bar below, if not ordered otherwise
3 ?W see sect. 3.2
?o; Pressure range A% | B C|E|F
@ 84 | a3 Steel: Py X
g — L 27 | perm. pressure 9. ?z‘se . 700 500 |315|160 80
o 85 [ g1 Pand R =400 bar ‘ﬂ')-;:)w . 9,
= i E -
: Serew-in valva A Steeeed Pressure setlir?szog:ﬂ O Do s i
2 {for manifold mounting) MVE 5 | bore see p 9 450 1400 |315|160 80
E] - ~— | dimension. | Steel: HAWE (bar) %)
E ) & | drawing
o 8 Perm. pressure Corres- Size 4 12 20
5 P =700 (400) bar pending y
% Valve for 4 | Manifold, R = 350 bar flow Size 5 20 40
& (manifold mounting) MVP 5 | see d?- Qe (IPM)  Size 6 40 75
10) 6 mengonal Sizes 700 150
e drawing zZe
For inline installation in a 42 | G338 Steel: Symbols _ )
pipe system SV 53 | ci/2 Perm. pressure lllustration of the standard version (tool adjustable)
(tapped hole at P and R} 1) 64 | a34 | P =700 (400)bar MV.. MVS.., MVE..,
85 | G R = 500 (400) bar MVP.., SV.. PI, R
[ e -
= Double valve for 42 | G3/8 DMVN..
2 hydraulic motor 52 | Gas
g tappedholeatPand Ry [ o~ Steel:
§ N ma | aam | Perm. pressure
2 }) 8] G122 |pandR
% 64 | G3/4 =350 bar
5 84 | cau
e 8 | G1
2 Double valve with suction 42 | G378 Steel: Perm
E 2 valve for cylinders, DMVN 53 | g1/ pressure
=E (tappedholeatA, B, R) “ea | cam | AB =350Dbar
e 3 D99°) 84 | G34 | g —20bar = 5
ﬁ 5 Single valve with thru-holes Steel: Perm. Additional adjustability:
L o (tapped hole at P and R) MVT 63 | G1/2 pressure P and Codin Coding H
oe 1)) 9) R=2315har Rand%’ 9 ’%_
,QQ’- Tapped hole at 46| G3B | ‘ 1) Tool adjustable version only
5 o PandR MVCS 56 | G172 39h9r°‘da| 2 When not specified in the order
E 2 § 35 66 | G344 casting 9 Pressure range coding A not avail. for type DMV,
o g o . DMVN, MVT, MVCS, and SVC
% § T ‘E Thread journal (4T G3B (A | Eermd. Rpressure 4 A setting below 0.2 p,.., is not effective. The min.
= g 3 at P, tapped 58 | G12(A) and pressure that can be achieved, when the spring is
= O E hole at R 69 | Gampay | T 500 bar completsly decommpressed depends on the valve
= ® : 46 | cas related back pressure and the flow (sect. 3.2)
E’g & Tapped hole at | Steel %) Not available as size 8
o 2 5  PandR SVE 56 | G1/2 eel %) Suction valves serve for the volume compensation,
= 1 2o 9% 66 | coa Perm. pressure preventing the formation of a vacuum within hydraulic
g o« 2 % 0 | PandR cylinders
20 Zc GE) Thread journal 47 | G3BA) | =500 bar % Coding V not available for type MVS 4
@ .3 % © cu atP tapped 58 | G1/2(A) 9 Pressure range B not available for type SV 85
== P27 hoeatR 69 | G3/4(A) ) Goding H not available for type MVE 4 and MVP 4
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Check valve type B

Pressure p,, =500 bar

Flow Q, ...

=160 Ipm

General

—On—

Check valves block the flow in cne direction whilst permitting free flow in the opposite direction (DIN ISO 1219-1).

Available versions, main data

= = = == Pressure Flow
—omw—i+— | | —ow— | f—=wo— 1 Pra Qe
= = — — (bar) (pm)
B1-1 B2-1 B3-1 15
Coding B1-2 B2-2 B3-2 20
and B1-3 B2-3 B3-3 30
main data B1-4 B2-4 B3-4 500 45
B1-5 B2-5 B3-5 75
Bi1-6 B2-6 B3-6 120
B1-7 B2-7 B3-7 160
Design Spring-loaded, leakage free ball seated valve
Mounting Type B 1and B 3 with tapped journal, type B 2 is for in-line installation
Installed position Arbitrarily
Mass (weight) See unit dimensions in sect. 3

Pressure fluid

Temperature

Opening pressure

Ap-Q-Characteristic

Hydraulic oil conforming DIN 51 514 part 1 to 3: 1SO VG 10 to 68 conforming DIN 51 519,

Viscosity limits: min. approx. 4, max. approx. 1500 mm?/s;

optimal operation approx. 10 ... 500 mm?/s.

Also suitable are biologically degradable pressure fluids types HEPG (Polyalkylenglycol) and HEES
(Synth. Ester) at service temperatures up to approx. +70 °C.

Ambient: approx. -40 ... +80°C

Fluid: -25 ... +80°C, note viscosity range

Permissible temperature during start: -40°C (Note Start-viscosity!), as long as the service temperature
is at least 20K higher for the following operation.

Biological degradable pressure fluids: Note manufacturers information. Due the seals compatibility not
above +70°C.

approx. 0.4 10 0.5 bar
B 2-2 and B 3-2 also available with an opening pressure of 3 bar
(order coding e.g. B 2-2 - 3 bar)

) |
[
4
® <
a
g PP
8 &
] 6
w 7 8o 7
@ T 8,
E3
£ 0 Qil viscosity during measurement
0 100 180 approx. 30 mm?/s
Flow Q {pm)

HYDRAULIK

HAWE HYDRAULIK SE
STREITFELDSTR. 25 « 81673 MUNCHEN

D 1191

Check valve type B

© 1960 by HAWE Hydraulik

September 2000-01
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3.

4.

Unit dimensions

SW = a/f
Paorts tAass
DIN 180 228/1 (BSPF} fweight)
Type G G L I It SW | approx. kg
B1-1 G1/4 G14A 50 12 042 119 0.1
m - B1-2 G3/B G3BA 58 12 013 | 24 0.2
Sl — — I — e B1-3 G2 G12A 80 12 16 | 27 0.2
— / 1 B1-4 Ga/A GIMA 70 16 16 | 36 04
I sw h B1-5 G1 G1A 94 18 | 20 | 41 0.7
L B1-8 G114 | G114A | 110 | 20 | 23 | B8 13
B1-7 G112 | G112A | 115 | 22 | 25 | &0 15
B2-1 G1/4 - 55 -1z 19 0.1
= = B2-2 Gas - 62 —- 12 2 0.2
T — —f 7° B2-3 G172 - 70 - 16 | 27 0.2
1 / T B2-4 G3/4 - 77 - 16 | 36 0.4
< sw L B2-5 G1 - 02 | - 20 | 41 07
L B2-6 G174 - 120 | - |28 | B5 15
B2-7 G112 - 122 | -~ | 24 | 8D 18
B3-1 G1/4 G14A 80 12 012 | 19 0.1
. +— B3-2 GamB GABA 67 12013 | 24 02
CPTIh— —!—7° B3-3 G1/2 G12ZA 56 12 14 27 0.2
i £ - B34 a34 G 34 A 58 16 16 | 36 0.3
] sw h B35 a1 G1A 114 | 18 21 | 41 08
L B3-6 G114 | G114A | 130 | 20 23 | 55 17
B3-7 G112 | G112A | 136 | 22 | 25 2.0

All dimensions in mim, subject to change without notice |

Note for installation

Checkvalves at return pipe ends

If the check valves are installed as final slements in
return pipes, .9. 1o prevent running empty of the pipes,

they are capable of maintaining a head of il
H = 4 mater.

However, bearing in mind the tolerances on the spring
prefoad, only about 75% of thisload shoutd be assumed

in calculations.
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Directional seated valves
Directly actuated, leakagefree for hydraulic systems
For the assembly on connection sub-plates

Walve for sub-plate mounting Section 3 Pressure pyg = 350...500 (700} bar
Walve with individual connection sub-plate Section 5 Flom Qe 6..120 lpm
Directional valve hank D 7302

General information

Directional control valves are generally used for the direct, leakage free contral of consumers and as pilot valves far hydraulically
actuated valves (depending on the flow pattern). They are designed as spring returned ball seated valves. The valve elements are
forced into their respective switching position against the spring force and fluid pressure by various actuation slements via an
elbow lever acting on a pin. A strainer insert in the inlet port prevents the entry of coarse contamination

The fluid ducts end as holes with O-ring seals at the ground, bottom surface of the valve hody. Pipes may be connected either via
customer furnished connection blocks or sub-plates (for individual valves wath sub-plates see sect. 5 or for valve banks see D 7302)
These valves do not show any leakage in hlocked switching position. Reliahle shifting s ensured, as these valves are designed as
ball seated valves where there i3 no seizing or sticking in working position under full pressure. The leverage hetween actuation and
valve element ensures low actuation forces and smooth shifting. To avoid interaction, most of these directional control valves are
available with check valve ingerts and return pressure stops or orifice inserts to limit the inflow of ail

Inclividual valves with sub-plate, enabling direct pipe connection, may be equipped with a by-pass check valve, a pressure imiting
valve, or a rectifier circuit by means of check valves

Overview
(For complets type overview, see sect, §)

Individual valve for manifold mounting Individual valve with connection sub-plate for direct
pipe connection

eg GS2-1-G24 e.q. GZ 3-2R-3/8-G 24

’7 Sdencid actuated ? a Solenoid actuated 3/2-way
2f2-way directional irecti i

directional seated valve, size

seated valve, size | 2 with check valve insert in
1, free flow when : % ‘ ‘ port P
deenergized iﬁ. =
L Tapped ports in the
'r ‘ connection sub-plate, G 3/8
[BSPP)
PR

Actuation modes
For detalled data. see section 4++
(Max. pressure rating depending on flow pattern and size. see sect. 3.1 tahle 2)

Solenaoid Pressure Mechanical fanual
hyciraulic pReumatc roller pin feeler turn-knob

Code letter G ‘ WG H P K T F D

Picture and

symbol a a a a a
BD—I ic—l iu—‘ ﬁg—‘ a \ID:]—I a
0 Hmf*%ﬁe‘!f*‘kiggj

2.2

HAWE HYDRALILIK SE _ D 7300
ORADLIE STREITFELDSTR. 25 « 81673 MUNGHEN Directional seated valves
@ 1980 by HAWE Hydraulik Way 2007-06
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3. Individual valves, manifold mounting {For individual valves with connection sub-plate
3. Valve for pipe connection, see sect. 5)

Order example: GR2-3R-G24

| solenoid voltage (standard)

Solenoid actuation (acc. to sect. 4.1) G24=24VDC;, WG230=230VAC

G= DC see sect. 4.1

WG = AC Additional element (see table 3)

For actuationmodes H, P,K,T,F,D,seesect. 2and 4.2 ++ Size and main data (see table 2}
Table 1: Flow pattern
Coding 2/2-way valve 3/2-way valve 3/3-way valve 4/3-way valve 4/2-way valve

R29 | s29) 3y | 79 219 22 ) 429 | 2499

e || =1 1 g @ @ e of [ e HR=EA=l

symbols _ 3

(must be

completed

by actua | ° P R P A PR A R A 4 —-H

tion sym- '} Not available for size 4! Note the arrangement of solenoids a and b AR F kB

bol) in relation to the ports A and B, see dim. drawings sect. 3.3.3 B 5

2} Only available for size 1
%) Size 1 also available as explosion-proof version, see sect. 4.1.3 " =) n PR

Simplified

flow R, A L aA b ah Bb B A B

patt 1) 1) GER | TR | R O

symbol P PR PR PR FR PR

Table 2: Size, main data

Coding 0 1 2 3 4

Max. flow apprex. Ipm 6 12 25 65 120

Directional valves (... -way) 2/2,3/2| 3/3| 4/3 | 2/2,3/2,3/3;4/2 | 4/3 | 2/2,3/2,3/3 | 4/3 2/2,3/2,3/3 | 473 212,372,313
Solenoid  Type G.. 500 350 500 4 350 500 4 | 350 400 350 350
actuation and WG..

Pres-

sure F"’QSSWE Type H.. 500 500 700 500 500 500 400 400 ---

Proae actuation  Type P - - 700 400 500 400 400 350 -

(bary  Mechanical Type K. - - 700 400 500 400 400 350 -
actuation  Type 7. 700 400 500 400
Manual Type F.. --- - 700 400 500 400 400 350 -
actuation  Type D.. 500 |- | -— 700 400 500

4 Formax. pressure during shifting, see sect. 4.1

Table 3: Additional elements to influence shifting operations, Installation illustration

inserted in port P or R (can be retrofitted). Check valve | =T Return |
Coding Additional element or orifice pressure
and symbol installed in stop
for Type port P 3 installed in 3
size Note port R
[— Insert check valves type ER Not avail. for 3/3- and 4/3-way directional spool valves type .21 and ...22
E.J§| all acc. to D 7325 The check valve prevents an uncontrolled impact or reflow R—P or A-P,
R |},4 e4g. type ER 01 for valves e.g. if the inlet pressure at P drops below the consumer pressure at A
L size 0 (during idle position or actuation of another consumer with a lower pres-
sure requirement) when several valves are connected in parallel. A pressure
R P reduction is prevented during such switching operations.
|—r _IT size 0=EBO0-0,6 Insert Not available for 4/3-way valves type .22 |
p j all 1=EB1-0,8 orifices | The orifice serves tolimit the flow (see Ap-Q curves) and should be installed if
B o 2=EB2-1,2 typeEB | flow rates higher than Q.. (table 2) can occur while switching from P—A(R):
3=EB3-2,5 acc.to Hydraulic accumulators on the pump side P or in the case of hydr. servo
o ’; 4=EB4-40 D®6465 operation of directional spool valves with control oil supply from the high flow
main gallery.
0 73320002 Retum Only available for 3/2-way valves types .3-.. or . Z3-.. .
S |7r T pressure | Check valves may be installed in the reflow ports R of 3/2-way valves size
;f;g_ 1 7332000b stop 0 and 1. With parallel shifting of several valves, they prevent pressure surg-
I—E':'"I—l - - es from migrating via the common reflow gallery into non-cperated, easily
|_’_ A combination with check valve or moving and unloaded consumers if there is a connection A—R, thus
A 5 R orifice in port P is possible preventing uncontrolled extension movements. Such pressure surges can
eg. G3-1BS-G24, be caused by shifting operations. These check valves are not intended for
GZ 3-1RS-G24 blocking off hydraulic oil, which depending on the combination of switching
operations of other valves, can arise at port R.
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3.2  Further characteristic data
3.21 General and hydraulic parameters

Description 2/2-, 3/2-, 3/3, 4/3- and 4/2-way valve

Design Seated ball valve

Mounting type and Manifold mounting Size ‘ 011 j2 ‘ 3 4
leads connection corresp. to nom. size ‘ 4 18 10 ‘ 15 20
Installation position Any; Vertically with actuation up (besty

Direction of flow Only in arrow direction acc. to flow pattern in sect. 2.1

The location of ports P {pump), B {retum flow), A and B {consumers) are dictated by the internal
design and can‘t be readily interchanged.

Overlap Negative, i.e. the transition from shifting pos. 0into a and vice versais gradual, with 3/2-way valves
all ports may be interconnected during this state. See also sect. 3.1 (table 3)  Additional orifice" !

Operation pressure See sect. 3.1. All ports may be subject to the full oper. pressure, but g pressure drop must be
maintained in flow direction acc. to the flow pattem in sect. 3.1, i.e. P 2 AB) = R.
With 4/3-way valves connection R must be employed as return flow only,
For permissible pressure during switching operations, see sect. 4.1,

Static overload capacity APProX. 2 X P, applies only to valves in idle position (4 from table 2 sect. 3.1}

Flow rating See sect. 3.1, Pay attention to the area ratio of double acting consumers (differtial cylinders), i.e. the
retum might be higher than the inflow.

Pressure fluid Hydraulic ol conforming DIN 51524 part 1 to 3: ISO VG 10 1o 88 conforming DIN 51516

Viscosity limits: min. approx. 4, max. approx. 800 mm/s

Optimal operation: Approx. 10 ... 200 mm?/s

Also suitable for biclogical degradable pressure fluids types HEPG {(Palyallkylenglycoly and HEES
(Synth. Ester) at service temperatures up to approx. +70 °C. For other fluids see sect. 6.2

Temperature Arnblent: approx. -40..+80°C; Fluid: -25.. +80°C, pay attention to the viscosity rangs!
Start temperature down to -40°C are allowable (Pay attention to the viscosity range during start!),
as long as the operation temperature during subsequent running is at least 20K higher. Biological
degradable pressure fiuids: Pay attention to manufacturer's information, With regard to the compat-
ibility with sealing materials do not exceed +70°C.
Restrictions for version with ex-proof solenoid!

2/2- and 3/2-way valves

Additional elements
(tha figures for Ap P—A(R) below
40 7 25 T T T are to be added [}
3 a " .
8‘129 1 1/ Size 2 ’ % i Size 3 Chack valve
20
= 30 a
[ Size 0 / b /g[ o Size 4 10 j -
= ’ = )
15 T 8 ,
5 20 b b a & - { Lik//
© d/ b/ & bS50
b4 10 =1 = @ L
7 / / LA 2 418 /< oy §
¢ 10 L1 a
e 5 |1 8 0 kN s
x Tt 2> 2 —
s = g =g
& o —é.% AT E,/,;/ 5 ol |
0 2 4 6 8 1012 0 10 20 30 40 50 60 70 80 90100 120 @ 0 10 20 30 40 80 120
Flow rate Q (ipm) Flow rate Q (ipr) Flow rate Q (ipm)
Cupve a: P->Aand AR Curve b: PR
Ap-Q curves (guideling)
il viscosity during tests approx.
3/3-, 4/3- and 4/2-way valves 80 mm¥/s
40 —T 30 T T T .
Size 1 1 Size 2 % $ Size 3 o Crifice
[+
— 30 - é é 500
z Size 0 /C 20 e/ . pd o o ‘ o
= éé / Size 4 & 4001 THF2 o
< 20 o ol = o -
ye 9 O T RS
@ 10 i
Lol 1AL ] B R S|/
@
= 100
2 [ =% /N
(5} I S |
& oJz] 0 = =] 5 o
6 2 4 6 8 1012 0o 10 20 30 40 50 60 70 80 90100 120 © 0 10 20 40 50 60
Flow rate Q {pm) Flow rate Q Jprn) Flow rate Q (pm)

Curve ¢ PAB)  Curve d: AB)—R
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M Overview of releasable check valve type RH

Check valves with hydraulic release are a type of check valve. They block one or

both hydraulic consumer lines or are used as a hydraulically actuated drain or /Li\——"‘ i
circulation valve. g
In the closed state the check valve type RH has zero leakage. Available with

hydraulic release. Hydraulic release suppresses relief surges that can occur at
high pressure and with a large consumer volume.

Releasable check valve type RH

Features and benefits:

= Pressures up to 700 bar

= with hydraulic release for smooth switching
Intended applications:

= Blocking of leak-free hydraulic cylinders

4715 D 6105 - RH - 03-2017-1.0 © HAWE Hydraulik SE
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Available versions, main data

Circuit symbal:

Order coding examples:

RH 3

Basic type and size

Tahle 1 Basic type and size

Table 1 Basic type and size

HYDRAULIK

Basic type and size Pressure Flow rate Contrel volume Ports IS0 228-1 (BSPP)
x (bar] lpm cm?
Without hydraulic ~ With hydraulic P (bar) Orex (tpm) (em?) A B z
release release
RH 1 - 15 0.15 G 1/4
700
RH 2 - 35 0.22 G 3/8
RH 3 RH3V 55 0.4 G1/2 G 1/4
RH 4 RH4V 500 100 1 G 3/4
RH 5 RH5V 160 1.8 G1
© HAWE Hydraulik SE D 6105 - RH - 03-2017-1.0 5/15
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3 Parameters

General information

Designation Releasable check valve

Design Spring-loaded ball seated valve, zero-leakage
Model Pipe connection

Material Balls made of rolling bearing steel

Steel; electro-galvanised valve housing; hardened and ground functional inner parts

Attachment Freely suspended in the pipe
Installation position As desired
Hydraulic fluid Hydraulic oil: according to Part 1 to 3;

IS0 VG 10 to 68 according to DIN 1SO 3448

Viscosity limits: min. approx. 4, max. approx. 1500 mmé/s

opt. operation approx. 10... 500 mm?/s.

Also suitable for biologically degradable hydraulic fluids type HEPG (polyalkylene glycol)
and HEES (synthetic ester) at operating temperatures up to approx. +70°C.

Cleanliness level 1S0 4406

21/18/15...19/17/13

Temperatures Ambient: approx. -40 ... +80°C, Fluid: -25 ... +80°C, Note the viscosity range!
Permissible temperature during start: -40°C (observe start-viscosity!), as long as the service
temperature is at least 20K higher for the following operation.
Biologically degradable pressure fluids: Observe manufacturer's specifications. By considera-
tion of the compatibility with seal material not over +70°C.

6/15 D 6105 - RH - 03-2017-1.0 © HAWE Hydraulik SE
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Characteristics

0il viscosity approx. 60 mm?/s

HYDRAULIK

To release (pg = 0 bar) To release the hydraulic
release
Pst
160 T T
200 X
180 ]%\e\"' y Pst
160 o = %S % [y
L 40 )Q}Z*/)\'\/b"‘
N
(5
100 =0 /’4
7 20 —
A 13
5 I =i

18, £

12 0 Pa

o Pa 0 100 200 300 400 500

0 100 200 300 400 500 600 700 Ppse pilot pressure (bar); p,
Pps: pilot pressure (bar); p, pressure at port A (bar) pressure at port A (bar)
To keep open: pst=pe+ Ap+k
pe (bar) = pressure on B side

Ap (bar) =Flow resistance A — B according to A p-Q characteristics

k =10 bar for RH 1 and RH 2
7 bar for RH 3(V)
8 bar for RH 4(V) and RH 5(V)

A p-Q characteristics

Valid for flow direction B — A and released direction A — B
Opening pressure B — A 0.2 to 0.3 bar

- _q'§__q'§é
|
H i
N EE== i)

0 10 20 30 40 50 60 80 100 120 140 160
Q flow rate (lpm); Ap flow resistance (bar)

Ap

° o
N
~&e]
|
&,

NN

At viscosities above approx. 500 mm?/s, a larger A p - increase is to be expected with
smaller types (RH 1 to RH 3).

© HAWE Hydraulik SE

D 6105 - RH - 03-2017-1.0
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Miniature hydraulic accumulators type AC
for mounting in tapped ports

Operating pressure py,.,, = 500 bar
Rated volume V,, =13 or 40 cm?® Type AC Type ACS
Gas filling pressure pj 2, = 250 bar

1. General information

The miniature accumulator discribed here are excepted from the pressure equipment regulation 97/23/EC section 3 (1) 1.1.a and
1.1.b. The pressure limiting valve used for the hydraulic system is sufficient for safe-guarding the permitted pressure level (i.e. the
accumulator itself does not require a separate, specially homologated and approved safety valve). Whenever the accumulator is
utilized in a section of the hydraulic system exposed to excessive pressure during operation {or in the event of a false setting), and
such pressure peak possibly exceading max pressure p,, a simple pressure limitation valve set to this or slightly below p, should
be provided for this section only

It is recommended to add a note to the operation manual for the system, which informs the operator to drain all pressure from the
system prior to any service/repair on the hydraulic system (DIN 24 348, paragr. 7.4.7); see also sect. 6.

Application

® The miniature accumulators type AC may be used for compensation possible leakage loss in small systems operated in switch-
off mode e.g. clamping circuits (prolongation of the off-periods when controled by pressure switches), or as a source suppling
compressed oil in an emergency when the oil supply pump fails to operate. Preference should be given to the AC 40 type in view
of the reservoir volume available.

® AC miniature accumulator may also be used to support the switch-over process with fully hydraul ic, pressure-controlled idle
circulation valves (see D 7529, sect. 5.1).

® A further application of the miniature accumulators type AC is to compensate for changes in volume in specific oil cavities caused
by fluctuations in ambient temperature (eg. long-term tests with small, static presses).

® A accumulator may serve furthermore to influence and increase the inherent of pressure scales or other components actuated
by a difference in pressure. This makes it possible to avoid or quickly overcome excessive fluctuations in compensating for

low-frequency vibration or yaw movements of hydromechanical components, such as crane booms, hydraulic motors on long
pipelines, atc.

2. Available versions, type codings
Example: AC13-1/4-50-...

L Optional extensions (also see section 4.1)
Order code: K 1/4 = Short version,

L 1/4 = Long version

Basic type, Rated Gas filling Perm. Highest perm. oper- Mass Adjustm. range
rated volume and volume pressure over-press. | ating pressure ratio (weigth) for closing valve
type of connection Vo Pomax P4 max Prmax © Pimax from ... to
{cm?) (bar) (bar} isotherm | adiabat (ka) (bar)
AC13-1/4-.. 13 250 500 41 31 03 -
20 ... 100 or
ACS13-1/4-../... 1) 13 250 500 41 31 0.3 80 ... 200 or
180 ... 300
AC40-1/4-... 40 250 400 411 31 0.85 -

1} The version with the closing valve is used when pressures of p,; , which are greater than 4 p, occur in the hydraulic circuit.
Example: One accumulator is intended do dampen in the low pressure range (low gas preloading) and another one is intended

to dampen in the higher pressure range (high gas preloading). Type ACS 13 is selected for the accumulator operating in

the lower pressure range and the closing valve is set to a closing pressure = 4 p; , under adiabatic stress (constant

load change) = 3 p;.
HAWE HYDRAULIK SE Mi Dt 7?11 i
STREITFELDSTR. 25 » 81673 MUNCHEN nigiure Mydrauiic
HYDRAULIK ) accumulators AC
© 1989 by HAWE Hydraulik January 2001-06
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D7571 page 2

Nomenclature
Installation position
Mounting

Ambient temperature
Bursting pressure

Pressure fluid

Operating pressure

Filler gas
Refill possitility

Ap-Q-curves

ACA0  AC(S)13

3. Additional characteristic data

Miniature diaphragm accumulator (ball accumulator)

Any

G 1/4 A1S0 228/1 (BSPP) tapped journal with sealing lip; max. torque approx. 38 Nm
-20 .. +60°C

appro). 4% max. permissible overpressure py

Hydraulic oil conforming DIN 51524 part 110 3 ISO VG 10 to 88 conforming DIN 51519,
Viscosity limits: min. approx. 4, rax. approx. 1500 mm2/sec
opt. operation approx. 10 ... 500 mm?/sec

Also see selection table, Page 1

e bar) gas filling pressure (desired), stamped on accumulater housing
Do max = 250 bar; po min = 5 bar

Poii (bar) lower operating pressure (ol sidel, Py 1 min = 1.1Pg

pois  (par) upper operating pressure (oil side), Pyji 2 max =4 Py {iscthermal),

= 3 py (adiabatic)
Mitrogen, class 4.0

Aparent, necessary filling fhdure on request {section 5}

isotherm

adiabat

7_;?”

lem? 304 10
204
Vorz
4 5
104
1 Von
0
0 Q

500 [bar]

POH
Poiz

The characteristic represents theoretical recommended limit values only. The available
removal volume calculated from the two operating points p.; » and pyj ; at & givengas filling
pressure po is AV = Vo, - Yoy

Largely isothermal behavior can be expected when used for oil leakage compensation. More

rapid lead changes follow the adiabatic characteristic more closely.
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TRIP-CAM LEVER

BCK-32058-33 Shown

PILOT

BP 5-2208 Shown

LW

-

|I 1
a
it}

Bracket and Trip-Cam
Lever is aub-assembly
B&-3200-40-35.

Actugted by cam travel in one direction only. Overiding desice
presents actuation on return stroke. Cam follower is hardened.

Trip-Cam Lever Hormally Closed Hormally Open
TN WAY BICHK-2203-33 B K-2206-33
THREE Wy &y BICHK-3203-33 B K-3206-33
Suffix Options:
—&7  Stainless steel butbon —167 Body, brass internaks, brack et and aluminum
—&2 ity holes clear #4190 scran and aluminum button elecholess nidiel plated.
—155 Fluorocarbon seak —5  Strong spring for applicatiors with marginal
lubrication.

Controlled by a low-pressure signal applied to a small pilot
piston integrated into the valve. This actuates the valve. When the
pressure is exhausted, the valve retums to the unactuated position.
Filot medium is separate from medium being controlled.

¥ NPT Pilot Port

3209-07 Pistan
7 i _ . Filot Cap
3209-11 Pilot Cap Sub- Az embly
s BAIZ00- 64
P-1016-U13-11 "U"Cup
3% 3209-48 Mut
i Pilot Horm ally Hormally
i Closed Open
| TIAC WY BP 5-2208 BPS-2208
i THREE Wiy BF 5-3208 BPS-3206
a :

Minimum Pilot
Pressure required 16 |20 |22 |24 |26 |26 |30 32 | 34 | 36
for Actuation (P51}

If Inlet Pressure Sl is: (020 [ 40 | 60 | 80 [100 |120 140|160 | 1580 | 200

Sufie Options:

— &7 Brass and stainless steel internals — 167 Body, brass infernake, pilet cap are

— G2 Mig. holes clear#10 e electroless nidiel plated.

—185 Fluorocarbon seaks — & Stong spring for applicatiors with marginal

lubrication. Increases pilot pressure by 46%.
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Cylinders
a B e

Threaded
Single and Double Acting

B s fo e, e douliclink s inSAE d mored desi .
®  [esgnad Brbng Ik in high puducton opplioto .
®  Fedue orelimime pridsotan b poviding ocumt,
e pain bl cbmping e,
B [oubk Acting o lindors pzsue ampbe pweed etocton for
[ i mmirolled o perotio s (whens fime & cifim) orwhen s
henvy end efecin s, S ing ke octing oy lindes should be sed with
smollend efbcomonk ond whee retoctonsped & ot citial.
®  [msiolsprim designodds bng [ to Sing ke Acting unis.

Ho denad choma olloy stea | pisi s wo 't * mshmom® evanwhan
1l w it hout grippe .

S primsoe designal to etum the oylinderond mmoct pinks, mot
imended fo pull mecho nisms.

Minmum
Thread Length

Single Aating [5A) Cylindars, astugted hydraulizally 1 diresticn, spring retumed.

200770400 0.0 268 0393

200110401 100 3.18 0.5

20011004 900 bR 150 IS 3.2 n. s bR 1177 R

200110402 pdul} 430 1570

200115400 a.s0 % a2

200115401 100 35 1.767

20011504 Fa00 A, 150 1786 am 1.%7T L 2 68D MA

200115402 200 4.2 IEH

Dliouble Acting [DFA) Cylinders, astoatad by draulizalle both direstions.

2040210400 0.s0 268 0393 0134

200210401 100 312 a.r= a2er
3500 1300 17816 0735 0267

2040210404 150 i 3.8 1177 o400

200210402 00 4.3 157 0534

200215400 .50 25 0234 0336

2040215401 100 3.5 1.767 0773

2040215404 500 800 150 B UGEE 353 187 BT Z 650 1180

200215402 200 4.2 35 1546

Glwder i b e o FE000 i w o wpem g pezare heoniptineisolpsibl by meiy bdnek goiw preae. bodew ae ke
appucnk mlpn tine Brymeopplion i, wal by e psnore by mars i mening pezare 4 ml Gecwny ep sighbdee b G b, 2l
il vjerdmy, mifir e ing.)

Cimensions at 3200 |b. Capacily, Exdended

2040110400 268 050 1.5

2040110401 312 100 2.0

2007110404 3900 1501616 280 150 0.0 24 032 081 0s2 5i16-13 ¥ 044 028 1.E M MA
200110402 430 200 318

Dlzubl= Acting DA

2040210400 268 050 1.5

200210401 318 100 2,06

20021004 3900 1 ¥a-1é 280 1ED0 050 25 032 081 063 Si16-18 ¥ 044 028 1.7 056 0.5
2040210402 430 200 3,18

B Yaktak, Saptembar 200 7 SO0-992-023 4 woveeerakctak.g om
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Cylinders %%j-

Threaded

L0010 FEV B

TAE 4 PORT [SIMGLE ACTIMNG Y

TTRIKE
- O E - F =

- -—-

o L
1

PORT

DIMERGIONGS JLS200104 REV D

Cimensions ab 2200 |b. Capacily, Exdended

del

Capacity
i

Cylind ars, astuated hedraulizally 1 diresion, spring returned.
200715-0] 2y 050 1.5
200711540 325 100 2.0
2040715 0 200 1 NEAE 375 1ED aga 25 040 113 100 W2-13KO0S51 038 1R MA WA
2007115402 426 Z00 306
Cylinders, aduated hedraulizally both direstions.
20021500 2y 050 15
20021540 325 100 206
200215 4 SE00 2 142 37 1ED asa 2E 040 113 100 W2-1E3KO0S51 036 23 081 Odd
200215400 4 26 200 3.0
Bl dimensions ore in indhes. For mounfing hordwo e detoils, see poge L-1. ﬁ
werrei walctale.c om BO0-792 023 & @ Valdak, Se=ptambar 200 7
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LOW PRESSURE FILTERS

V

FIK In-Tank Filters

Working 145 psi
Pressures to: 1000 kPa
10 bar
Rated Static % (7)OpE:3
: a
Burst to: 1500
Flow 170 gpm
Range to: 644 Ipm
STYLEB STYLED
STYLEA STYLEC
Features

FIK in-tank filters are economical, space-saving units offering a variety of options including
aluminum or plastic access covers, mounting options, and breathers. FIK filters, featuring

a die-cast aluminum head and a steel or plastic canister are designed to handle heavy-duty
applications. The head (and the inlet) sit above the tank, while the housing remains inside

the tank, offering design-in flexibility. Optional air breather featuring TR.A.P" technology are
available with style A and B, designed to allow the breather to be mounted directly in the FIK
filter head, thus eliminating the cost associated with an additional penetration to the hydraulic
tank for breather installation. FIK filters offer three service indicators to choose from: pressure
gauge, visual indicator and electrical indicator. FIK filter assemblies are shipped from the
factory with cellulose or Synteq™ synthetic filter media, and replacement cartridges are offered
in a range of media types and performance ratings.

Donaldson.

FILTRATION SOLUTIONS

STYLEE

Beta Rating Standard Bypass Ratings
e Performance to 3, =1000 ® 22 psi / 150 kPa / 1.5 bar
Porting Size Options Operating Temperatures
", %", 1" NPT * -4°F to 194°F / -20°C to 90°C
S, Collape Ratings
e 2" SAE 4-Bolt Flange Code 61 * 145 psid / 1000 kPa / 10 bar

64 - Hydraulic Filtration

www.donaldson.com
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2l Donaldson. FIK (3]
\.J FILTRATION SOLUTIONS
Max Flow: 170 gpm (644 Ipm) 1333

Redesigned with Features for Application Flexibility, o
Improved Servicing and Enhanced Filtration Performance Anplicationa

¢ Cooling Circuits
¢ Fluid Conditioning Systems
e Lube Oil Systems
STYLE B Shown Below ® Process Systems
¢ Return Lines
¢ Side Loop Systems

T.R.A.P.™Breather Technology
Breather ordered separately
Plug ships standard. Pressurized &
atmospheric breathers available.

® Quick fit connection

Multifunctional Ports
{custom)

Contact your Donaldson sales
representative for details

* Anti-splash design allows smooth
operation under tilt conditions

¢ Keeps reservoir free from condensation

® Can be converted into
auxiliary infet ports

® The two secondary inlet
ports can be used in
conjunction with the
main inlet port for higher
flow rates

Flat Gasket Design

o For leak-tigh ti . 3 S
okleakstightoperation Flexible Mounting Configurations

2 or 4 hole mounting option
* Better sealing and stability
* Enhanced stability on plastic tanks

* Reverse compatible — retrofit existing

Service Indicator Ports tanks with the new hole configuration

e Electrical, visual or
pressure gauge options

Built-In By-Pass Valve

¢ New by-pass valve installed with
every filter replacement

Filter Media Technology

Wide range of Donaldson media
offerings — to meet various performance
targets and cleanliness standards

www.donaldson.com Hydraulic Filtration 65

SYI1T14 FHNSSIHd MO
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LOW PRESSURE FILTERS

El FIK

|

MWax Flow: 170 gpm (644 pmj

Donaldson.
g FILTHATIGN SOLUTIONS

FIK Specification lllustrations

Low Flow Assemblies
< 32 gprn (120 1pm)

STYLEA
Ko30319

Innproved Design Feature

+20r4 hole mounting options
+ Built-in by-passwalve in the cartridge
+ |mproved seal design

+ Anti-splash air flowr path

+ Optional mini TRA P breather

Assembly - Side Views
STYLE A

[}

Head - Top Views

S

66 « Hydraulic Filtration

High Flow Assemblies
5-170 gpm (18 - 643 [pm)

STYLER STYLEC.D. E
K0a0811 Assembly part numbers on folloring page
Knag12
Koaog13
Koa1782
Improved Design Feature Im proved Des ign Feature

+Improved seal design
+ Built-in by-passvalve in the cartridge

+2or4 hole mounting options
#Built-in by-passwabe in the cartridge
*|mproved seal design

* Anti-splash air floa path

+Optional mini TRA P breather
+Multifunctional ports for accessories

STYLER

STYLEC. D. E

Ports for
1 sanrice

/ indicator

mm—/

wninw.d onaldson.com
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FILTRATION JGLUTIGNS

FIK EI
Max Flowe 170 gpm (644 [prm) 1ssa

e

High Flow Assemblies
5-170gprm (18 - 643 1pm)

STYLEC STYLED STYLEE
Kom7zo Kozl Ko70248  Knpnasn K5 1204
Koazz1  Koaozss Ko71001 k71003 Ki5:2053
Konzrz  Koaors Ko70239
Koa773 Koz1002
K031027 (2 poini mount only)
Improved Des ign Feature Design Feature Design Feature
+20r 4 hole mounting options +4 hole mounting + 2 hole mounting

Head - Top Views

STYLEC STYLED STYLEE

Portfor service
indicator

Portfor senice
indicator

r(for service
indicator

5d3L11 FHNSSIH4 MO

Dimensions
ASSEMBLY PART NUMBER

STYLEA STYLER STYLEC STYLED STYLEE

k041771

kod 1772

Kkoa 1773
Fodoez Koziozg ko477 Kiomzdg Koroeds Korozsn Kos1am
ASSEMELY Kiosm213 Kooz 11 Koo 12 k0a1782 | zmmoueodty | KD4I7TO i lirg: 2} Koanras Ko71om Korionz Koronz K525z
e in mm in mm in mm in mm in mm in mm in mm in mm in mm in mm in mm in
[ 15| 636 | 910 | 352 | 10| 5E6 | H&a0| 83 | W80 | 307 | 990 | 390 | W90 | BEY | X210 | 285 | M0 | 983 | 2000 | 1142 (4340 (1709 | 20 | 28R

1] MEH | 979 | 1990 Y44 | FE0| 34 [ 160 | 1244 | 1320 | 50 | 1733 | GEZ (2232 | 879 | 3015 | 1159 | 80 | 1300 [ 3855 | 1557 | 8305 | 21 M [ 3135 [ 1236

SERWCE | ZE00 | 856 1900 | 709 | ZR00 | 863 | 0501200 [ 1490 | BET | 1700 | GEI | Z200 | S65 (2390 | TIT | ZR00 | AZE0 | 50| 1437 | 580 | 22 | 280 | 12m

] W0 | 038 [ 276|109 | 276 | 109 | 395 | 1.5 | 62 | 0.8 | 276 | 109 | 275 | 1.09 | 395 | 155 | ROO | 147 | 635 | 260 | 635 | 280 | 400 | 157
TiME CEENINS 570 | a4 | @00 | 354 | 900 ) 364 | 900 | 356|636 (20| %00 | 36 | 900 | 356 (900 | 28 | 1780 623 | 1750 623 | 1750 | BE3 | 1310 516
H HT | 186 | W | &8 | WA | 2 | W05 | L% | 400 | 1.5 | B0 | 268 | 080 | OB | 650 | 25 | 1200 ) 472 | 1260 [ 456 | 1260 | 450 | 950 | 3M
J M| X3 | W | A2 | WA | 32 | M5 | B2 | 90| 173 BE0 | 247 | 8RO | ZAT | BERO | 27 | 1000 | 354 | 1000 3| 1000 | 33 | e0 | 07
K 0|08 | :R0 126 320 ) 1 | R0 | 13 | 20 | 08T 235 ) 116 | 285 | 106 [ 295 | 1.6 | 410 | 161 | 485 [ 131 | 485 | 131 | 380 | 13

crantoon| 110 083 [ 110 [ 043 | 110 | 03 | 110 | 043 | P64 [Bozs| 85 |03 | 85 |03 | 85 [0z | Me | n | nm | MR e[ | i
3] Bz | @323 | G112 [Bddd | 112 |Bddd1| 8112 (B4 | 200 [ 35 [ 95 | 037 | 95 | 037 | 45 [ 037 | M| b | hah | SR | RS | RUSAC| MR DA
F2 Ban | @354 | 8116 | 8457 | 8116 | B4.57 | 8116 | @457 b | DA | 1150 | 453 | 1150 | .53 | 1150 | .53 | b | b | g | DA | G| SR SR DA

A A A A A A A A T S A R T S A R T

[ W1 [ A R hWR] NGA | A [ M| RGRC[ MR | BR[| MG | M| WG| M| R | N[ WA | N[ NG| M| PR || A | e | e
Nz | nuea [ e [ e | owe | e [ g [ g [ [ h | b e e | e | nae | naa | na | na | ma | i | i | i [z [ae
Nz | nua [ e | e | we | s [ [ [ [ e e e [ e | nae | mae | na | na | na | man | e | i [ @1s [ ee

lPClNTEMElJNT M0 | 042 | 85 [ 033 | 85 | 023 | 25 | 033 | WS [ MM [ 90 | 035 90 | 035 | 40 | 035 (8105 | Bod1| B11 [Boda| A1 |Bod3| MWoA | WA
E1 A | B331| 126 | B4ac | 8126 | 446 | B126 | B4.36 | WA | WA | B115 | B4.53 | B115 | Be.53 | B115 (Bess | a@ | a0 | & | 3¢ | & | 30 | WA WA
Ez A0 | B354 | B30 | B512 | 8130 |B512| 8130 |B5AZ| WA | WA | 8125 | 8456 ) B1X | Bea6 | P16 (BesS | A | G | A | A | 8 | 8 | WA WA
£5 WA | A | A | e[ e [ i [ g [ R [ | R | P | PG| PG| WG| NG| NG| Bz | da 6 | Bz | Ba o6 | Bran | a6 | MR | N

PIGHT | Mk | kg | Mbs | kg | lbs | ka | Wb | kg | M5 | kg | Ms | kg | Wb | kg | e | kg | s | kg | s | kg | M | kg | M | kg |
4 18 [ 08 | 21 | 085 | 22 | 145 | ¢1 | 1.8 | 11 05 18 [ 0% | 21 | 085 (243 | 10 | 100 | 45 (131 | 63 | 186 | 24 Iy 32

wnn.d onaldson.com Hydraulic Filtration « @7
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LOW PRESSURE FILTERS

o] ik ! Donaldson
@1 Max Flow: 170 gpm (644 Ipm) hd

FIK Components

Assembly Choices
Bypass Assembly B Filter Provided Filter Diameter Filter Length Flow Range

Port Size Rating* Part No. =1000 Media* with Filter  (in./mm) {in/fmm) (@~5 psid / 34.5 kPa}

taddifonal filter choices on following pages t mestvarious performance requiraments

Low Flow Assemblies

STYLEA

SAE-8 0-Ring 22 psif1.5bar  K030319 36 pm Cellulose P171839 1.69743 6.38/162 10 gpm/ 38 Ipm
STYLEB

SAE-120-Ring 22 psi/1.5bar  KD40811 36 pm Cellulose P171527 2.76/70 3.23/82 14 gpm/ 53 Ipm
SAE-16 0-Ring 22 psi/t.5bar  K040812 36 pm Cellulose  P171533 276170 5.04/128 23 gpm/ 86 Ipm
SAE-20 0-Ring 22 psif15bar  K040813 36 pm Cellulose P171840 276770 821/ 210 32 gpm/ 120 Ipm
SAE-20 0-Ring 22 psi/1.5bar  K041782 1 pm Synthetic P171846 276/ 10 8.21/210 28 gpm/ 106 Ipm
High Flow Assemblies

STYLEC

1/2' NPT 22 psifiSbar  K031027 36 pm Cellulose P171503 2.06/52 2.64/67 5 gpm/ 181pm

1" NPT 22 psif15bar  K041770 36 pm Cellulose P171527 208/ 70 3.23/82 15 gpm/ 56 Ipm
34" NPT 22 psif1 5 bar  KONITT 36 pm Cellulose P171533 276770 5.04/128 18 gpm/ 68 Ipm
1"NPT 22 psif1hbar  K041772 36 pm Cellulose P171533 276/70 5.04/128 21 gpm/ 79 Ipm
SAE-120-Ring 22 ps¥15bar  KO41773 36 pm Cellulose P171533 208/ 70 5.04/128 18 gpm/ 68 Ipm
SAE-120-Ring 22 psi/1.hbar  K041774 11 pm Synteq P1711531 206/ 10 5.04/128 13 gpm/ 49 Ipm
SAE-160-Ring 22 psi/1.5 bar  K040799 36 pm Cellulose P171533 276/70 5.04/128 21 gpm/ 79 Ipm
SAE-160-Ring  22psi/1.5bar  K040798 36 pm Cellulose P171840 276/ 70 8.22/209 32 gpm /120 Ipm
STYLED

SAE-240-Ring 22 psi/1.5bar  K0T0248 36 pm Cellulose P171557 5.51 /140 7.491 203 66 gpm / 248 Ipm
SAE-240-Ring 22 psi/t.Sbar  K0T1001 11 ym Synteq P171556 551/ 140 7.49/ 203 44 gpm /165 Ipm
2" SAE 4-Bolt 22 psif1hbar  KO70249 36 pm Cellulose P171575 551/140 9.84/ 250 106 gpm / 399 Ipm
2" SAE 4-Balt 22 psif15 bar  K071002 11 pm Synteq P171573 5.51 /140 9,84/ 250 T4 gpm/ 278 Ipm
2" SAE 4-Bolt 22 psif1hbar  KO70250 36 pm Cellulose P171581 5.51/140 15,75/ 400 170 gpm / 643 Ipm
2" SAE 4-Bolt 22 psi1.h bar  KO71003 1 pm Synteq P1N579 551/140 15.75/ 400 120 gpm/ 451 Ipm
STYLEE

SAE-20 0-Ring 22 psif1.5bar  K051204 36 pm Cellulose P17539 374795 7.49/ 203 A7 gpm /177 Ipm
SAE-20 0-Ring 22 psift.5bar  K052053 11 pm Synteq P171637 3.74/ 95 7.4/ 203 32 gpm/ 120 lpm
Note

*Bypass valve is an integral part of the replacement filter.

Serwce indicator port available for all assemblies.

Filter Notes

FIK filters utllize either glass fiber, cellulose, or wire mesh media.

Al FIK filtars ars pottad with polyurethans adhesives,

Synteq media designs are double wire-backed using epoxy-coated steel mesh for maximum pleat supportand dirt capacity.
Buna-N® saals ara standard on all FIK filters. Buna-N®is a registerad trademark of E |, DuPont da Nemours and Company.

68 « Hydraulic Filtration www.donaldson.com
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FILTAATION BOLUTIGNE

TR.A.P™ Breather Choices

For Pedesigned Style A and B Assemblies with 4 Hole Mounting Configurations Only
Mote: TR AP breathers are not compatible on older style assemblies with 2 hole mounting configuration

FIK |5

Max Flow: 170 gpm (644 lpm) K38

e,

£,

STYLEA

Part No. Description Efficiency Fits Assembly Models:

STYLEA

PE&T392 Mini T.RA.F 3 pm @ 97 % [ncasi]

STYLEER
. Black

FresEs Standard plug (no air exchange) T K0a0811, KD40512, K040513, Kid1782
3 Blua

Fre6E30 Atmozphenc pressura 10 prid@ 96% K0a0a11, Kodos12, Kod0s3, KonTa:
. Red

FrE6EsS 7.3 psi (% bar) pressurizad 10 prn @ 96% FD40511, KD9081 2, KD40813, Ko7s:

Standard Breather Choices

Replacement Breathers for Older Style A and B Assemblies with
2 Hole Mounting Configuration Only

Part No. Efficiency ks Assem bly Models:
STYLEA

173330 1apm KOEIE19

STYLEER

PiT 2434 10pm ROWOST, KiOd0at 2, K0St 3

Service Indicators

Pressure Gauges

PINS
G
{center back)

P1Hos
G1g
{battom maunt)

wnnne. donald san.com

1451072 psi
-1to46 bar

. DC Electncal
" Indicator
- P171966
17 psid 1.2 bar

(48 ALIDC)

G1a”

i

Visual Indicator
P1nos
17 psil 1.2 bar

G1f8" —am

Hydraulic Filtration = 69

SH3LTH F4N3534d MO
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LOW PRESSURE FILTERS

@ FIK

FIK Components

Max Flow: 170 gpm (644 Ipm)

Filter Choices - Low Flow Assemblies

€

dson.

FILTRATION SOLUTIONS

Filter Choices - Low Flow Assemblies

Media B.=2 B, _=1000 Length Donaldson  Media B.=2 B =1000 Length Donaldson

Type Rating based on IS0 16889 in mm  PartNo. Type Rating based on 18016889  in  mm  PartNo.
STYLEA STYLE B
K030319 K040811

Synteq Synthetic 6 pum 6.38 162 P569273 Synteq Synthetic 1 pm k¥A] a2 P171525

11pm 6.38 162 P171845 23 ym 3% 82 P171526

23pm 638 162 P171842 Cellulose 7um 323 82 P171527

Cellulose 7um 6.38 162 P171839 21 pm 323 82 P171528

27 pm 638 162 P171836 Wire Mesh 60 pm 323 82 P171529

Wire Mesh 60 pm 6.38 162 P171833 90 pm 3.23 82 P1ns24
90 pm 6.38 162 P171830 K040812

Synteq Synthetic 6 pm 5.04 128 P569275

1M pm 5.04 128 P171631

23 pm 5.04 128 P171532

Cellulose 7ypm 5.04 128 P171533

27pm 5.04 128 P171534

Wire Mesh B0 pm 504 128 P171535

90 pm 504 128 P171530
K040813

Synteq Synthetic 6pm 8.21 210 P569276

11 pm 8.21 210 P171846

23 pm 821 210 P171843

Cellulose 7 pm 827 210 P171840

27pm 8.21 210 P171837

Wire Mesh B0 pm 8.21 210 P171834
K041782

Synteq Synthetic 6 pm 821 20 PH69276

11 pm 8.21 210 P18

23 pm 821 210 P171843

Cellulose 7pm 8.21 210 P171840

27pm 8.21 210 P171837

Wire Mesh 60 pm 8.21 210 P1711834

70 . Hydraulic Filtration

www.donaldson.com
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Protective Vents

SCREW-IN SERIES

Increase outdoor enclosure
durability in harsh environments

VENTING FOR PROTECTION

Harsh or changing environmental conditions cause pressure
changes that can stress outdo or enclosure sealsto failure,

allowing contaminants to enter and damage sensitive electronics,

GORE® Protective Yents effectively equalize pressure and
reduce condensation in sealed enclosures, while keeping out
solid and liguid contaminants, They can improve the safety,
reliability and service life of outdoor electronic devices,

AVENTING PORTFOLIO FOR ANY APPLICATION

GORE® Yents Screw-In Series is engineered to provide oleo-
phobic protection and withstand the mechanical stresses of
rugged environments Choose from a full range of sizes and
performance options to meet all your application needs,

+ GORE® PolyVent X3 has a compact, low-profile design that
meets some ofthe industry’s toughest standards, making
itideal for today*s smaller (upto 2 1) housings.

-

GORE® PolyVent Standard offers reliable venting for volumes
upto 51, and comes in two colors and two thread sizesfor
different wall thicknesses, with or without a counter nut,

-

GORE® PolyVent High Airflow has the protection level of
“Standard™ — with nearly 10 times the airflow, For housings
upto 50, it easily manages the strong prassure differentials
caused by extremne weather,

-

GORE® PolyVent XL maintains exceptionally high airflow
in extra-large enclosures (volumesupto 2001) and meets the
most rigorous standards, such as solar resistance (IEC 62108]),

-

WA GORE® PolyVent Stainless Steel offers premium-level
durahility, corrosion- and chemical resistance, to reliably
protect enclosures upto 20 Linthe most extreme conditions,

REALIZE THE BENEFITS OF
GORE® VENTS SCREW-IN SERIES:

* Easy toinstall: ensures fast, foolproof integration for
durable performance in any application.

* Increased safety: therugged screw-in construction
and improved O-ringlceepthe vent reliably secured in
the housing.

* Reliable protection: even afterimmersion, the GORETH
Membrane bloclks contaminant ingress,

* Rugged durability: engineered for chemical, UY and
ternperature resistance, and ydrolytic stability,

* Product quality: 100% quality control, plus full trace-
ability for all ventswith thread size Ma and M1z,

* Flammakbility resistance: All PolyWent caps, bodies

and C-rings are rated UL %4 ¥-0, Polytent XS and Stainless

Steelalso incorporate a UL 94 VTM-0 rated membrane!
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aPTFE Polyestar (PET) GPTFE JPolyestar (PET) GPTFE/ -
Gleophobic Gleophabic Gleophobic
Polyamide (Pag) Polycarbonate (PG stainless steal (14404 f3161)
Blacl: RAL 9011/ Grey: RAL 7055 Gray: RAL 7035 fietallic
16 mim 7oA 18 mm
Silicone €9 shore A silicone 6o Shore A silicong & shara &
Flastic Grey f 10510008 PlasticfGrey /M10516-010 Midel-plated brass fi10510-008
‘es: Individually laser-rarced Mo ‘fias: Individually laser-maroed
GOR Bl bra v CHRing 1002 GOREMPR rbrara GOR e b na O-Ring 1082
¥ g
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M2 1500122 60
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12.2 =0.1mm 33=0.5mm 12.2 +0.1 mm

Wit ras istanoe w0 saly
RN merts

MIETH 0D S:

+ |EC 60065-2-11
(sak fog)

+ |EC 60065-2-52

[oydic salt o

Want durbility in @mosive @5
enwimnment (2.g., Moy, 50,

H.S, Cl)

MIETH OD:
+ GR-3108-CORE

Nt M25iStance a8 in st
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ETHOD:

+ ETS EN 200 019-2-2
« |ECE0085-2-64

Resistance o open fame,

radiant heatand ubraviolet light METHODS:

+ [EC£2108 103
thurnidity freaza - high
wemperature § humidity
Bloved by freesing
M P eratund)
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METHOD:
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GSlevel - 4223
Lightweight Liquid Level Sensor

Key Features

Compatible use with fuels, oils and coolants
Multiple and custom mounting arrangements
Side or top exit cable options

Lightweight Aluminium design

The GSLevel 4223 s a lightweight capacitive liquid level
sensor designed to provide accurate and reliable liquid level
measurement to variety of applications.

The sensor is a form fit and function replacement for the R-Series
sensors as well as bringing the flexibility to be adapted to an
almost limitless range of mechanical mounting configurations.
Standard stock adaptors are available for 1, 2, 3 &5 bolt
rmounting as well as metric male thread designs.

For real product flexibility, vou have the ability to design
your own custom configurations to suit any flat gasket seal
configuration, limitless thread adaptions to both Male and
Female threads.

B Operating temperature range: -40°C to +125°C
® Custom lengths available: 100 - 750mm
B Temperature output option (coming soon)

s%

o
Compliant

OUTPUT SPECIFICATION

ENVIRONMENTAL TESTING AND CERTIFICATION

Primary output 025 405 Ingress Pratection

P62

standard range [an Catum A 1o Datum B (see drawing on pa: Shack tested T
Shock tested 1o
Primary cutput 02510V

BS EN 60068-2-27 {hall-sine pulse 250, 6ms 1000
shocks (positive and negative) iIn each 3 axis)

maximu m range (configurable through user software. See page 4)

Yibration tested to

Resonant frequency search 5 to 7500H7 @ 050 peak

Primary sampur
accuracy

+19% @ 509 FSD full scale deflection) 20°C
Pressure

10 bar (absclute and differential)

o
Primary brop

Trn(in packaging) on all 3 sides

Configurable through user soltware. See page 4

volumetric output lank profiling Wizard or CS¥ file upload Thermal shack

1o BS LN 60068 214, test Na

Secondary output Open collector output 50Y / Ta max switch te ground Cry heat

10 BS FN 60068-2-2, 1251 B

{option M ) ok

ald

Lo BS EN 60068-2-1, lest Ab

Secandary output
hysteresis (option N}

Configurable through user software. See page 4 Damp Heat

10 BS LN 600628 230, test Db

FIC mmunity level

BS EN 60945, BS FN 61326 and BS FN 61000-6-1/2/3/4

ELECTRICAL
Supply voltage 5-32Y0C
roy 2 WIRING
Supply current <20mh
Cable

Interface

Iying lead, 1000mm

Compatibla with RS232

Number of coras
Rescluticn

& with drain wire

10 it (1024 points over measurement range)

Sample rate 10017 e size ZORHE 4015
Sleeving XLPE
MECHANICAL
Lengths avallable 100-/50mm COMPATIBLE MEDIUM
Mouniting oplions 1 hole, 2 hole, 3 hele, 5 hole and M22x1.5 Threaded Fuels Diesel, Gaseline, Bioluels
Sealing options Fanel gasket or o ring Oils Hydraulic, Gear, Motor, Vegetable, Synthetic ester,

Folyalphaclefin Pobyglycol

Cable exit options Top or Side

Welght (100mr) 36,50 (100mm probe with 1000mm cable)

Ethylene Glycol, water

+034g per mm {probe) therealter

Salt water




GSieve

4223

PART NUMBER CONFIGURATOR

PRODUCT CODE

CABLE EXIT EXACT PROBE
S =Side Exit LENGTH IN MM
T=Top Exit (00KXX)

cpmms @

Lightweight Liguid Level Sensor

—

PROBE LENGTH
(NOMINAL)
1=1

SECONDARY OUTPUT OPTION
Y =Temperature

250 mm N = Open collector switch

51

3=501-750 mm

MOUNTING ADAPTORS
0@ = No Adaptor

A =1Hale

B =2 Hole

C=3Hole

D =5Hcle

E =M22x 1.5 thread

CABLE EXIT OPTIONS )
’W""muunm.?:‘nu; 5
A — . - I
T f f | o /
| { [[” _
+ ] =
| ||
C s0AmarTER I | uwaennao
- - | PROSE LENGTH XXX} t120}
— i
. rona WA Ao g8
[&}-tm = {8 MOMATIEAR MEASUREMENT FANGE) 34 i
| |
) ) 1
g a:nmwmmm)_‘

CUSTOM ADAPTOR DESIGN INFO

TOLERANCES

1 Decimal place £0.1mm

LINEAR

2 Decimal places +0.05mm

ANGULAR | +1°

CABLE LOOM

WIRE COLOUR

{PROBE LENGTH 10} {120

DESIGNATION

+V

A (GROUND)
PRIMARY OUTPUT
SECONDARY OUTPUT
Rx

Tx
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GSlevel- 4223

MOUNTING ADAPTORS

Design Notes - Adaptors &Fitting

Lightweight Liguid Level Sensor

Each adaptor s supplied in a kit which includes 3 x M3 CSK screws, with pre-applied adhesive, Fluorosilicone O-rings and a

Flucrosilicone Gasket (options A through D only).

Notes — Adaptors can be fitted in 3 orientations (+/- 120° from top dead centre of TOP VIEW below)
Top Exitcable can be selected for use with options A through D

(Side exit cable shown for illustration only purposes)

ADAPTOR TOP VIEW SIDEVIEW
A
(1 HOLE)
)
G166 -
o
s .
@16.20
RECOMMENDED MOUNTING APPERTURE

B FORUSING THE C-RING SEAL.

5 USEWTH | HOLE FLANGE ADAPTOR
(2HOLE) m CAN BE USED'WITH 2/3/5 HOLE ADAPTORS.
¢ RECOMMENDED MOUNTING APPERTURE
(3 HOLE) E] FORTHE PANEL GASKET SEAL.

5 CANBE USEDWITH 2/3/5 HOLE FLANGE

ADAPTORS,
Lt
i

D PANEL GASKET THICKNESS ;-
(5 HOLE) El
E
(THREADED)

RECOMMENDED MOUNTING
APPERTURE FOR FOR USE WITH
M22x1.5 THREADED FLANGE ADAPTOR
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Lead-free Green

AH9246

ULTRA HIGH SENSITIVITY
MICROPOWER OMNIPOLAR HALL-EFFECT SWITCH

Description

Pin Assignments

The AH9246 is an ultra high sensitivity Hall-effect switch with internal
pull-up resistor on the output, designed for battery operated handheld
equipments to industrial applications.

A chopper stabilized architecture improves stability of magnetic switch
points over the whole operating range. A sleep-awake logic controls
the sleep and awake time to reduce the average operating current of
the device. During the awake time, the output is changed with the
magnetic flux density. During the sleep time, the output is latched in
its previous state and the current consumption reduces to 4pA typical
at 3V. The average current consumption is 8pA at 3V.

The output can be switched on with either north or south pole of
sufficient strength. If the magnetic flux density perpendicular to the
part marking surface is larger than operating point (Bor), the output
will be turned on; if it is less than releasing point (Bre), the output will
be turned off.

The AHS246 is available in industry standard TOS2S and SC59
packages.

Features

« Omnipolar Operation (Switching with North or South Poles)
e Micropower Operation

« Built in Pull-up Resistor on the Output

« 2.5V to 5.5V Power Supply

« Stabilized Chopper

e Superior Temperature Stability

« Digital Qutput Signal

« -40°C to +85°C Operating Temperature

« ESD (HBM): 5000V

« Small Low Profile Industry Standard SC59 and TO92S Packages
+ Totally Lead-Free & Fully RoOHS Compliant (Notes 1 & 2)
+ Halogen and Antimony Free. “Green” Device (Note 3)

(Front View)

3 OUTPUT
2 GND
— P—

TO92S

(Top View)

GND

B

IINE

Voo QUTPUT

SC59

Applications

Cover Switch in Notebook PC/PDA
Handheld Wireless Application Awake Switch
Magnet Switch in Low Duty Cycle Applications

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC {RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http:/ivww diodes.com/qualitylead_free.html for more information about Dicdes Incorporated’s definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <300ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
AH9246 10f 10

Document number: DS38097 Rev.2 - 2

www.diodes.com

September 2015

@ Dindes Incorporated
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AH9246

Typical Applications Circuit

Y

2 %I
OUTPUT Vi 25V to 5.5V
10nF
100pF == AH9246 Rl =
GND !
3
Pin Descriptions
Pin Number
Pin Name Function
TO92S SC59
1 1 Voo Power supply pin
2 3 GND Ground pin
3 2 OUTPUT Qutput pin
Functional Block Diagram
Voo
————— — — —— ———— — — —
I (1) I
Sleep/Awake Timing ) I
: Control ‘ Logic Bias I
| ‘ 1005 |
| l N — |
| Hall L T —-&?OUTPUT
Plate L P e i
| -~ ol . I
Chopper Comparator I
| 2
GND
A(B)
A for TO92S
B for SC52
AH9246 20f10 September 2015
Document number: DS38097 Rev.2- 2 www.diodes.com @ Diodes Incorporated
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AH9246

Absolute Maximum Ratings (Note 4) (@Tx = +25°C, unless otherwise specified.)

Symbol Parameter Rating Unit
Voo Supply Voltage (Note 5) 7 v
loo Supply Current (Fault) 6 mA
Vaur Output Voltage 7 v
lout Output Current 2 mA
B Magnetic Flux Density Unlimited Gauss
TO92S 230
Po Power Dissipation P 70 mw
Tsts Storage Temperature -55to+150 °C
T Junction Temperature +150 °C
- ESD (Human Body Model) (Note 6) 5000 Vv
- ESD (Machine Model) (Note 6) 400 Vv

Notes:

those i

4. Stresses greater than the 'Absolute Maximum Ratings' specified above may cause permanent damage to the device. These are stress ratings only;

functional operation of the device at these or any other d d in this specification is not implied. Device reliability may be
affected by exposure to absolute maximum rating conditions for extended periods of time.

5. The absclute maximum Vpp of 7V is a transient stress rating and is not meant as a functional operating condition. It is not recommended to operate the
device at the absolute maximum rated conditions for any period of time.

6. Electronic semiconductor products are sensitive to Electro Static Discharge (ESD). Always observe Electro Static Discharge control procedures
whenever handling semiconductor products.

Recommended Operating Conditions

Symbol Characteristic Conditions Min Max Unit
Voo Supply Voltage Operating 25 5.5 v
Ta Operating Temperature Range Operating -40 +85 °C
Electrical Characteristics (Note 7) (@Ta = +25°C, Voo = 3V, unless otherwise specified.)
Symbol Characteristic Conditions Min Typ Max Unit
Voo Supply Voltage Operating 25 3 55 v
Supply Current During “Awake”
loo_aw uppy ¢ Ta = -40 to +85°C, Vpp = 2.5V to 5.5V - 1.8 3 mA
- Period
lop_s. Supply Current During “Sleep” Period | T. = -40 to +85°C, Vop = 2.5V 10 5.5V - 4 10 LA
Ioo_ave Average Supply Current Ta=-40to +85°C, Vop =25V to 5.5V - 8 15 HA
lour OQutput Current — — — 1.0 mA
lore Qutput Leakage Current Vour = 5.5V, Output off - <0.1 1 HA
VoL Qutput Low Voltage (On) lour = 1.0mA - - 0.4 \'%
Vou Cutput High Voltage (Off) lour =-1.0mA Vorr0.2 | Voo-0.1 - 3
[ Awake Mode Time Operating - 150 - Us
tae Sleep Mode Time Operating - 100 — ms
D Duty Cycle — — 0.15 — Yo
e Chopper Frequency - = 15 = kHz
Note: 7.F s values over temperature range are not tested in production, they are guaranteed by design, process control and characterization.

The magnetic characteristics may vary with supply voltage, operating temperature and after soldering.

AHO246

Document number: DS38097 Rev.2- 2

3of10
www.diodes.com

September 2015
@ Dindes Incorporated
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Electrical Characteristics (Cont.) (@T» = +25°C, Voo = 3V, unless otherwise specified.)

1
E(— tperion —————A

i
—A e tawae E
1
Ino_sw
f—  fsieer ——
Sample and Qutput
Latched
loo_ave —= )
IDD_SOL ————— — 7~

Magnetic Characteristics (Notes 8 & 9) (@T: =-40°C to +85°C, Vo = 3V, unless otherwise specified.)

(1mT=10 Gauss)

Symbol Parameter Conditions Min Typ Max Unit

Bors (South Pole to Part Marking Side) B>Baes, Vour=Low (output on) 9 18 27 Gauss
Operating Point

Born (North Pole to Part Marking Side) B>Bopn, Vaur=Low (output on) -27 -18 -9 Gauss

Bres (South Pole to Part Marking Side) B<Bgrrs,Vour=High (output off) 4 12 22 Gauss
Rel g Point

Bren (North Pole to Part Marking Side) B<Bepn, Vour=High (output off) -22 -12 -4 Gauss

Buvs ( | Bopx = Brex | ) Hysteresis (Note 9) - 6 - Gauss

Notes 8.P s values over ing temperature range are not tested in production, they are guaranteed by design, process control and characterization

The magnetic characteristics may vary with supply voltage, operating temperature and afer soldering.
9. Maximum and minimum hysteresis is guaranteed by design and characterization.
Bopr=operating point (output turns on); Brex=releasing point (output turns off)

Operating Characteristics

Output Off
High :
BUFN BDF’E

@

=3

g
3
>
5

a
s
o

Bren Baps |
Low ! | Outputon
-B 0 +B

Magnetic Flux Density (Gauss)

Output Voltage vs. Magnetic Flux Density

AH9246 4 of 10 September 2015
Document number: DS38097 Rev.2 - 2 www.diodes.com @ Diodes Incorporated
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Y
Y\ *tK&J Magnetics, Inc.

L4 | J =
® “ Your Source for the World’s Strongest Magnets

D68-N52 Specification Sheet

Product Specifications

Type: DISC

Dimensions:  0.375 dia x 0.5 thk (in)
Tolerance: All dimensions + 0.004 in
Material: NdFeB, Grade N52
Plating: NiCuNi

Max Op Temp: 176°F (80°C)

Br max: 14,800 Gauss

BH max: 52 MGOe

Performance Specifications

Pull Force, Case 1,
Magnet to a Steel Plate: 10.52 Ib

Surface Field values are derived from calculation and verification with experimental testing. These values are the field values
at the surface of the magnet, centered on the axis of magnetization. Measurement of the B field with a magnetometer may
yield varying results, depending on the geometry of your sensor. Pull Force values are based on extensive product testing in
our laboratory. Different configurations of magnets and surrounding ferromagnetic materials may substantially alter your

results.

K&J Magnetics, Inc. - www.kjmagnetics.com - 215-766-8055
Printed: 07/12/2018
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Specification

14.4v 25.2v
Capacity 47Ah 26Ah
Energy 674Wh 655Wh
2000m @ 90 mm x 512mm length.
8.5kg in air, 5.1kg in sea water
4000m © 90 mm x 512mm length.
9.3kg in air, 5.8kg in sea water
6000m @ 90 mm x 512mm length.

8.5kg in air, 5.1kg in sea water

XL: © 180 mm x 630mm length.

Notes: continuously high current output is limited. Please call.

UN T38.8 certified batteries: see next page

Notes: no high current output for Long-John batteries. High peaks on demand, please specify.
Optional: BMS with data interface, remote on/off input, DC/DC regulated outputs {the length is increased up to 150mm)}

Specification “Big Jim” 168/180 mm battery
14.4v | 25.2v | 46.8V | 50.4v
Type Standard XL | Standard XL | Standard XL | Standard XL
Capacity 140Ah  280Ah | 70Ah  140Ah | 34Ah 70Ah | 34Ah  70Ah
Energy 2020Wh  4040Wh | 1769Wh  3538Wh | 1582Wh  3285Wh | 1704Wh  3538Wh
300m Std.: @168 mm x 372mm length.  Weight: 17kg in air, 9kg in sea water
XL: @ 168 mm x 638mm length.  Weight: 29kg in air, 5kg in sea water
2000m Std.: @180 mm x 390mm length.  Weight: 24kg in air, 14kg in sea water
XL: © 180 mm x 630mm length.  Weight: 38kg in air, 22kg in sea water
4000m Std: @180 mm x 390mm length.  Weight: 25kg in air, 15kg in sea water
XL: @ 180 mm x 630mm length.  Weight: 41kg in air, 25kg in sea water
6000m Std.: @180 mm x 390mm length.  Weight: 25kg in air, 15kg in sea water

Optional: BMS with data interface, remote on/off input, DC/DC regulated outputs (the length is increased up to 150mm}

46.8V 50.4V
16Ah 16Ah
730Wh 768Wh

@ 90 mm x 560mm length.
8.9kg in air, 5.2kg in sea water

@ 90 mm x 560mm length.
9.6kg in air, 6kg in sea water

@ 90 mm x 560mm length.
8.9kg in air, 5.2kg in sea water

Weight: 41kg in air, 25kg in sea water

SubCtech GmbH ¢ Wellseedamm 3 « D-24145 Kiel « Germany
T +49 431-22039-880 ¢ F +49 431-22039-881 ¢« www.subctech.com # info@subCtech.com

© SubCtech GmbH. Al right fiews of our continual improvement policy, the design a cifications of our products may vary from those illustrated in this 4
brochure. All pictures and traderar nual are property of their re: Whers. 1, NetDI, SmanDl, , mBubbler, PowerPack, SmanCharger,
Smart3MS, Oceanline, GeeanPack, C ew, Gosubsea and SubCtech are registered or applied trademarks of SubCtech GmbH, Germany. 02.04.2017
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Our new "A” type batteries incorporate our well known AUV (Autonomous Underwater Vehicle) battery
cell for highest capacity. After usage only for high-sophisticated AUV battery systems up to 100 kWh
and 400 V we provide this special Li-Ion technology now for our standard product portfolio.

The special features from the MNP technology are:

* Internal Temperature Coefficient Device (PTC) to protect over-heating on cell level
* Current Interrupt Device (CID) to protect over current on cell level
* Heat Resistance Layer (HRL) to protect over-heating and internal short-circuit

Specification NEW “Long-John” “A" type high capacity battery
14.4v 25.2v ‘ 46.8V 50.4v
Capacity 60Ah 33Ah ‘ 20Ah 20Ah
Energy 868Wh 844Wh ‘ 941Wh 1013wh

All other specifications as above.

Specification NEW “Big-Jim” “A" type high capacity battery
14.4v | 25.2v | 46.8V | 50.4V
Type Standard XL | Standard XL Standard XL Standard XL
Capacity 180Ah 362Ah | 90Ah 181Ah 43Ah 90Ah 43Ah 90Ah
Energy 2605Wh  5210Wh | 2279Wh  4559Wh | 2038Wh  4233Wh | 2195Wh = 4559Wh

Notes all other specifications as above.

2220Wh | 4439Wh | 1984Wh  4122Wh | 1984Wh = 4439Wh

Specification @ NEW “Big-Jim” “M" type high capacity battery
147V | 25.7V | 47.7v | 51.4V
Type Standard XL I Standard XL | Standard XL I Standard XL
Capacity 172Ah 345Ah | 86Ah 172Ah 41Ah 86Ah 41Ah 86Ah
|

Energy 2536Wh  5073Wh

Notes all other specifications as above.
The yellow marked batteries are UN T38.3 tested to simplify shipping (still dangerous goods!)

Specification Certifications & approvals (all types)
Certifications The cells are fully certified for UN/DOT 383 and listed at UL.

Production Production following [PC-A-600 and [PS-A-610 class 2; or class 3 on request.
Environmental Product testing for temperature, shock and vibration following e.g. MIL-STD 810G on request.
EMC Qur products comply with the [EC EMC directives, single tests on request.
Offshore Qur production and quality management is approved to ISO 13628-6 and API17f
Air cargo Our standard products are approved by the "Bundesluftfahrtamt” no. LBA B32F/439.50/15
Vendor We are proved battery manufacturer of the German UBA (Umweltbundesamt) no. 21002655

SubCtech GmbH ¢ Wellseedamm 3 « D-24145 Kiel « Germany
T +49 431-22039-880 ¢ F +49 431-22039-881 ¢« www.subctech.com # info@subCtech.com
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Specification
Battery type
Charging volt.
Minimal volt.
Cut-off

P
y ' N
N

38 Technologies for the marine environment

Voltage ranges (all types)

14v 25v 46V 50v
16.8V 29.4v 54.6V 58.8V

12v 21V 39v av

10V 17.5v 32,5V 35v

Notes: the charge voltage is the max. voltage measured at the battery output. The min. voltage guarantees full performance and lifetime.
The battery capacity is measured down to this level. More discharge will not provide more capacity. Cut-off protects electronically against
under discharge. In case of cut-off our SmartCharger™ will revive the battery.

Specification
Current

Connector
power only

Connector
with power+data

Current options and connectors (High-currents for Big-Jim only)

7A (standard) 20A 30A 40A 50A
BH-4F BH-4F BH-10F BH-12F BH-16F
“Standard”
BH-8F BH-8F BH-10F BH-12F BH-16F
1, 4:V- 1-2:v- 1-3:v- 1-4:v- 1-6:V-
2,3 V+ 2-3:V+ 4-6:V+ 5-8:V+ 7-12:V+
(SeaBattery™ 4-7: Data 7-9: Data 9-11: Data 13-15: Data
compatible) 8: On/Off 10: On/Off 12: On/Off 16: On/Off

Notes: all connectors are SubConn®. The connector BH-4F {e.g. standard 7A, 20A) is SeaBattery™ compatible. Other connectors on request.
For all current outputs larger than 7A the high-power option is required {Big-Jim only; special electronic components and wiring).

Specification
Temperature
Self discharge
Charge cycles

Protection

Data interface
(optional)

Remote On/Off

(optional)
Charger

Switches
{optional)

DC Options
{optional)

Transportation

Storage

General (all types)
-20 ... +60 °C (operating), >0 ... +40 °C (charging), -20 ... +50 °C (storage)
<10 % per year at +25°C, < 5% per year at 0°C
Standard >500 cycles; optional >3000 cycles using special electronic and less capacity
Over-charge, under voltage discharge, current limiting after 1s, over-temperature

BMS (Battery Management System) with RS-232 (RS-485) data interface ASCII NMEA-0183
or binary MODBUS RTU data protocol. Optical isolated.

Remote on/off input pin. Connected to OV (battery -) to switch the battery on. An open input or any voltage
>1.2V up to Vbatt will switch off. The pin is internally connected to Vbatt with IMOhm.

Our SmartCharger™ can be connected all time. Do not open the housing for charging.

Remote switches e.g. for ROV (ISO 13628-6 light torque tool)
or simple linear magnetic switches e.g. for diver or ROV usage

Customised DC/DC outputs e.g. 5V, 12V, 24V. High efficiency and low noise.

LED control light, customized e.g. green/red highly visibility and low-power

The battery must be transported as dangerous goods class 9. SubCtech is registered as a
vendor of batteries. Transported by sea, air or road. We are pleased to advise you.

Storage at +5 to +20°C, approx. 50%-80% charged. Recharge after 3-6 months. We provide
storage/transport boxes with low-power cooling devices and charging.

_A Never use other chargers, modify cables or operate outside the specifications, risk of fire or explosion.

SubCtech GmbH e Wellseedamm 3 e D-24145 Kiel « Germany
T +49 431-22039-880 ¢ F +49 431-22039-881 « www.subctech.com e info@subCtech.com
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SolidWorks CAD Fabrication Drawings

270



! ! z ! € , 4 . s _ 5 fug ..u..__n:_._t.:.u.._ o3 PNpPoTd] _ PISHYOMAITOS |
140 | 133HS 7 . AVIS a:3us — \HJ
800-4-0006 0006 “ﬁs..u @
A3d ON ONIMYEQ ON 103rodd 01 u\\/uozém._ohuq._\:mvzq 98 NOILDIS
AUTYINIGHNOD ‘1 s
SHI1IWOH DI S3HONI -
GIAOHII | S s Hw 1vans 5o
OIADIHD cmww WX mnw_m.ﬁw Mwiﬂxv.a < —
F1/B0/Z1 ST MY HQ i 0T
mw<m ava SIVILNI xui..z:d_m‘ RJ Ifoz_ u
L SIVAOHddY AIHIDIS ISMETHIO $53TNN SIDONVEIT0L
Kiojeaoqur| swagsds Uy SNOWOuoIn’
aantsg pongddy pire mnw_..s,.m__u o tnseg 7
PUEPUROJMIN] JO ANSIIAIU() [ELIOW]Y
¥-¥ NQILD3S
o W
L !
R ¢t
X F
) «V 0001y
007 001y
000 et
3AIS LY 14 WO ) ! ] ]
0SZ A HS - 0" LX9W 'L L st 9Gr1 PG -—
TV NAHLOS & XZ
E3
a ) —
068l 0Grl 0021 +|||l - + Om_ 0Gs
Y :
R k q ' g +
o i
N3HL NAHL dAl
0'ed o= . dAL /| . ool
—=00r=— 0y 005 =
006G =a——0S2 | —= — 000l =
- 0022 -
4vd MWHN - 001 00Z X 00§

TYRALYW
T

271



AUG osTT [euoTIASUL 103 PRpoIg [PUCHENPI SHEOMATIOS |
g | | i I i I i . s I ? | £ !
[Ele] 133HS 7 VIS 8 3us —
900-d-0006 000¢ b
AT "ON DNIMYYa "ON 12ArOsd 0'L T IDNYHII0LIVINONY
an INOD
AO Y
v FEESELD) ﬂwo wﬂmm "
ST MMV B
31v1d 3Sve ST Woml -
0L STVADYddY Q3141535 ISNAZH 1O SS3THN SIOKVAITOL

KIOJEIOqET SWBISAS NEN() STOMOUNY

12 paipddy pue SuisamBugy jo naw g

PUBIPUNOLMAN JO APSIOAN ] [ELIOWATY

| — 00 == 005 = ~ 00F |=
e OSe o B P I e \\j< NYHLOS'S B XT
rd
/
/s
i
El El
0eLE P
-] V e
d
0 AVAW occl oSyl 0SBl 000
ol
v VA
fan
i \ b ! N
TIV NAHLG9 @ XE
[aviah £Srl erl Fre —= NAHLOS 9@ X2
a
000s
LY d WANIWNTY 9L-190F - AHLWW @
TVIHLVW

L ! 4 € T 14 ! S ' ¢ £ 2

272



i _ z , P , . ) < _ B Ao oSy ,_.n::_t_:_ S AC K el _.n,:c:E:E SHYOMATIOS |
[Ele] 133HS i il VIS |.3us —
00-4-0006 0006 s__ufn @
A3 "ON DNIMYHA "ON 123rodd DL T IINTHIIOLEVINONY
An NOD $300T dYVHS ANV SHdNG 117 JIAOWIS 'L
JIAD ALY
1340 vad LELEELS oo e S3LON
ST NAMY ¥ 0
INNOW DNIAdSIIMOd STV s g | How
S — 3L SIVAOY4dY Q3H10345 ISIMAIH 1O SSIINN SIONVHIIOL - $30IS H1OG
aaustag patddy pue ButiaomBug jo Kpnae g s 0 ol
PUEBPUNOLAIN JO APSIBANI] [CLIOWALY v \ \ ClO0+ /H [0
81Iv1ad vy NOILD3S | x\
v/
I BN
vl |
] /j< NAH1 HY - £'OXPN
! 1V NEHLE ¢ XT
[ W
Lo,
—f 08—
or
08
— G — 04
| m TV NYHLQS6 @ XZ
ot
|
(g) 1! @
(,S2°0 X.Z X&) 39NL WANIWNTY 91-1509
IVIHILYW
1 T 4 € T r T S T 9 L 8

273



. _ Z , < , S _ - _ . o uu:,_s::_t_:_ uT o Prperd _.n,:c:E:E SIIOMATIos |
[Ele] 133HS i [k VIS 8 3us —
i ,.v
Z10-d-0006 000¢ L
A3 "ON DMNIMYYa "ON 12ArOsd 0'L T IDONYHII0LIVINONY
an INOD _
3
QIADHddV QIHID3AS SN HSINKG FOVIHNS
Qvd ONRIV3IY 134OVag s | e | TR v
INNOW SNI¥dSIIMOd e sl ANz
310L STVAOYddY Q31410345 ISNAZH 1O SSITHN SIORVEIIOL
KIOJEIOqET SWBISAS NEN() STOMOUONY
aausiag panpddy pue SurisamBEugy jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
1
” e — : “ ,
| (09) !
i
AN
,/’ g
0'5Y
oo
[~ oor = e
ooe ooe
I o)
o€l
t(@)— — @)
o0e N
Y, |
/
/
/ / qd
jm_.:o.m_ﬂ{\ 06X F6 D A\ L\
’ TV NIHLS Y ¢ %Z
dVE MWHN AHL WS
TVIHLVW
L ! 4 £ T 14 ! S ' ¢ £ 2

274



. _ Z , < , S _ - _ s Amoes ,_.n::_t_:_ uT o PrpeTg _.n,:c:E:E SIJOMATIos |
O 133HS i ‘ VIS 8 3us —
R
820-d-0006 0006 oo 1o
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHII0LIVINONY
an INOD
WAV
OADIHD SOO0F XXX
v 431dvay | oo PR v
INNOW d3ddN DONIIHSIIMOd SN HON [
0L STVAOYddY Q31410345 ISNAZH 1O SSITHN SIORVAIIOL

KIOJEIOqET SWBISAS NEN() STOMOUNY

12 panpddy pue SuLisamBugy jo naw g

PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY

NaHL ODNSI/ NIHL008H —, —NIHL 008D
\ \ / )
b /
\ /.nt? S XGE / /
"dALST X OT ™ AN \ \ /
. \ \ /
T \ 7
\ N\ /
N 1 ,m | | le
o]
— 00l 0¢L -
S'le §'5e
O'te
= 0oL -]
a
$S21E
TVIHILVW

L ! 4 £ T 14 ! S ' ¢ £ 2

275



I Z . N = 5 AIUO sy [euoIPNISUT Tog " PNPOIg [PUOeINPI SHYOMATIOS |
1 1 1 1 1
| BEELE 7 Hi VIS a3us m‘. @\/
-q- . | y
§¢0-4-0006 0006 | oo oussrow i ks
A3 "ON ONIMYHa ‘ON 123rOyd 3 0'L T IONYETIOLEVINONY
n HNOD _
FEREIER | o
AINOUIdY QIIDIAS SN HSINH IDVAUNS
M<I_IAOU QINDIHY 00 = X GO0 = XXX W
szl | ST NALYY suT X 18 TR
4TvH INNOW d3IIWILV ava | sTann BTN x) HOMI = Ol —
RN SIVAQUddY Q1D ISAEIHIO SSTTHN STONVHTTOL
KI0JE.10GE ] SUIAJSAS L) STONDHOIY
auatrg parddy pur SuLisamBuyy jo Snav,|
PUE[PUNOYLIN JO ANSIIANI [ELIOWIY L
[OX-Y4 i
f—
acLd
/{\U o8
o]
a
Sav
TYRILYW
T T T ¥ T
L 4 € ¥ S i 8

276



AuG oSy [ewoTIASUL 103 Ppoag [PUoHENPI SHEOMATIOS |
L 7 | Z | 1 | r 4 g 9 | £ |
[[Ele] 133HS T VIS 8 3us — ~
H
400-d-0006 0006 uﬁm\
A3 "ON DNIMYYa "ON 123rOosd 0'L T IDONYHII0LIVINONY
an INOD
WAV
OADIHD ﬂmm.wwvmmm W
7 ST NAYH 0
31¥1d INNOW WO LLOg v s 5 | s
0L STVADYAdY Q31410345 ISNAZH 1O SS3IHN SIOKVEITOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
aauaiag panpddy pue SutisamBEugy jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
Y- NOILD3S
{ S
Hr il T T T T
(os - L ooe b (oot
0'00s
El
NIHLOELD  |=  CLFL —— —— k4| = PTG - NAHLOS 9@ XL
OGS 7Y NIHLOD'S @ Xrp e
i
i
A ' i f
0s8l OGPl 00CL 05 0'se 00s
i I 2
! f
1
!
—= QGG (= Q08 = oLe 008 =
= 0Gl = - 06 =
[o)0#4
a
L33HS MIWHN - HL WW Ol
TVIHLVW
L ! 4 € T 14 ! S ' ¢ £ 2

277



AU os[T [eUoTPISU 10 " IITPOTg [euoem
| _ z , ¢ , ¥ ] . s il ®) —_,_ TR _h ERESLL o n_, d TEVV_MNH:ﬂﬂ__Qm
[Ele] 133HS 7 K SAVIS 8 3us m‘ m\/
F £+
) 4
£00-d-0006 0006 oo 1o o
A3 "ON DNIMYId ‘ON 123r0yd %3 3151 ONIMEHO OH 0'L T IDONYHII0LIVINONY
an INOD _ A
S35 i | seow
QIADHddY Q312345 SAINN KSINK 3DVIINS
OADIHD ohmm WMX. n.nwm.wwvmmm
- T T .
ST MY AT iT X o ¥ S300T JIVHS ANV Sddng T1V IAOWIS 'l
n_nDZ DZ:OM Dom m_._. HLWITING 3] HONI
N SIYAOYddY Q31410345 ISNAZH 1O SSITHN STOKVEITOL
KIOJEIOqET SWBISAS NEN() STOMOUNY

aausiag panpddy pue SurisamBEugy jo nae g
PUBIPUROLMAN JO APISIOAN ] [ELIOWATY

Z0BVEFK6 N/ dIISYWOIN

WNNIWNTY 91-1909

TVIHLVW
T

{ool]

.

‘S91ON

11V NAHL HY - 0" IX9W
11V NAIHLOO'S @

2178



3
g @STY TewO PR UL Tog PNPOIg [EUOReNPI SHYOMUTios |
ﬁ | ¢ i £ I i . ? | £ !
[[Ele] 133HS i o VIS 8 3us m‘ m\}
F £+
) 4
900-4-0006 0006 otoarow 1oy
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDONYHII0LIVINONY
an INOD _ A
eI, i | seow
QIADHddV Q30345 STIN HSINK FOVIHNS
[EEEELD) QTR [ W0
- T T
ST NAYH O EE RN 107 %
Oom mm._. HLEWITING 3] HONI
0L STVADYddY Q3141035 ISTMA3H 1O SS3THN SIOKVEITOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
aausiag panpddy pue SurisamBEugy jo nae g
PUBIPUNOLMAN JO APSIDANI ] [ELIOWALY
0608 {
o — 06T
(
SPDSIYL SUIYIDIN 0" XS
&)
QOY WNNIWNTY 21-1909 - "¥Id WW ¢
TVIHLVW
T T T
L 4 £ L4

279



L Z

Aug ssp jeuonny

U TogPNpoTg [ewonEn
, , . ) _ s ) _hut_un_, g Tuu.u-ﬁﬂ._ﬂn_ﬂj
Lo asMs | i Filen 8 3us ﬁlﬂ‘. @
- 7
£10-d-0006 000¢ otsarow vty
A3 ‘ON DNIMYYA | "ON 1O3r0oud 0L T IDNVHI0LEVINONY
aun NOD
CIAD Y
[EEESELF) 00 KKK
ST NMYE T oL
L3001 WVYOS S HONI [
eI 1WAV 310245 3MEIHLO S5 N TONVIIOL

KIOJEIOqET SBISAS NEN() STOMOUONY
12 patpddy pue SuLisamBugy jo naw g
PUBIPUNOLMAN JO APISIBANI [ELIOWALY

WyOd QoI 05dOH T132NIAID

TVIHILVW
T

— 0'GS

Q005

0'0cc

—00El —=

ozl —= 00 =

W@.Oﬁbo.oﬁ@, |
\ 1% NYHLOS? ¢ X/

0'e8

280



. _ Z , < , S _ - _ . o uu:,_s::_t_:_ uT o PrpeTg _.n,:c:E:E SIIOMATIos |
Lo 133HS i T VIS 8 3Ls —
ERCY
¥10-6-0006 0006 8 oo .
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHIIOLIVINONY v Ivi3d \ ooly
an INOD 00l —_
WAV
OADIHD qnmﬂﬁ“.Wu\vmm W
ST NmvEa o %
¢ AD01I WVOL STVILINI HHEWITIW K] HONI =
0L STVADYddY Q3141035 ISNA3H 1O SS3 TN STOKVEITOL
KIOJEIOqET SWBISAS NEN() STOMOUONY
aauaiag panpddy pue SutisamBug jo nae g
pUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
0'se |~
{ 5
oes . .
0'00s -
- 0G5 |~ Qace = Qosl =]
NIHLS9G X/ 00l 08" - mwfmlfl
\ V6 <
\ 2
N
N
I N
N
I AN
N\
\
0S8l 0Oskl 00l -
1
L]
Qzd — a
[¥ag
WYOd dISI] 0SdOH TIHONIAIG
TVIHILVW
T

281



AUG oS T [ewoTRIASUL 103 Ppoag [PUSHENPI SHEOMATIOS |
g | I i I i I v . I ? | £ !
| O 133HS 3vos 43S —
§10-4-0006 000é ,u__uWnL @ v viad
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDONYHII0LIVINONY
un INOD
QIAOUIdY
EEERELE] ﬁwo w@mww W v
ST MMV i oGl
€201 WV(Od STVILNI HONI _VM +
3L STVAOHdIY 3010345 5IMEIHLO SSITHA SIONVIRTOL 1]
K10J£10qE] SWalsES NEdQ) STONIOUOINY 00
aausiag panpddy pue SutisamBEugy jo nae g
PUR[PUNOLMIN JO YIS N [ELIOWSL * i
* = = 00
0es I
* | m
~ 6967 =]
— 055 00C e
f—0Cl ocsl
0¢L D \
\
I N o)
i
i
1
0's8l 0SFl 00CL O0F -
i -
' '
L] SEEY
ogey — \ 0
NYHL S X/
Gl == i £671 — 9Gr|
WYOd dISl 05dOH TIHONIAIQ
TVIHLVW
L ! 4 € ! L4 ! ' ¢ £ 2

282



A[tig os[] [eUoT T SU 304 oo [emorfen,
i _ z , ¢ , N . ¢ , s "0 —_,_ T —_hut—un_, gl TEVMﬁﬂgﬂ._u_j
| D 133HS V08 g 31§ —
, =3 @ v V13
910-4-0006 0006 oo i e
A "ON DNIMYYa "ON 12ArOosd 0'L T IDNYHII0LIVINONY g-9 NOILDIS
A {NOD
QINOUIdY
EEERELE] G000 7 XRX v
ST NV H Fk...mw an
V ¥MuﬁVl_m E(OH_ STVILINI HHEWITIN R HONE = *
3L SIVADYddY QIHI345 ISINSIHIO SS3THA STONVEIIOL I :
AIOJEI0qET SWASAS UEN(Q) SNONIOUONY e/l
12 paipddy pue & AUz jo Aynae g *
PUBIPUNOLMIN JO ANSIBANI [ELIOWATY

&6 -—
—1 0'6S Q0cc 008l le
—— Q0 —= 0Z6 ~=—{ (065 =
oorg —,
\
2
/
©
068l 0skl 00zl 7
% /
Y
7
/
oesy — /
0064 — \ a
—NEHL G 9D XL
G —ZC ] £6F 1 a4l
WYO4 QDI 05dDH TIDATEONIAIG
VALY W
1 T 4 € T r T S T 9 L 8

283



.
Ao asyjetor 03 PNPOIF PHOREMPT SHYOMTAITOS |
! , 1 ¢ 1 € I v L s 1 ° 1 ‘ I
LSO | 133HS v a1vos 11308 —
W @ v Iy
010-d-0006 0006 vi3a
NOUDINOH TTONY QUL
A3d ‘ON SNIMVYEA | "ON L23rodd S0°L ¥ IONVHIIOLEVINONY
AUITYUNIGHNOD £ £
SHI1IWOH DI S3HONI
TIAOHIAY Q30413345 SSINA HSIN 3DVINS
aNDIHD OLOT R | S0 T
T MMV EQ 27X 0T % +
d1v1d INNOW J1adiw uva s SN x| HON [
L SIVAOUddY AIHIDIMS ISIMBTHIO S5IINN SIDNYHIT0L .
TH0JLI0GU7| WIS UB2I() SNOWOUOINY 06/
2dua3g pargddy pue Buriasmaury jo Kyynovyg
PUBIPUNOJMAN] Jo ANSIIAIU[) [FLIO WY

0 T

Gl =Lyl [3=rgl sl

NAHLOO'S P Xpi

000 0S8l 0OSrl 002l 002

DmIHQovS‘\

NAHLOS 9D X4

- 006 =

- 0'GG =

L13IHS MWHN - HHL WWOL

TYRALYW
T

284




g @STY TewO AR UL Tog PNPOTg [EUOReNPI SHYOMUTios |
g | I i i £ I . s I ? | £ !
| O 133HS Eikzel] 8 3us — mf
B e
910-4-0006 0006 NODArOH 115N Qa1 v 1Iv13a
A3 "ON DNIMYYa "ON 123rOsd 0'L T IDONYHII0LIVINONY
an INOD _
[E) | =
TIADAddY QIHID34S SN HSINKG FOVIHNS
W aLADIHD ¥ WM,K ﬂwo w@mmm v
4 ST NAMY AT P :
S A0 WVOd STVILNI um HONI _M
3L SIYADYddY Q3010345 ISIMEIHLO SSTTHN STONYHITOL
KIOJEIOqET SBISAS NEN() STOMOUONY
parddy pue SutisamBuy jo Kynae
“pueppunoysap jo Lpsaasn) ELIOWSLY
{0€s) T
El
V &'967 1
] — 0SS 0'0ce oo8l le
~—00El—=~ 0¢6 =
oor e
ol
//
o ,_W
. . . . 1 .
oegl  0Osrl 00CL 00r , ose
P 1 \_, ! -
a
Ijm HLG 9 X/
G =—CLF €51 PGl
WYO4 AIDId 05dDH T132A13ONIAIG
TVIHILVW
L ! 4 € T 14 ! S ' ¢ £ 2

285



L

A[UQ SS[Y [euo T SUT 104 PIpoSy [eUoReNpI SHYOMATIos |
| | € | v L g 1 i | 4 |
[Ele] 133HS VIS 4 3Us — 2
D
£10-4-0006 0006 u.h @
AZd "ON DNIMYHA | "ON 123rOdd 0L T IONVHIOLIVINONY
An JNOD
JIAD ALY
[SEEE[ o] n.nwm.wwvmmm w
ST NMY AT 0
¢ A0 WVOS STVILNI HHEWITIN K] HoM _VM
N STYADRAIY QL1034 ISNAIHLO SS3 TN SIONVEIOL
L10Je10qET SWASAS NERIQ SNONOUOITY
12 paipddy pue & AUz jo Aynae g
PUBIPUNOMAN J0 ANSIBAI) [ELIOIAY
{os) .
1 1
k|
=
— 0G5 0Qee /o 0cld
— 00E | —— NAHLED D X/ "
[s)u40) Vo S'eed
V- NOILD3S :
— o354 * | * ' i
Q00c 0681 0GFlL 00l i ] aGse 00r 008
Qce i
, by
1 f
5 L
— 0'GY
01014 /
7 —-00E
osed —| 008y — v
g
G — =LV e'Gr 1 PG ——
0%dOH T132AIAIQ
IVIIILYW
| _ z B ! v ! 5 ' s ‘ 5

286



AuG osTT [ewoTISUL 103 PpoIg [PUCHENPI SHEOMATIOS |
g | I ¢ I £ I v . s | £ !
[Ele] 133HS VIS 8 3Ls —
L6
810-d-0006 000¢ e
A3 "ON DNIMYYa "ON 12ArOowd 0'L T IDNYHII0LIVINONY
an INOD
AO Y
GEESELD) ﬂwo wﬂmm "
ST MMV B
LAD0T18 WVOS SN Woml -
0L STVADYddY Q3141035 ISNAZH 1O SSITHN SIOKVEIIOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
12 paipddy pue SuLisamBug jo nae g
PUEIPINOJ AN §0 AHSIIANN [EHOMSY 1 f
002 o O 06/ B
, *
El
L]
foes! o
i
V¥ NOILD3S OOr ¢ — o)
; N,
\4 jl 001 i
| A
000& oegl  OSklL  00cl o9 B
L
!
ok g
~—NIHLOS P XL
—ZFl £5rl Easigl Frs —
WYOd ISl 0GdOH T13DANIAIG
TVIHILVW
L ! 4 £ T 14 ! S ¢ £ 2

287



L

, , S _ - _ ,  fmwo uu:,_n::_t_:_ uT o PrpeTg _.n,:c:E:E SIIOMATIos |
[Ele] 133HS i VIS 8 3L — ~
H
610-4-0006 0006 e @
A3 "ON DNIMYYa "ON 12ArOosd 0'L T IDNYHII0LIVINONY
an INOD
WAV
OADIHD ﬂmm.wwvmm W
ST NMYH 0
812019 Wv(Od STVILINI HHEWITIN K] Ikcoz_ _VM
0L STVADYddY Q31410345 ISNA3H 1O SSITHN SIOKVAIIOL
KIOJEIOqET SBISAS NEN() STOMOUONY
aausiag panpddy pue SutisamBEugy jo nae g
UE[pUROYMAN JO PSIaAN) [ELIOWS]H
PUB[pUNOLLIN JO [ W OON
f V=¥ NOILD3S
!
free) P I
[ LN 1N N |
+ L 8
08
Q5L — I~
/ —= 0’58 ey
051y N ~ =00 =—00el—m 0064
-8 NOILDO3S / \
s/
i 1 = 2
[}
i ! A
—opoo- 1€9) 0C0Z 0S8l OSFL O0TL ——————
VR o 1
i v | B
/ i v S T N v
: ! !
NYHLOS 9@ X/
- f—— G
Gz 0'8ey g
§L ==l £ PG|
WY Od ISl 0GdOH T13DANIAIG
TVIHLVW
1 _ 4 £ ! 4 ! S ' ¢ £ 8

288



! _ z , : , N _ : _ ; fmo S oAU 03 PrpoIg [EuCenpS SIRIOMUITOS |
|0 uzEHs | i 108 8 aus m ﬂU
BN
¥20-d-0006 0006 e ——
A "ON DMIMYIa "ON 123rodd

0L T IONTHITOL 4VINONY

an iNOD FHOGHIINNOSD FHL 40 3dIS FUSOIdC FHL LY 'FTOH
e JHLIO ANT IHL LY IODI3H SS 881 LX9W TIVISNI L
OADIHD ﬂmm.wwvmmm v
ST NMYH 0
dWV1D ONIINNOW AQY i NS A O IONCCHE
EEI STVADYddY Q31410345 ISTNAZH 1O SS3THN SIOKVAITOL
KIOJEIOqET SBISAS NEN() STOMOUONY .
aauaiag panpddy pue SurisamBugy jo nae g oos
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
T - YR p—Y
o £e 0l \
* /

l g
o/ i ﬁ.u mv

\

—7 oos
/
oerollp 1/
TV NEHIES @
000l 00/ - -+ - "
2
S g9y
TSIV NEHLZ Y @ XP
— 0/l — O6L 00Z -
000l N dAL
azy
4]
MWHN
VLYW
L ' 4 € T r T < ' 9 s 8

289



AU os[T [eUoTPISU 10 " IITPOTg [euoem
| _ z , ¢ , ¥ ] ¢ . s il ®) —_,_ TR _N ERESLL o n_, d TEVV_MwQuﬂﬂ__Qm
[Ele] 133HS i VIS 8 3Us m‘ m\/
F £+
T 4
920-4-0006 0006 oo o o
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHII0LIVINONY
an INOD _ A
313y v | sarow
QIADUddY Q3112345 SAINN KSINK 3DVIINS
OADIHD 0F WMX. W
ST NAYH A EE N
AO078 DNIINNOW d43MO1 Od wva [m W R
0L STVADYddY Q3141035 ISTNA3H 1O SSITHN STOKVAIIOL
LIOJEIOqE T SIAISAS UL SNONOUGINY
aauaiag palpddy pue SurisamBEugy jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
06l
E 3
= (oos) -
e
oor l_
ol
|
00l 7
| -
0G4 X<
a
Nk
TVIHLVW
T T T T
L 4 € 4 S ¢ £ 8

290



AU os[T [eUoTPMSU 10 " JIITPOTg [euoem
| _ z , ¢ , ¥ ] ¢ . s il ®) —_,_ TR _h ERESLL o n_, d TEVV_MwQuﬂﬂ__Qm
[Ele] 133HS i VIS 8 3us m‘ m\}
F €+
T 4
£20-d-0006 0006 owsarow o o
A3 "ON DNIMYYa "ON 12ArOwd 0'L T IDNYHIIOLIVINONY
an INOD _ A
313y s | sarow
QIADUddY QIHID3AS STTIN HSINK FOVIHNS
ADIHD 0F WMX. nnwawuvmmm, v
- T
ST NAYH A 3R 07 %
A2079 DONIINNOW d3ddn ©d wva o SN g | HONI
0L STVADYddY Q3141035 ISTNA3H 1O SSITHN SIOKVEIIOL
LIOJEIOqE T SIAJSAS UEADQ) SNONIOUOINY
aausiag palpddy pue SurisamBugy jo nae g
PUBIPUNOLMAN JO APSIDANI [ELIOWALY
I El
0/l
1 e
(008)
oor {
| 5
i
I
oot)--{ ~-+-r ————— - — lT -
1
T -
N osaxe
a
Nk
TVIHILVW
T T T T
L 4 € 4 S ¢ £ 8

291



. _ Z , < , N _ - _ , Ao uu:,_s::_t_:_ uT o PrpeTg _.n,:c:E:E SIYOMATIos |
o casaHs | il 3VOs 43S —
L€
62-d-0006 0006 L @
A3 "ON DNIMYYa "ON 12ArOsd 0'L T IDNYHII0LIVINONY
an INOD
TAOUAV $3009 ddVHS ANV S3aNd T1V JAOWIY 'L
aTADIHD ﬂwa wwvmmm v
ST NAAY A H
1334038 §14 003 I oM -
3L SIYADYddY Q3010345 ISIMAIHLO SSTTHN STONYHITOL
KIOJEIOqET SBISAS NEN() STOMOUONY
12 paipddy pue SuLisamBug jo nae g
PUEB[PINOLMAN J0 APSI2ANI| [ELIOWAFY
o1y omwxvo_mb.\/
TIV NYHL 'S @ X¥F
— |
( & m
- - 92y
[ -~ N\
-
i e
I
- aly
L
L
- o]
oor g
o . . N TdAL L
~—0F 0e? Y
a
13315 SSIINIVLS 2LE
TVIHLVW
_ 4 £ T r ! S ' ¢ £ 2

292



AU oS[T [EUoTPTISU 105 " JINPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H ¥ d
1 1

1 | € | 4 , s )
[Ele] 133HS i 17 VIS 8 3us m‘ m\}
F £+
T 4
£€20-4-0006 000¢ oo o ouns
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHII0LIVINONY
an INOD _ A
33 i | saeow
QIADHddY QIHID3AS SN HSINK FOVIHNS
OADIHD U0 F X SOO0F XXX
ST NAWEa oLk e
V_UOI_m OZ_._.Z DOE O._.Ulw HLEWITING 3] HONI
0L STVADYddY Q3141035 ISTNAZH 1O SSIIN SIOKVAIIOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
aausiag panpddy pue SutisamBEugy jo nae g
pUBIPUROLMAN JO APISIOAN ] [ELIOWATY
|
i
i
i
i
|
| .
| Qo
i
i
i
|
T - 1 | T
i i | i i
i i i i i
| | 1 | |
06L
S'le 0Pl —=
N
06 091
. . SELULP]
dALOGY — o h
TIV NAHLBE & X¥
MWHN
TVIHLVW
T T T T
1 4 £ 4 S

293



| _ z , o , . ) N Ay uu:,_n::_t_:_ R AR D _.n,:c:E:E SHYOMATIOS |
[Ele] 133HS 7 7 31D a3us — 2
e
L LO-d-0006 0006 u.h @
A3 "ON DNIMYYA "ON 123rodd DL T IINTHIIOLEVINONY
Aan JNOD
JIAD ALY
OADIHD nnwm.w wvmm.n v
ST NAMY ¥ 0
m._.<|_n_ ._.ZDO_\A lo._. STIVILINI HAEAWITIVW X Ikcoz__VM
3L SIVAOYddY Q3H15345 ISIMAIH 1O SSITNN SIDONVHIIOL
AIOJEI0qET SMASAS UEN(Q) SNONIOUOITY ; N
1ag pajddy pust SutiaamBug jo K| {00L}
PUCIPUNOAAN 0 ANSIANE) [ELIOWALY j /
L LT I LT W L m L RIRIEE RN ~
0005
- vl - £5rl - 9°Gr e PG -
1dN | 8
MY NAHLOET P o .
¥ / [o)ez2es — 00D — =0t
N\
T
i N L
I
2
000z 08l oSyl 00Tl 069
1
1
!
. s \ Q
QXTI G A~ \ Vo ok
TIV NEHLS'S & Xr \ dRLOS =6 X2
] ] ) . NAHLOO'S P b
— 05E 0oLl 00El 000
133HS MWHN - "I WINOL
VLYW
1 T 4 € T r T < T 9 8

294



L

[Ele] 133HS 7

VIS

8 3Ls

AU oS[T [EUoTPTISU 105 " JINPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H ¥ d
1 1

0000-6-0006

‘ON DNIMYHT | "ON LDIFOud

AJd

(1437) d¥D D018 WV QS

KIOJEIOqET SWBISAS NEN() STOMOUNY
12 paipddy pue SuisamBug jo naw g
_E.ﬁEEEaZ%E_E

N [ELIOWALY

0006

3101

14
T A
RO
NOWDIroUd 11ONY QHIHL
0L T IONTHITOL4VINONY

WYOd dISI] 05dOH TIHONIAIQ

TVIHLVW
T

A {NOD
CIAD Y
[EEERELS) 00 KKK v
ST MMV WoLE
STVILIN HONI =
SIVADYAAY 310345 3MEIHLO S5 N TONVEIIOL
E
e
b
i
009
— | —
a

295



AuGrosTT [eweTIASUL 103 PRpoIg [PUCHENPI SHEOMATIOS |
g I i I £ I v . s I ? | £ !
|0 uzEHs | n 41¥D§ 43S m m\w
F €
T 4
0000-6-0006 0004 onErons s
A3 "ON DNIMYYa "ON 12ArOowd 0'L T IDNYHII0LIVINONY
an INOD
QIADHddY
aTA2IHD ﬂwa wwvmﬂ v
ST MMV ¥
(IHOI¥) d¥D ¥D018 WO G N -
3L SIYADYddY Q3010345 ISIMAIHLO SSTTHN STONYHITOL
KIOJEIOqET SBISAS NEN() STOMOUONY
12 paipddy pue SuLisamBug jo nae g
PUEB[PINOLMAN J0 APSI2ANI| [ELIOWAFY
0c¢l
L L
! Ly .
oaol L .
0008
e
/e 2
cze S L
T
oced
a
WYOd dISl] 05dOH TIHONIAIQ
TVIHLVW
L ! 4 € T 14 ! S ' ¢ £ 2

296



! 7 _ z , P , . ) < _ s Ao oSy ,_s::_t_:_ U IoF PNpoTg _x,:c__su_iu SIYOMUITOS |
|0 3aHs " 1vos 8 3us s
e
020-4-0006 0006 uﬁm\
AT ‘ON DNIMYIT | "ON 123rOdd £O'L T 3ONVHIIOLEVINONY
an INOD dAL
TRD BV ¥-¥ NOILD3S o€
[EE=E0e) e * W
5T MMV B .
(MOva) dvD SN WoM 15 OT g
N STYAO8dY Q10345 ISTMAIHIO S53THN STONVATIOL
LI0JRI0qET SWA)SAE NEIOQ) SNONIOUOINY
12 patpddy pue SuisamBugy jo naw g
PUBIPURO} AN JO ANSIFA ] [ELIOWSLY
1’66 8
TS9Pl
0L
I
o)
2061 % oSkl
y « I
/
/
/
\\
VY NOILDIS 33S \ =il
WOLLOY 1¥1d WOdd WWGL [ 1 — a
11V NYHL 99 @ 9'9CC
ond
TVIEALYW
1 _ 4 £ ! 4 ! s ' 9 L g

297



3
g @STY [ewO AR UL Tog PNPOIg [FUOReNPI SHYOMUTios |
L 7 | 2 | 1 | r 4 g 9 | £ |
[Ele] 133HS VIS 8 3us —
Euarou ﬁl 1 @\/\
- - & faf )
120-d-0006 0006 s owoarow 1o o
A3 "ON DNIMYYa "ON 12ArOowd 0'L T IDONYHII0LIVINONY
an INOD _ A
3 i | saeow
QIADUddY Q30345 STINN HSINK FOVIHNS
[EE=Ele] U0 F X SO0+ XX
g §orT X LO0 T XX
(INO¥H) d¥D e |
HLEWITING 37 HONI
= STVADYddY Q31410345 ISNAZH 1O SS3THN STOKVEIIOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
aausiag palpddy pue SurisamBEugy jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
V-V NOIL23S
™ i
O'ldc 0S8l 00!l
“dAL o 1
(039 *

2Ad

TVIHILVW
T

oSl L

YV NOILS3S 338

WOLLCE 1V14 WOdd WWSL T ]

11V NAHL 99 @

298



AU oS[T [EUOTPTIISU 105 " JINPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H ¥ d
1 1

; 1 ¢ I € I v ! 1 i
|0 uzEHs | V08 9. 3us m m\w
A
-4 Z
520-4-0006 0004 onErons s
A3 "ON DNIMYYa "ON 12ArOwd 0'L T IDONYHIIOLIVINONY
an INOD _
| T
EAO Y SSIINM HSINE 3DVIUNS
[EEERELE] TO00FXKH v
cliceieo | ST NMYE T eI
ONITMOD LYOTd dCSNIS YA |SIVILNI EETECTINIAES HONI =
0L STYAOYddY QIHIO345 ISINSIHIO SSTTHA STONVEIIOL
AIOJEIOqET SWASAS UEN(Q) SNONIOUOINY
aausiag palpddy pue SutisamBugy jo nae g
PUBIPUNOLMAN JO ANSIAANI [ELIOMATY
00SLL
(€T R A U Y W W WM R = = = — — = = =N R W W W Ak OO
B = 00 B = O~ W — 0 O~ N 0 O B — [S ] KN O = s O 0 N2 O~ 0 — W O~ — A OO =
NOYO N0 A0 A0 DL OB DA @© o 0 0O~ o i B I T i o= N 0N
— B WM N 00N O o~ O ~N = O =N O — @20~ Ok ~N-0-0 o NN —
N TR REN o N L .
% § © © ¢ T8 ¢ ¢ 9 T ¢ % © ¢ as.ﬂee T § ¢ ® § 8§ 6 © 8 ¢ 6 & % & @8
'
-
/ ' / 0¢ce [
/S
/ //
7 [ N
/ N
4 \
¢4 8 e o o L e R ] saaae\.., D e e I e e T e B L e I O'qsty
00zl / 5
I
/
/ \
N
/
\ AN .
co y \ 0T
N,
00sL I 5
\\ /
\ |
/ N\ \
1 \ | / Y
I 4 & 9 o o o 6 & ¢ ¢ ¢ ¢ e ¢ o ¢ L e e & o & & & & & o & ¢ & ¢ 4 o @ I
/ A N
/ AN A
g6— . . ya . ) N N e L—o¢ .
0Z8LX08L — 085 X 02d — — 0L —Olld — 064 dALET D
133HS MWHN “AHL.Z8/E
TVIHILVW
T T T T
! 4 £ 4 § L 8

299



i _ z , P , . ) < _ 9 Ay uu:,_s::_t_:_ S AC K el _.n,:c:E:E SHYOMATIOS )
|0 a3aMs 7 i VIS 8 3us — . >
16 )
LE-V-0006 0006 u.h@
A "ON DMIMYIa "ON 123rodd 0L T IDNYHI0LAVINONY
An JNOD
RO U S3009 ddVHS ANV Sd4Nd 11V JAOWIS "L
[SEEE[ o] qnwo wuﬂvmmm W
cl/eeieo ST NMY AT T
._.m{.z {sz._.z.( ava STVILINI HONI _VM
3L SIVAOYddY Q3010345 ISIMAIHLO SSTTHN STONYHITOL
AIOJEI0qET SMASAS UEN(Q) SNONIOUOITY
12 paipddy pue SuLisamBug jo nae g
PUB[PUROLMN JO ANISI5NI] [ELIOWSEY
00F = g
— 06 =— V- NOILD3S
TT _\ E
i o
ﬂm - ——f ]
To.meL W 0092 _ 005 =
0'68e
$30V1d ¥ e y
£OXE N —— \$|F LA
TIV NAHLEEW . / 5
.
v / L
©
NS
L SS9LE Idld OF "HOS .l dOL ISYW YNNILNY € q
. . AQO4H
L SSPLE Adld Ol "HOS F/E 1SYIN YNNIINY Z
. . 3Svg
L SSPLE F1ddIN IdN OF "HOS .1 1SV YNNI Y L
ALD NOILdI¥D$3d AIGWNN 18 vd ON W3l
1 T 4 , € T r T < ' 9 £ 8

300



A[UG SS[Y [euo T SUT 104 PIpoSy [eUonenpI SHYOMATIos |
; | I ¢ | € | v L g 1 ¢ | 4 |
£10 1 133HS VIS |3us m‘ @
\'4 [4 5 R
A3 "ON ONIMYY0 | "ON 123rO¥d 0L T 3NVHII01 ¥VINONY
An JNOD
PUOCLL0I90 ST HEAD Y
2102/ /50 ST [SEESE[ o] SOO0F XXX W
INNOW YNNIINY HIM Slotsrsa| WW | wavan 109 1 ix
ava STVILINI HONE =
N STYADRAIY QaLI0345 ISNATHLO SS3TN SIONVEIOL
L10Je10qET SWASAS NERIQ SNONIOUOITY
12 patpddy pue SuLisamBug jo naw g
o IR fymoinin ool (NUHLE £ @) 11V NAHLHY - SOXSW
W QU090 | HVda | Ha mwmum / \ A_A_/Q\ DMIHN.V @ —
A Add 41vd NOILJI¥D840 FAEE] P *
JUOCISTH NOSIAZ NIHL S 2P + \\\
e .
ogl +—F 1+ 5
06 ! !
b | | m
o'se
[oeg)
2
aezy -~ 002d
ored — S0m
a
_ ldNvE
1Y NIHLOET @
| _ 4 B ! v ! ' s ‘ g

301



A oY TewoRaMasUT o3 PNpoTg [evoreonpy SHYOMAITIOS |
! | | < ! ¢ | v I g | | ‘ |
[Ele] 133HS 7 31D |3us —_— 2,
G
v 0000-d-0006 0006 u.h@
A3 "ON DNIMYYA "ON 123rodd DL T IINTHIIOLEVINONY
¥ 1v13d
Aan JNOD
JIAD ALY
AQOH e “log i /604 X 800
aNMg - ¥ ONISNOH 3dNSs3dd A [V B 5 | How g
3L S1YADY¥ddY Q3010345 ISMAIHLO SSTTHN STONVHITOL
AIOJEIOqET SMASAS UEN(Q) SNONIOUOINY
aausiag panpddy pue SutisamBEugy jo nae g
PUCIPUBOLIN J0 R0 I0HOWAIY ONIZIAONY 3O4 QINQISNIWIT T
_ $1903 d¥WYHS ANY $3AN8 1% JIAOWIS 1
6 '$3LON
. L0 —= -
P b1
g @8 NOILD3S \/
vl
L
A
o' M 82- ONNQEF/ 1 L\ , m
OF'0 A 102’0 P XE ,./
% Y NIHLEZ - INNBL-9L/6 pzl
TIV NAHL IS0 @ .
NYHLSPZ'0 D XE
v-¥ NOILD3S
0L 0—= =
i I
/9T
g C00'0- QA g
w9 oDEos9p Q0L
=]
\\‘ ~,
: 1
AN
o/
A0 WANWATY 9171509 £od
VALY W
1 T 4 € T r T < T 9 L 8

302



AU os[T [eUoTPISU 10 JIITPOTg [eUoem
| _ z , ¢ , ¥ ] ¢ . s 90 —_,_ TR _N ERESLL o n_, d TEVV_MwQuﬂﬂ__Gm
2101 '133HS i VIS 8 3us m‘ m\w
F £+
1 4
v £000-X-0006 000¢ olowrow oty aum
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHII0LIVINONY
an INOD
TAD Y g-8 NOILD3S
s OADIHD SOO0F XXX W
5T NMvAa gl (;5=10)]
dvO - ¥V ONISNOH F4NSS3dd SIVILING HONI 37 el
3L SIVAOY4dY Q3H10345 ISIMAIHLO SSTTHN STONYHITOL f
KIOJEIOqET SBISAS NEN() STOMOUNY
12 patpddy pue SuLisamBug jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY oz |
- $3903 dJVYHS ANV Sdang 1V JAOWIY "L
— o VIZIET . NOLVZIGONY ddvH 40 v
SRS INNODDV O1LZ000 A9 NOSNIWIA a3 a3y .
310N !
Ad Y A1va NOILdIZDS3U 7 A

S7'0 A 92 - ONN 7201
/IS0 20510 & XE

k|
050 1 892 - ONN9L8/E
€90 1 1E0 @
L1°¢d
- 1 |01 b
W
2 - 1000~ G oy 7000~ oA 2
w0z WO erog T sro9¢
1 I/
a a
TV NdHLIEZ - 4NN 8L-91/6  /
TV NYHL LGS0 D X9
WINIWNTY ¢1-1909
TVIHALYW
1 T z € T 4 ! S ' ¢ £ 8

303



AU G oS[T [EUoTPTIISU 105 " JINPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H i d
1 1

L ) z , ¢ , [ . g \ 9
2107 133HS 7 VIS |3us —_ 2
5 ] &
v £000-X-0006 0006 oy U.WO
AH ‘ON ONIMYHO | "ON 103rO¥d E 0L T IINVHIIOLAVINONY ¥vad
An INOD “ . N
S000" |ae et 50007 g
o o000+ [EED o000+ 80
HADIHD W
7 LRl ST NAYH T 01 Q) ZF0
n_<U - ( OZ_WDOI mw_ DWWmm_n_ va | SIVILNI mE_z::,w,_ Ix_ Ikcoz_ W AL —w| = GZQ
3L SIYADYddY 3115345 ISTHSIHIO S53IHN STONVAIIO o0y /
AIOJEIOqET SWIASAS UEN(Q) SNONIOUOINY T
aausiag panpddy pue SutiaomEs v
PUB[PUNOAN JO £)s14n Ty .
alviaa I
IS
// ~ N =
~—GT'7 — s
| 57T
N A | .
L / \.,\ £90
~ | S,
A ) -0 NOILD3S
/ P e
G000 XOdddV ~ / F \< r
SHINIOD Nv3I4a Ja -
J I 1
. ! I |
. 0200y | | fuam
AL geng? AL
GD
D@ 5

WNNIWNTY 91-1909

s|oH paddo] B -

\,

\ 0S50 4 d2-ONNOCF/L
S9'0 4 1020 @ Xe

N5 5525

(5058

SO

OSSO A2
S SIS

TVIHLVW
T

304



) _ Z | : | - _ ;o PO o PTpoTg [eoieonpS SRIOMANOs
[[Ele] 133HS 7 K VIS 8 3us —
At
5000-X-0006 0006 s__u.f @
A3 "ON DNIMYYa ‘ON 123r0yd %3 3151 ONIEHO OH 0'L T IDNYHII0LIVINONY
A INOD _ A
33 i | seow
EAO NV Q31412345 SSANN HSINK 3DVIINS
A0vd e or X | oo : ¥
5 | wavaa orx | logrw $§39Q3 d¥WHS ON'Y S4dNg 1Y IAOWIY L
Ad3LLVE - ANIS INFWNODIY BN o | HON R
0L SIYAOYddY

KIOJEIOqET SWBISAS NEN() STOMOUONY
aausiag panpddy pue SurisamBEug jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY

TV NAHLS §—

N,

Q3HI0345 ISIMEIHIO SSITHN SIONVEITOL

NN -81-91/6

‘SILON

r
. /
/ g
/
/
\ /
N\ /
N 7
\ I
N
AN
| 2
ol
—_— e N
a s
4]
WONIWNTY 91-1909 0 'VId ?1/6 @
VALY W
1 T 4 € T v T i 8

305



306

. _ Z , < , S _ - _ ,  fmwo uu:,_s::_t_:_ uT o PrpeTg _.n,:c:E:E SIYOMATIos |
2101 '133HS i o VIS 8 3us —
v ~M-0006 000¢ ,u_.uWnL u@
AZd ‘ON ONIMYHO | "ON 103rO¥d 0L T IINVHII01VINONY SONIM HL 4O NOILUSOd TO4INOD OL LVOT1d JAISSVd SN ¢
NOILSOd d3ONVH AJTINd IHL
an °2 TOYINOD OL (STIOH WIN 8 FHLDNISN) S¥IDVIS WM 8'9€ ¥ TIVISNI 'L
WAV
v INFWQTIM oo e 'S3LON
NQCLII13IAS I¥O1d JAISSVd S Wous -
0L STVADYddY Q31410345 ISNAZH 1O SS3THN SIOKVEITOL
KIOJEIOqET SMBISAS NEN() STOMOUNY
aausiag panpddy pue SurisamBugy jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
I Akt aa Hvaa | Ha
ECHEL) EIL) MNOILAIZOS4U At ]
A4OISIH NOISIAZY
El
- G/ |
2
og » xv}—,
AN
/
\
o o o
. S0l 0
z ONIM £ t
4 JIONYH AITINd Z Ik
L J8nL3dno l v'eee
ALD NOILdIZOS3a JIGWNN LYvd ‘ON W3l
L ! 4 , € T 14 ! S ' ¢ £ 2




AUG oS T [eweTRISUL 103 PpoIg [PUCHENPI SHEOMATIOS |
ﬁ | | ¢ ! £ ! v . s 1 ? ! £ !
ZID7 _:133HS z 31vDs 8 3us s
v “M-0006 0006 s.af @
A "ON OMIMYIa "ON 12ArOwd 'R 3L DRI K O'L T IDNYHII0LAVINONY
An {NOD _ ,\V
MIAD ALY /Ln;wr”uwxm meAZ: HSINE WWT<_“_:.V.
v INFWATAM [GEESELD) OC0T XX | G000 TKRK INIWIAINOIE ONIDVLS FHL TOHINOD v
3 ST MMV FOLX ¥ Ol ¥3H1IDOL SIFDONYH AF1INd FHL (SW) 1109 OL S¥3IDVLS €38N L
NCO1313AS LY OT4 JAISSYd SENTW g | HOM
=N STVAOHdIY 3010345 5MHIHLO SSITHA SIONVIRTOL SILON
L10Je10qET SWASAS NERIQ SNONOUOITY
aauaiag panpddy pue SutisamBugy jo nae g
PUBIPURO} AN JO ANSIFAI ] [ELIOWSLY
W | AMWW/GQ 1vaa | Ha
FUL ST BT NOLLI3DSHU Add
AHOISIH NOISIATY
a 4
2 - a'9¢ - s}
] ™,
! AN
AN
TV NYHLO'é ¢
430vdS qQ
1 _ 4 £ ! [4 ! ' 9 L g

307



TVIHLVW
T

. _ Z , < , S _ - _ A oSy ,_s::_t_:_ uT o PrpeTd _.n,:c:E:E SIIOMATIos |
[[Ele] 133HS i o VIS 8 3us m‘ m\/
BN
v 00¢-d-0006 000¢ olowroM Vot Qi
A3 "ON DNIMYYa "ON 12ArOowd 0'L T IDONYHII0LIVINONY
an INOD _ A
3 i | seow
QIADHddY QIHID3AS SN HSINK FOVIHNS
s OADIHD QU0 F X SOO0F XXX W
ST NAYEA oLk ¥
mmDI_- mm:\do HLEWITING 3 HONI
= STVADYAdY Q3141035 ISNA3H 1O SSITHN SIOKVAIIOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
aauaiag palpddy pue SutisamBug jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
I Akt aa Hvaa | Ha [
AdA4Y 41¥ 0 NOILAIZOS4U IAEL]
A4OISIH NOISIAZY
El El
0’05y
— =00l 00l = =
- NOILD3S
—» i fe—
R &
2 ! ol
1
I o ___ -
——
dAL
1 ~— 11V NIHL H? - 0" LX9W -
TIV NYHLOS @
a
91-1909 - DNIGNL WANWNTY A1LSLZE X A0 L6

308



. _ Z , < , S _ - _ . Ay uu:,_s::_t_:_ U IoF PNpoTg _.n,:c:E:E SIIOMATIos |
1o u3EHs | z: VD8 4 .3us s
H
v £0€-d-0006 0008 ”.hm
A "ON DNIMYYa "ON 12ArOwd 0'L T IDONYHII0LIVINONY
An {NOD
TAD Y
[EEE=ELE) SO0T0EE
ST NAYEa H
JIDNVH AN VI WOl
NI STYAOYddY Q31410345 ISNAZH 1O SSITHN STOKVEITOL
LI0JRI0qET SWIASAE NEIO() STONIOUOINY
12 patpddy pue SuisamBugy jo nae g
PUCIPUNOLMAN JO APSIIANI] [ELIOWILY
T | AkWIAQ HvEa | 14a
JERET 41vg MOILAIFOSHU g8
AHOISIH NOISIATY
SIO0TT ddWHS ANY SddNd T1% JAOWIS "L 000z
§31ON
oor - 006 00g =
o0l = = ~—0¢€l
- + ] i
. gl .
H ST —1 oce
f I
gy
ool
L
dAL
0sy 1
00¢
L —_—Y)
7] - = WY3d ANY TI¥Q \
TIY NAHLOS @ XF
91-1909 3LV 1d WANWNTY S L/E
TVIHALYW
L ! 4 € T L4 ! g ' ¢ £ 2

309



AU os[T [eUoTPMSU 10 IITPOTg [euoeIm
| _ z , ¢ , ¥ ] ¢ . s il ®) —_,_ TR _N ERESLL o n_, d TEVV_MwQuﬂﬂ__Qm
|0 uzaHs | z 31vos 8 3us —
o
v 90€-d-0006 0006 LT A U i wosErow 1w
A3 "ON DNIMYYa ‘ON 123r0yd 103 341§ O H0 9H 0'L T IDONYHII0LIVINONY
an INOD _ A
SHAEFWOHTIH | sakon
QIADUddY QIHID3AS STTIN HSINK FOVIHNS
aLA2IHD OC0F X6 | SO007X00 v
ST NARWYEa oLk ¥
ONIM iva Sl HONI
3L SIYADYddY Q3H10345 ISIMEIHLO SSTTHN STONYHITOL
OJEI0qETT SWASAG NESOQ) SNONIONo)IY
aauaiag panpddy pue SurisamBugy jo nae g
pPUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
T | AMWNIOO 1Hvaa | 140 n i
JXREL] 41v0 NOLAI¥$30 Ay
AYOISIH NOISIAZY
S3003 ddVHS ANY S34NG 11V IAOWIY "L
‘§31ON 8
e
0o
ol
i '
(cel _ a0l _
a
21-1909 319 1d WAINIWNTY .2 L/E
TVIHLVW
T T T T
L 4 € r S ¢ £ 8

310



3
g @STY [ewO P TARSUT Tog PNPOIg [EUOReNPI SHYOMUTios |
g I ¢ I £ I i . s I ? | £ !
[[Ele] 133HS i [k VIS 8 3us m‘ m\/
F £+
1 4
v vLE-X-0006 000¢ olowroM Vot aub
A3 "ON DNIMYYa "ON 12ArOsd %3 315 ONIEHD OH 0'L T IDONYHIIOLIVINONY
an INOD _ A
S35 i | seow
QIADAddY Q30345 STAIN HSINK FOVIHNS
W ADIHD ohm ¥ WMX. n.nwm.wwvmm W
- T T
5 ST NAYH A EE N 107 %
d3DVdS INNOW IAVIHS BB R | HONI
I STVADYAdY Q3141035 ISTNAZH 1O SS3THN SIOKVAIIOL
KIOJEIOqET SBISAS NEN() STOMOUONY
aausiag panpddy pue SutisamBugy jo nae g
PUBIPUNOLMAN JO APISIDANI [ELIOWALY
ir Akt aa Hvaa | Ha
AdA4Y 41¥ 0 MNOILAIZOS4U At
A4OISIH NOISIAZY .
dAl
ooLd
L 4 ) g
TEAN
00l P
* /
-] . e
\
Q0oL |- NIHLOOBE XZ—

oQr

009 -]

d¥3 MWHN
TVIHLVW
T

311



. f _ Z , < , S _ AugosTy ,_.n::_t_:_ uT 3o PrpeTg _.n,:c:E:E SIYOMATIos |
O 133HS o VIS 8 3us — R
L€
v L10-d-0006 0006 L @
A3 "ON DNIMYYa "ON 123rOowd 0'L T IDNYHII0LIVINONY
an INOD
WAV
OADIHD qnwawwvmmm
ST MMV B
II'Y 31¥71d 3AIS A31Nd SN Wous -
0L STVADYddY Q31410345 ISNAZH 1O SS3THN SIOKVAIIOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
12 patpddy pue SuLisamBugy jo nae g
PUEB[PINOLMAN J0 APSI2ANI| [ELIOWAFY
ir Akt aa Hvaa | Ha
AdA4Y 41¥ 0 NOILAIdD%40 At
AYOISIH NOISIAZY
M _ Wv3d g TmEd
[ 11V NAHLO8 ¢ XB
. 04/
] 2
| + 2%l
N N
o WV3d g TTldd N, dAL
- - (8T 11V NaHL oGld
(69706 1L
21-1909 319 1d WANWNTY .2 L/E
TVIHILVW
L ! 4 € ! 14 T 2

312



; AU oS[T [EUoTPTSU 105 " INPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H ¥ d
1 1

b 1 ¢ Il € Il i 1 s 1
|0 13aMs 7 z VIS 8 3us m mf
v LL0-d-0006 0005 oson sy s
AJd "ON DNIMYYA "ON 123rOad 0L T IINTHIIOLVINONY
A INOD _ ,\w
[AETNSE EE an Lomnm mﬂhZ: HSINIE M“TZ“_:.V.
RERSELS) 0F mx ﬂmm.wimm v
ST NAAY A P .
Il 9 3L¥1d 3AIS A3TINd T v g | o e
3L S1YADYddY Q3H10345 ISIMAIHLO SSTTHN STONVEITOL
PG | el UE 0 Sematony SNIMFIA
PUG[PUROLUIN JO LIs1aAMI) [ELIOWOLY SIHL NI J31YNDISIA SV FTOH dFINT D, IHL 4O 1d3DX3
T | AMAWIOQ Hvaa | Ha 'Y 3114 3AIS AFTINd OL TVODIINIA! 34V SNOISNIAWIA TV "L |
Al Add 41va NOILAIZOS4U FAEE] Wm HOZ
AMOILSIH NOISIAIY
|
2
WY3d 2 11dd
TIV N3HL [697°0]6°LL @
4]
21-1909 3LV 1d WANIWNITY I L/E
1YINALYW
1 T 4 > T r T g T 9 s 8

313



s
g @STY TewO PR UT Tog PNPOTg [EUOReNPI SHYOMUTios |
ﬁ | ¢ ! £ ! v . ! £ !
|0 uzaHs | z V08 93§ —
O
< wen~d-0006 boos LIS uzu %uzi,m AL Km,zt NOIDAMOHE 115NY Akl
A3 "ON DNIMYYa "ON 12ArOwd FAIBMIZRT 3151 OMIHD OH 0'L T IDNYHIIOLIVINONY
un INOD | &
IWCHOW | s
AD Y Q31412345 SSAINN HSINK 3DVIINS
EEERELE] ow,.,m ¥ WM,K ﬂwm.w@mm v
- T T
Il A3TINd e _ x
va $vl HONE =
3L SIVADYddY QIHIO345 ISINEIHIO SSITHA STONVEIIOL
0JEI0ET STHAISAG NEIDQ) SNONIOUOINY
aauaiag panpddy pue SutisamBEugy jo nae g
pUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
T | AMMWIOO Hvaa | Ha
A8 AdH dIvy NOILIZDSHY Add i
TIOISH NOBIATS —i0el=—
(] i
|
El
e
H— 0'9ST ¢
ol
Fry
‘dAL
oFd TN
d AN
N Wv3d ANY 1180
5061 ¢
0520] a
MWHN
TVIHILVW
T T T
L 4 € r £ B8

314



AU oS[T [EUOTPTASU 105 " JPNPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H H d
1 1

! 1 < 1 ® 1 v 1
[Ele] 133HS i il VIS 8 3Ls m‘ m\}
F £+
T 4
v ####-X-0006 0004 Wousrow s1ow
A3 "ON DNIMYYa "ON 12ArOsd 0'L T IDNYHIIOLIVINONY
oo [ &
313y i | sarow
QIADUddY QIHID34S STIN HSINK FOVIHNS
OADIHD 0F a0 COO0 #2000 W
o | ST NMVEa 9T oL
ONIHSNE NId dO1S v o s g | o
310L STVADYddY Q3141035 ISNAZH 1O SS3THN STOKVEITOL
LIOJEI0qE T SIWAISAS UL SNONOUOINY
aausiag panpddy pue SutisamBugy jo nae g
PUBIPUNOLMAN JO APISIDANI [ELIOWALY
T Akfwiaa Hvaa | Ha [
AdA4Y 41¥ 0 NOILAIZOS4U At
A4OISIH NOISIAZY
El
0sP
e
ol
LULigs )
a
aod 341d S1/2 P
TVIHLVW
T T T
L 4 € 14 £ B8

315



L . z

< N AUG osTT [eweTRISUL 103 PpoIg [PUSHENPI SHEOMATIOS |
1 1 4 1 1
[[Ele] ‘133HS i o VIS 8 3L —
v €-X-0006 0006 e
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHII0LIVINONY
ANWIINIAENOD EIET ; _ ,,Mv:
TIADRIAY | GiioRs N HIE F0vE
v NOILD3S u o | W v
INVAONE LYOTd JAISSY s g | oM o 43HI3DOL SNOILDIS ANOE 'L
NI STVADYddY Q31410345 ISNAZH 1O SSITHN SIOKVAIIOL i
KIOJEIOqET SBISAS NEN() STOMOUONY S31ON
aausiag panpddy pue SutisamBugy jo nae g
PUE[PINOMAN Jo APSIOANE [ELIOMATY
ir Akt aa Hvaa | Ha
Ad Y EIL) MNOILAIZOS4U At ]
AYOISIH NOISIAZY
8 El
2 ol
| NOILO3S z a
INYAONE d3ddN LYOd JAISSYd

| NOILD4S I

INVAONG dIMOT IVOTS JAISSV

ALD NOILdIZOS3a JIGWNN LYvd ‘ON W3l
T T T T
L 4 € 14

316



. _ z , . , " _ . ,  fmwo uu:,_s::_t_:. Ul 1oy prpoIg _.n,:c:E_.E SHYOMATIOS |

[Ele] 133HS 7 gl VIS CEI m‘. @\M
v 600-4-0006 0006 orsron oo
AT ‘ON DONIMY¥T | "ON 123rOHd 'L T 3ONVHIIOLIVINONY ¥-¥ NOILD3S

AnvuNIaHNeD ~ 0G =
[SELYSRMEC
NOILD3S INVAONY o W
JIMOT LYOTd JAISSYd STV Hom =
=N STVADYddY QL1034 ISNATHLO SS3 TN SIONVERIOL
LI0JRI0qET SWASAE NEIOQ) SNONOUOINY

pucipunogman o ks

parddy pue SutisamBuy jo Kynae

N [ELIOWALY

T Ahwiaa

AdA4Y 41¥ 0

Hvaa
NOILAIdD%40 My

=)

AYCISIH NOISIAZY

~____—~

0'00C

S'gey =

0002

f
g R{* .....

o'z

WYOd ISl 0GdOH T13DANIAIG

TVIHLVW
T

317



. _ z , . , " _ A[UQ oS[Y [euaTpTIySUT T05 prporg _.n,:c:E:E SHEOMATIOS |
|0 uzEHs | c 1vos 8 3us s
-d- 0006 10
v 800-d-0006 T
A "ON DMIMYIa "ON 12ArOosd R334 0L T IDNYHI0LAVINONY
MNVLNIAHNGD
THAD IV
v [EE=E0e) SO0 0 KKK v
NOILDAS oo T
INYAONE d3ddN LYOTd JAISSYd STVINT HONI
N STVAD¥ddY Q10345 ISTMAIHIO S53THN STONVATIOL
L10Je10qET SWASAS NERIQ SNONOUOITY
12 paipddy pue SuLisamBug jo nae g
PUBIPURO} AN J0 ANSIFAIE] [CLIOWSLY
W | AMWW/AQ Hvaa | Ha -
A AdY 4Iv g MOILAI3DSHU A3 - NOILD3S — 0'G/
AHOISIH NOISIATY
E]
4881 ~
See -—
- e
Q0%L
- 000 - Q081 - P 0002 -
o)
oosl P q
WY Od QISIY 05dOH 1T132ANING
TVIEILVW
L ! 4 € T 14 T S ' 9 I3 8

318



L . 4

AU os[T [eUoTPISU 10 " JIITPOTg [euoTem
, ¢ , ¥ ] ¢ , s il ®) —_,_ TR _N ERESLL o n_, d TEVV_MwQuﬂﬂ__Qm
[Ele] 133HS i ol VIS 8 3us m‘ m\/
F €
T 4
v 0L€-4-0006 000¢ olowroM oty aum
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHIIOLIVINONY
an INOD _ A
S35y i | saeow
QIADHddY Q312345 SAINN KSINK 3DVIINS
s OADIHD ohmm WMX. n.nwm.wwvmmm W
- T T
5 ST NAMYEA 9% iR
DJO—\( HLEWITING 3 HONI
310L STVAOYddY Q31410345 ISNAZH 1O SSITHN SIOKVEIIOL
KIOJEIOqET SWBISES NEN() STOMOUONY
aausiag panpddy pue SutisamBugy jo nae g
PUBIPUNOLMAN JO APSIOAN ] [ELIOWATY
ir Akt aa Hvaa | Ha
ECHEL) EIL) NOILAIZOS4U At
A4OISIH NOISIAZY
Y- NCILD3S v
g 08¢ 8
F 0681l
"
* Lo,
-] e
2 o]
TT—G'gEY
oSy
. .
— ~—0'08EY -
~—Q0S 1+ 0TL P XS
0°0G =~ [000.9)4 000r
a
C06&
TVIHILVW
T T T T
L 4 € 4 S ¢ £ 8

319



AU os[T [eUoTPISU 10§ IITPOTg [euoem
| _ z , ¢ , ¥ ] ¢ , il ®) —_,_ TR _h ERESL o n_, d TEVV_MwQuﬂﬂ__Qm
[Ele] 133HS i il VIS 8 3us m‘ m\/
F €+
T 4
v 50¢-4-0006 000¢ olowroM Vot aum
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDNYHII0OLIVINONY
an INOD _ A
313y v | saeow
QIADUddY QIHID34S SN HSINK FOVIHNS
OADIHD 0F a0 SO0 F XXX W
E ST MMV £ ¥
143SNI &399Nd Y1100 v [sm BB R | HONI
=y STVAOYddY Q3141035 ISTNAZH 1O SS3THN SIOKVEIIOL
LIOJEI0qE T SIMAISAS UEAD() SIONOUGINY
aausiag panpddy pue SurisamBugy jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
ir Akt aa Hvaa | Ha [
ECHEL) EIL) MNOILAIZOS4U At
A4OISIH NOISIAZY
EXAF LS8 N/d d4VO-dIUSYWoOW M
S41ON E
e
o]
07 = = ocold —
a

CO OF 4339N4 ANYHIFANATC

TVIHILVW
T

320



3
g @STY [ewO PR UL Tog PNPOTg [EUOReNPI SHYOMUTios |
g I i I i I i | £ !
[Ele] 133HS i ‘ VIS 8 3us m‘ m\}
F £+
T 4
v ¥0€-4-0006 000¢ Mollotrowa Vot aub
A3 "ON DNIMYYa ‘ON 123r0yd 0'L T IDONYHII0LIVINONY
an INOD _ A
4313y v | sarow
QIADHddY Q312345 SAINN KSINK 3DVIINS
[EE=E ] 0F XK SOO0F XXX W

g X LO0 T XX

ST NAYH A EE RN 07 %

d30VdS dv110D va |5 BAEWITIN ) HONI =

310L STVADYAdY Q3141035 ISTNAZH 1O SSITHN STOKVAIIOL
LIOJEI0qE T SIWAISAS UEAD() SNONOUOINY,
aausiag panpddy pue SutisamBEugy jo nae g
PUBIPUROLMAN JO APISIOAN ] [ELIOWATY
ir Akt aa Hvaa | Ha
ECHEL] EIL) MNOILAIZOS4U At ]
A4OISIH NOISIAZY
El
e
ol
=00ll=
a

39NLMWHN AL £@ X AO F &

TVIHILVW
T

321



L | Z €

AUGrosTT [euoTRISUL 103 Ppoag [PUCHENPI SHEOMATIOS |
I I i . s I ? | £ !
[[Ele] 133HS i ‘ VIS 8 3us m‘ @\}
Ty
v L0€-d-0006 000¢ olowrow oty aum
AT "ON DNIMYYa ‘ON 123r0yd %3 3151 ONIEHD OH 0'L T IDONYHII0LIVINONY
an INOD _ A
33y i | saew
QIADAddY Q30345 SN HSINKG FOVIHNS
s ADIHD ohm ¥ WMx n.nwm.w wvmm.n W
- T T
5 ST NAMYEA 9% g
I_|MI_>m MD_DO HLEWITING 3] HONI
I STVADYddY Q3141035 ISNAZH 1O SSITHN SIOKVAIIOL
KIOJEIOqET SWBISAS NEN() STOMOUNY
aauaiag panpddy pue SutisamBugy jo nae g
PUEB[PINOLMAN J0 APSI2ANI| [ELIOWAFY
ir Akt aa Hvaa | Ha
AdAdY EIL) MNOILAIZOS4U JAEL] — mm\/w
AYOISIH NOISIAZY -y NOILD3S \\
/
\\
T
_ / \A ,
p i
El £ A | g
/ N, dAL
/ o8
/
/
/ 00E-d-0006
ord) 00 o 38N130IN9 40 —{
| B i Al 43N0 L4 604 - le
(67690
AN/, ”
i
[ R
2 o]
00| —==00l=—
009
a
dOd MWHN ,E®
TVIHLVW
T T T T
L 4 € r S ¢ £ 8

322



O

91-1909 ONISNL WNNIWNTY AILEF X QO F B

TVIHILVW
T

00l —

1

00¢ =

. _ Z , < , S - s Rmoes ,_s::_t_:_ uT o PrpeTg _.n,:c:E:E SIOMATIos |
Lo 133HS o VIS 8 3Ls —
7 Euarou ﬁl 1 @\1\
- - = = |
v 20€-4-0006 000¢ s HolowroM oty aum
A3 "ON DNIMYYa "ON 12ArOwd 0'L T IDNYHIIOLIVINONY
an INOD _ A
33 i | seow
QIADHddY Q30345 SN HSINK FOVIHNS
s OADIHD QU0 F X SOO0F XXX W
s ST NAYEA oLk ¥
m_(l_l_ou mmDHMO_DU HLEWITING 3] HONI
0L STVADYddY Q3141035 ISTNAZH 1O SSITHN SIOKVAIIOL
KIOJEIOqET SWBISAS NEN() STOMOUONY
aausiag palpddy pue SurisamBugy jo nae g
PUBIPUNOLMAN JO APISIOAN ] [ELIOWATY
—| Akt aa Hvaa | Ha
AdAdY 41¥ 0 MNOILAIZOS4U At
A4OISIH NOISIAZY
00£-d-0006
390134AINo 40
—
/ QO d3A0 14 6Dd
(e9s@)
El
N
L .
L ——(9'10Lp)
SIOVId ¥
- 0 A0l @ e
TV N¥HLY'S @ 1/
-1
@ i
I
T
i
i
7 ’

323



L

211909 WNIWNTY 31¥1d ¥/ 1

TVIHILVW
T

007 =

f _ , Y ) < Augresyy ,_.n::_t_:_ uTIog PIpord _.n,:c:E:E SHYOMAITOS |
[Ele] 133HS 7 31D L — 2
e
v 012-d-0006 0006 u.h@
A3 "ON DNIMYYA "ON 123rOad DL T IINTHIIOLEVINONY
GO0 O+ 300
N
V_UMO mw<m YWV uﬁ HONI _|
3L QIHID3dS ISMEIHIO SSTTHN STONYETIOL
IO s B R $3903 d¥YHS ANV SHANG 1% JAOWIY
PUBIPUNOLMIN] JO ANSIBAN) [ELIOWSTY
A0 Hvaa | 1Ha SIDVId @ SILON |
A Add 41v 0 NOILJI¥D840 FAEE] Om,w_ [/
J4OISTH NOISIAY 00F
- 1% NAHL HY - £ OXPW
TI% NYHL HY - 527 LX8W \ /7 TV NIHLEE ¢ X2
IV NYHLE'S & X N
e~
TV NAHL LG ¢ X9 NN
'Y T1% NHHL HY - 0" LX9W
— TIV NAHLOG @ XT
- oxAN I~
NAHLOOF P X~ I
st
1
] :
008
\
N
4]

324




p AU G oS[T [EUoTPTASU 105 " PNPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H ¥ d
1 1

L | z | b3 | ¥ L I
[Ele] 133HS 7 jxi VIS a3us — 2,
e
v Z1Z-d-0006 0006 uﬁ@
A3 "ON DNIMYYA "ON 123rOad 0L T IINTHIIOLEVINONY
AnvUNIaHNOD $3903 dYYHS ANV SH¥NEG 117 IAOWIY L
JIAD ALY
[EEEE0S) e ‘S310ON v
& ST NAYH :
FANDVHE INILS va | SN Hon _VM
3L SIYADYddY Q3110345 ISIMAIHLO SSTTHN STONVHITOL
e ey
PUB[PUROLAN Jo LS .
T AhfW L HVda | Ha W W L kS ;ﬂ nw ‘u -
A Add 41vd NOILJI¥D840 FAEE] *
AMOILSIH NOISIAIY
009 W NEHLEY @ Xe
/ :
(o101 m
0z -
. *
L/
. . 2
ol - 00l 009
Q - 008 -
ool ﬁ —— 009 -
Q TV NHLSS B XT
. fan
igos) a b - - @®-
] ] qQ
05z
9L~ 1209 WNNIWNTY F1ONY F/ L X.F X2
VLYW
1 ' 4 € T r T < 9 £ 8

325



, AuOSS[TIeuOTpTISUT T03 PRPOIg [PUONEMPI STYOMATIOS |
S N £ N
| I

‘ 7 1 z | € | v 1 1
[Ele] 133HS i VIS a3us . —
F £+
v L1Z-d-0006 0006 ”.hm
A3 "ON DMIMYIa "ON 123rodd 0L T IDNYHII0LAVINONY
un INOD | &
Ao | swon
JIAD ALY 03110345 SSITNN HSINK 3DVIUNS
[SEEE[ o] ommm WMX. n.nwm.wwvmmm W
ST NMYH T ol
ANI4S Sz um HoM _VM
EEN STYADRAIY QL1034 ISNATHLO SS3 TN SIONVEIOL
A X A 7 Pl A0 S RS TR SN S B o (0]
saunisg paniddly put Basasuug 10 oty push T8 3
PUBPUNOYAAN J0 AISIBANI [ELIOWAEY o000 Doo O
T Ahfw/aa HVda | Ha ¥ _ ' ¥ —
A Add 41v 0 NOIL4I3D84U FAEE] _ O {
JUCISIH NOISIATS i i
] 0/l @ ©
. ' |
S30d3 JAVHS ANV Sdang 11V IA0WIY l |
“SIION L @ .
] 006 O O ] "
i oorl D0 O °
| rA Al ©® &)
i ¢ — &
g
TV NAHL 99 ¢ XEL
BY) =
A1V 1d 21-1909 WNANIWNTY 21/€
VIHALYW
T

326




AU G oS[T [EUoTPTSU 105 " JPNPoig [euoreInpy vﬁﬁﬂgﬂﬂj
H ¥ d
1 1

L . Z . € L4 N
o casaHs | i VDS 8 3us s
e
v 91Z-4-0006 000 u.h O
A "ON DMIMYIa "ON 123rOwd 0L T IDNYHII0LAVINONY
an INOD SIOAT dYVHS ANV Sq44Nd 11V IAOWIS 'L
RO .
EEEEE0S) EREre ‘SALON
5 ST NARYH 0
INNOW dyvO4d Ve[SV Hom =
N STVADYddY QaLI0345 ISNAIHLO SS3 TN SIONVERTOL
LI0JRI0qET SWASAE NEIO() SNONOUOINY
12 paipddy pue SuisamBugy jo nae g
PUBIPUROJAMIN JO AHSIZAIL] [ELIOWORY
W | AMW/AO Lvaa | Ha
ASAdN [ dIvO MOILAI3OSHU LT
AHOISIH NOISIATY
TV NYHL EE - DNN Q-
11V NIHLET P XE J/
N\
A A :
=ooote = N\ - £es -
/
N
—=—00lf=— //Il. =—F2 e —=QG
// f
M & o))
I i (] ‘ b
N © O N
€9
008 a'e? G'8¢g 008 - - - - - - - - oS o
“dAL !
ol N
! B
L] & -
! @ ﬁ/
| AN
1% NdHL H? - SOXEwW - 0z |- 3 - orl - 0| = / 1TV NAHLHS - SOXEW
11V NAHLST ¢ X2 TV NAHL ST & Xr
1% NYHLS'9 D Xz
PL-1909 WANIWNTY AL¥1d SL/€
TVIEILYW
1 ' 4 ¢ [4 ! ‘ 8

327



. _ Z , < , S _ - _ . Ao oSy ,_s::_t_:_ U IoF PNpoTg _.n,:c:E:E SIYOMUITOS |
|0 uzEHs | il V08 1 .3us — ey
P
v §12-d-0006 000 s.af @
A "ON DNIMYYa "ON 123rOsd 0'L T IDNYHII0LIVINONY
A INOD _ A
R, i | s
AD Y Q31412348 STANN HSINKE 3DVIINS
W [EEE=ELE) om_*,.,m ¥ WM,K ﬁwm.wimm v
ST NMYH T ol
13N0VEE 12D W_E_z::m,_ um Ikcoz_ _VM
E SIVADYddY e
S — 7L Q31410345 ISTNAZH 1O SS3IHN SIOKVEITOL TV NEHLE'S @ X
aausiag panpddy pue SurisamBEugy jo nae g \
PUGIPUNOLMAN JO APSIIANI] [ELIOWILY .
(8+) /
| wr | asmwwiaa Hvaa | Ha F‘ 1 \ -
A8 AdH dIvy NOILAIFISHU AdY [ T 1 L .
JUOISIH NOIATY * Sl mm\
S3003 ddVHS ANV SddnNg 11V JAOWId 7L I
‘S91ON
g
osE Q99
i ! O <
L] 1
e :
= (g¥) 084== OFC |=
0001
i 3 — 00Z oeL -
Q ﬁ \j,q NIHLZ'? D XZ
ey e @\ .
0z
1~ 1909 WANIWNTY 39NL.7L/E X2 X7
TVIHALYW
L ' 4 € T 14 ! S ' ¢ £ 8

328



.
N[O IS e TP THSUT 0 Prpodg [PUolienpI SHgOMaAnios |
; I ¢ | € | v L s 1 i | 4 |
[Ele] 133HS 7 il VIS 8 3Ls m m\w
R
-4 Z
v ¥le-4-0006 0004 oA 1w G
A "ON DNIMYYa "ON 12ArOwd 0'L T IDNYHII0LIVINONY
AT {NOD
MAO Y
[AEESE[P] SO0 0 730K W
¢ ST MMV oL
._.MMU,QMM Nlo ava SIVILINI HONE
3L SIVAOYddY Q3H15345 ISIMAIH 1O SSITNN SIONVHIIOL
AIOJEIOqET SMIASAS UEND(Q) SNONIOUOINY
12 paipddy pue SuLisamBug jo naw g
PUB[PUROLMAN JO ANISI35NI) [ELIOWSLY
T Ahwiaa Hvaa | Ha
AdA4Y 41¥ 0 NOILAIdD%40 MY hwvﬁu
AHOISIH NOISIATY *
SO0 dYWHS ANV SH8NG 1% IAOWIY 'L ) — L
| 0/l
'S3LON o
T\@“‘@ \33%:3@ Xy .
i80s) f

—— PGl =— 08 ——

002

]
—00lf= 0or -1

Yy
N\

206 A

00e /’j,q, NYHL 29 & XC

211909 WANIWNTY FTIONY L2 L/EXE X

TVIHILVW
T

329



L Z

AU oS[T [EUoTPTASU 105 " JPNPoig [euoreInpy vﬁﬁﬂgﬂﬂj
I I £ I i . I ? L £ L
[[Ele] 133HS i il VIS 8 3us m‘ m\/
F £+
1 4
v €12-4-0006 000¢ olowroR oty aum
A3 "ON DNIMYYa "ON 12ArOowd 0'L T IDNYHII0LIVINONY
an INOD _ A
S35 i | seow
QIADHddY QIHIDIAS STTIN HSINKG FOVIHNS
JADIHD ommm WMx n.nwm.wwvmmn
ST NAMYH EEE, 09 ¥
HMMU(Mm —V>_2 HLEWITING 3] HONI
310L STVADYddY Q3141035 ISNAZH 1O SSITHN SIOKVAITOL
KIOJEIOqET SBISAS NEN() STOMOUONY
aausiag panpddy pue SutisamBEugy jo nae g
PUE[PINOMAN JO APSIOANE [ELIOMATY
I Akt aa Hvaa | Ha
AdA4Y EIL) NOILAIZOS4U At
A4OISIH NOISIAZY
- . A
$3904 44 ¥HS ANV Sdang T1v IAOWId L \|j< NIHLS'S &
. /
‘SILON /
! 7
7
]
&) oo -
[0X074
—001 0'0s
oy AR
L/ ﬂ
Y
Y
HE
/,
1Y NIHLY'? ¢ X2
91-1909 WNNIWNTY ITONV Q2 L/E X 7/ L-L X/ 1-L
TVIRIALYW
| ! z B ' v ' ? ‘

330



L Z

. " AUG oS T [ewoTISUL 103 Ppeag [PUSHENPI SHEOMATIOS |
i 1 I I i L I I
|0 l3aHs iz 1vos 8 3us ey
F(
v Z0g-d-0006 0008 ”.hm
A "ON DMIMYIa "ON 123rOowd 0L T IDNYHII0LAVINONY
An JNOD
THADIdAY
[EE=E0e] ETRgE
suocivo | ST NAYEA H
I INNOW dOLOW-dWNd Iva | SIVLINI HONI _VM
S —— N STYAO¥dY Q10345 ISTMAIHIO S53THA STONVATIOL M¥HL 92 - 4NN ZE-0L -
12 paipddy pue SuLisamBugy jo nae g NdHLO¥ Mv X ,
puE[puROLUaN Jo Lyt
W | AMWW/AQ vaa | Ha TV NUHL 99 B X2 lreed —,
AEAQY | Alvo NOLLI3DSHU AdY
AHOISIH NOISIATY
J— i [}
oz ) -
00se
S .,
| J feos)
N 1691 — k /
‘dAL
S 0'GF F
q/° / 1
LFE @ xb— /\ !
H H ! H
: -
- 0008 —= (805) AL
9 o _.. 7T - 0y
N 0Q? 1
9
i
__ NdHL Iw,‘ NHJOXVE
o NAHLEE @ XZ
1 SIOAT JAVHS ANV Sydng JACOWIY "L
RElel
{LrA9PS9) W8/ 1 X2 X.E 38NL 1% 1909
TVIEALYW
1 _ 4 £ ! [4 ! ' 9 ‘ g

331



, AuOSS[TIeuoTpISUT T03 " PRPOIg [PUONEMPI STEOMATIOS |
S N £ N
| I

; 1 ¢ I £ v i L
|0 uzEHs | z: VIS 9 3us —
LS
v £12-4-0006 0008 ”.hm
A "ON DNIMYYa "ON 12ArOwd 0'L T IDNYHIIOLIVINONY
A {INOD
TIAD AV
[EEESELD) ﬂwm.wjmm v
ST NAAYH 0
AD3A d3IN3D STYILINI BALEWITIN ) Ikcoz_ _VM
0L SIVADYddY Q3141035 ISTNAZH 1O SS3THN SIOKVAIIOL
AIOJEI0qET SWASAS UEN(Q) SNONOUOINY
12 paipddy pue & AUz jo Aynae g
PUC[PUNOJMAN JO APSIIANE [BLIOWITY i - ‘9 A
! 001ZQ / TIV NIHL?'? @& XE
| owr | asmwwiaa Hvaa | Ha | -
JERET] 41vg MOILAIFOSHU Er
AHOISIH NOISIATY
$3003 dYWHS ANV SHdN9 TV IA0WIS 7L TV (HHL 06 o X
03]
SAICN K .
L —000LE
- I 00zl -
o7
1
s}
L 008
] m '
log) =
a
PL-1909 WANIWNTY AL¥1d 2L/
TVIHALYW
L ' 4 € T 14 ! S ' ¢ £ 8

332



. _ Z , < , S _ - A oSy ,_s::_t_:_ uT o PrpeTg _.n,:c:E:E SIYOMATIos |
| o a3ams | z H1vDs 8 3us m m\/
b€+
T 4
v -d-000 000¢ olowroM oty aub
A3 "ON DNIMYYa "ON 12ArOwd 0'L T IDNYHII0LIVINONY
an INOD _ A
313y s | saeow
Q