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REMOTELY OPERATED TOOLS FOR UNDERSEA VEHICLES 

R. C. Toetze, Associate Mec:hanical EngirMer and A. M. ct.k, Principal Mechanical Engineer 
Harbor Branch Foundation, Inc. 

Fort Pierce, Florida 

ABSTRACT 

Described are a variety of tools developed by 
Harbor Branch Foundation for the purpose of 
measurement. observation. and sampling from an 
undersea vehicle. Among the hydro-mechanical devices 
described are a seven function mani~lator arm. a 12-
24 bin rotating sampler. an 8 chamber collector 
designed for ·capturing extremely del ica~e organi _sms 
drifting in the water column. a rotattng cortng 
device. a pneumatically actuated tow-release 
mechanism. and the hydraulic proportional control 
manifold and pump which are the heart of the sys_tem. 
Also described are a number of electro-mechantcal 
·devices including a laser aiming system for underwater 
photography. an electro-shocker which drives burrowing 
creatures out of hiding. and a laser-diode powered 
transmissometer. All of the systems are used on the 
JOHNSON-SEA-LINK classed submersibles. 

INTRODUCTION 

The JOHNSON-SEA-LINK (JSL) I and II are highly 
specialized. four man lock-out subm7rsibles. designed 
and used exclusively for oceanographtc research. The 
submE!rs i bles' d'esign is inherently suited for 
qualitative observation. T~e pilot an~ an obser~er 
are situated in a sphertcal. acryltc hull whtch 
provides near panoramic visibility: Two ad~itional 
diver/observers occupy a cylindrtcal alumt~um hull 
just aft of the acrylic sphere. Here t~ere t .s much 
less visibility. afforded only by two 8 tn. dtameter 
acrylic viewports. These passengers. ~owever~ c~n 
enter and exit the submersible during a mtssion wtthtn 
the safe working limits of lock-out diving. 

Much of the research pursued by Harbor ·Branch 
Foundation (HBF) is conducted much deeper than the 
depths at which divers can lock-out. This. and the 
obvious benefits in minimizing the risky business of 
subjecting researchers to lock-out diving. has 
motivated HBF engineers to develop an inventory of 
submersible-based research tools which are operated 
from within the one-atmosphere hull. 
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The JSL-classed submersibles are called upon to 
perform a diversity of tasks. in research which ranges 
from botany to geology. from high-energy physics to 
submarine archeology. Each submers i ble is outfitted 
according to its mission. While the two submersibles · 
are essentially identical. their outward appearance 
may differ radically when configured for different 
tasks. All the equipment is easily removed and 
interchangeable between the submersibles. A number of 
HBF devices have been mounted onboard other research 
submersi bles. as well. 

Much of the sampling equipment is designed 
specifically for mid-water and pelagic research. Here 
the submersible is trimmed such that it is neutrally 
buoyant and moves with the surrounding water column. 
Equipment designed for capturing organisms in this 
mode is based on the maneuverability and visibility of 
the submersible itself. In some instances. the 
submersible is actually positioned such that a 
container attached to the submersible literally 
surrounds and captures the prey. 

A number of other devices have been designed for 
working at the sea floor or in close proximity to 
submarine walrs. These devices are typically based on . 
or around the manipulator arm. The manipulator arm 
itself represents a powerful sampling tool. designed 
specifically for the JSL submersibles. 

HYDRO-MECHANICAL DEVICES 

HYDRAULIC POWER SUPPLY 

The hardware depicted in Figure 1 provides the 
power and control for all the submersibles' hydro
mechanical tools. The valve manifold provides 16 
separate functions. each at a maximum pressure of 
1.000 psi at 2.5 gpm. Proportional control i s 
accomplished by means of a four-way on/ off- valve and 
a servo valve. t nternal to the manifold. Hydraulic 
fluid from the pump. filter and reservoir are supplied 
through the four-way valve. Excess flow is then 
vented through the servo valve back to the reservoir. 
thereby dropping the pressure and flow to all 16 
function ports. This provides the operator with 
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infinitely variable control in terms of speed and 
force over the range of the hydro-mechanical tools. 
This proportional control adjustment is located on the 
operating console of the devices. The high pressure 
hydraulic filter was designed specifically for this 
system. It removes both particulate matter and 
emulsified water, operating at an internal 
differential pressure of 25 psi, and an external 
pressure of 3,000 fsw. The pressure compensation 
bladder also serves as the system's reservoir, as well 
as an effective heat exchanger. 

RELIEF VALVE 

FIGURE 1. Hydraulic Power Supply and Proportional 
Control System 

MANIPULATOR ARM 

Both JSL-classed submerstbles are equipped with 
HBF built manipulator arms. While these can be 
readily removed, their design is such that they stow 
away neatly when not in use. Figure 2 depicts the 
arm, and its seven primary functions. Auxiliary 
functions are provided at the wrist for various other 
hydraulically powered attachments. 

FIGURE 2. Seven Function Manipulator and 12/24 BIN 
SAMPLER 
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Some of the arm's specifications are: 

1) Maximum reach: 
2) Weight of manipulator in air: 
3) Maximum lift at full extension: 
4) Maximum lift at 1/2 extension: 
5) Shoulder horizontal rotation: 

105 in. 
1go lb. 
170 lb. 
300 lb. 
270° 

The arm enables occupants of the acrylic sphere to 
pick up objects lying on the sea floor at a radius of 
go inches, and bring them to within inches of the 
sphere for closer inspection. This long reach is 
imperative in conducting research where specimens must 
be examined without disturbing their immediate 
surroundings. The proportional control described in 
the previous section enables the arm's operator to 
grasp delicate marine organisms without causing them 
damage. 

The arm's construction is of box sections, formed 
of 6061-T6 aluminum and welded along the principle 
neut ra 1 axis of each member. A HE LAC rotary actuator 
provides the arm 270° rotation, and an OHIO OSCILATOR 
hydraulic motor facilitates the wrist's 360° rotation. 
Standard commercial hydraulic cylinders {ALLENAIR), 
are employed in the other five main functions. The 
illustration in Figure 2 depicts the "clam shell" or 
Peterson-type grab attached to the arm. This grab is 
hydraulically opened and closed enabling a researcher 
to collect samples of sediment, rubble or benthic 
organisms, and deposit them in the funnel of the 12/24 
BIN SAMPLER (also pictured in Figure 2). The clam 
shell is one of a number of devices which can be 
attached to the manipulator's auxiliary function 
ports. 

12/24 BIN SAMPLER 

The 12/24 BIN SAMPLER (Figures 2 and 4) is a 
1 arge, kidney-shaped tray mounted forward and bel ow 
the acrylic sphere. Basically, the device indexes and 
stores discrete samples in sets of up to 24 (7 in. 
diameter x 10 in.) bins or 12 (10 in. diameter x 10 
in.) bins. The bins are acrylic buckets which are 
conveyed to the sampling location by way of a titanium 
chain. When collecting large, solid specimens, as 
with the clam shell grab, a numbered bin is indexed 
beneath the aluminum funnel into which the specimen is 
d rapped. The system can also be used to collect and 
index macro- or micro-scopic, and even liquid samples. 
A suction plenum is mounted at the top of the tray, 
just behind the funnel. Samples are sucked in by 
means of a hydraulically driven "slurp" pump, through 
a large (2 in., 3 in. or 4 in. diameter) flexible hose 
fixed to the manipulator. The specimen is drawn into 
the bin positioned beneath the suction plenum. The 
titanium chain is driven and indexed by a commercial, 
double acting hydraulic piston mounted beneath the 
tray. 

EIGHT-CHAMBER COLLECTOR 

The EIGHT-CHAMBER COLLECTOR is a mid-water 
gathering device. It comprises 8 in. diameter x 12 
in. clear acrylic cylinders which are open at the top 
and bottom (Figure 3). · When the submersible has been 
positioned such that a specimen is within one of the 
chambers, the top and bottilm 1 ids are hydraul fcally 
slid into place, thus capturing the specimen. The 
lids glide across face-type o-ring installations which 
affect the seal. This method of closing off the 
chamber was found to produce the least amount of 
turbulence within the chamber. This tool was 



FIGURE 3. One Chamber of the EIGHT-CHAMBER COLLECTOR 

specifically developed for capturing extremely 
delicate marine organisms which are easily damaged by 
slight disturbances in the surrounding water. Two 
BURNS & SAWYER SNOOPERETTE lights are mounted on a 
TOL-0-HATIC cable cylinder beneath the eight chambers. 
These lights can be positioned along a track under any 
chamber. This provides the operator with added 
visibility to guide the specimen into the collector, 
and then verify that it was indeed caught. The EIGHT
CHAMBER COLLECTOR is typically mounted forward of the 
12/24 BIN SAMPLER as shown in Figure 4. 

FIGURE 4. Front View of JOHNSON-SEA-LINK Submersible 
and Equipment 
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ROTARY CORING DEVICE 

The ROTARY CORING DEVICE (Figure 5) is a 
geological sampling tool, designed to obtain 1 3/4 in. 
diameter x 6 in. cores from coral or soft rock. The 
device mounts to the manipulator's wrist, and is 
connected to the arm's auxiliary hydraulic functions. 
The diamond bit is rotated by a positive displacement 
hydraulic motor·. Also roated by the same shaft is a 
high volume, low pressure pump impeller. This 
impeller moves sufficient sea water within the bit to 
flush the core while cutting. After the core has been 
cut, the shaft continues to rotate, providing enough 
suction to allow the bit to retain the core. Once the 
manipulator is positioned over the 12/24 BIN SAMPLER 
funnel, rotation is stopped, dropping the core from 
the bit. 
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FIGURE 5. ROTARY CORING DEVICE 

TOW HOOK 

The TOW HOOK (Figure 6) is not specifically a 
research tool. It is, however, vital in delivering 
the submersible and its research tools to the sampling 
site. While the TOW HOOK's operation is essentially 
the same as the other hydro-mechanical devices, it 
differs in that it is actuated with compressed air. 

In the launch and recovery operation of ~hese 
submersibles, a tow line is attached to the equipment . 
bar, mounted ahead of the upper portion of the acrylic 
sphere (Figure 4). The TOW HOOK and the pneumatically 
actuated lift line release (DROP LOCK) eliminate the 
need, common to most other submersibles, of divers or 
other boats in the water during launch (1). Once free 
of the main lift line, the submersible can be towed to 
the precise LORAN coordinates of the intended dive 
site, at which time the submersible pilot releases the 
tow line. A pneumatic valve inside the acrylic sphere 
supplies the TOW HOOK with 2,100 psi of compressed air 
from the submersible's gas bank. The TOW HOOK has a 
spring return, which automatically resets the device 
for the next recovery. -

The body of the TOW HOOK is mac hi ned from 6061-T6 
aluminum which is electroplated with a NYTUFF finish. 
The device is actuated by a custom-built air cylinder, 
3/8 in. bore x 5/8 in. stroke. The TOW HOOK is 
clamped around the tow bar over a plastic bushing. 
The bushing enables the hook to pivot on the bar, 
aligning itself with the angle of the tow line. 



FIGURE 6. TOW HOOK 

ELECTRO-MECHANICAL DEVICES 

LASER AIMING SYSTEM 

The LASER AIMING SYSTEM shown in Figure 7 was 
designed to improve the ratio of still photographs 
taken from the submersibles versus those Which are in 
focus (2). Since these cameras are housed in pressure 
vessels mounted outside the submersible. images cannot 
be brought into focus by si~ply viewing through the 
lens and adjusting. as is done with standard land
based cameras. Instead. two inexpensive 2 milliWatt 
helium-neon lasers. in pressure housings. are mounted 
above a 35 mm camera such that their beams cross at 
the mid-point of the camera's depth of field. This 
array is mounted to a hydraulically actuated tilt 
•echani sm ahead of the acrylic sphere which aids in 
positioning the subject. The red (633 nm wavelength) 
laser beam diverges to a diameter of approximately 
1/8 in. in 10 feet. 

In operation. the submersible and the LASER AIMING 
SYSTEM are maneuvered such that the two dots converge 
at the subject. The camera/ strobe system is then 
triggered. and the researcher is assured the 
photograph is in focus. An 80 mm focal-length 
telephoto lens mounted on the camera enables photos to 
be taken in this manner from distances in excess of 6 
ft. In reasonably clear water. the laser b~ams are 
visible at this distance. thereby allowing animals to 
be photographed without the submersible encroaching on 
their territory. 

~ASEII AIM- SYSTEM 
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FIGURE 7. LASER AIMING SYSTEM 
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ELECTRO-SAMPLER 

The ELECTRO-SAMPLER (3). schematically depicted in 
Figure 8. was designed to electrically tease larval 
lampreys out of their burrows. then stun them with a 
more severe electric shock and capture the immobilized 
creatures with a suction pump. 

---·········· · ·-· ·.'! _ .... -· 

FIGURE 8. ELECTRO-SAMPLER 

The two electrodes between which volta-ge is 
impressed are mounted at the wrist of the manipulator. 
Between the two electrodes is an insulating baffle 
which prohibits flow of charge directly between the 
two ··electrodes. Rather. the current is "shaped" in 
the manner illustrated in Figure 8. Thus. as the 
electrodes are swept within inches of the sea floor. 
penetration of current into the sediment is increased. 

The system offers a wide range of control for 
voltage and current. These levels are determined 
experimentally and depend on the type and size of the 
organism being collected. and whether they are being 
enticed into the open or actually immobilized. 
Maximum operating levels of the electrodes are 160 VDC 
peak voltage at 2 amps. The electronics which power 
the system are mounted remotely. in a separate 
pressure housing. The suction hose from the ELECTRO
SAMPLER can be attached to the 12/24 BIN SAMPLER. or 
various other collection devices. 

TRANSMISSOMETER/FORWARD SCATTERANCE SYSTEM 

Historically. water turbidity has been 
characterized by a variety of methods. Perhaps the 
simplest means for determining turbidity is the Secchi 
Disk. A white disk of a standardized size is merely 
lowered through the water column until it disappears 
from sight. This provides only a qualitative 
assessment of water clarity. and does not lend itself 
to use from a submersible. The TRANS/FORSCAT SYSTEM 
(4) represents an effort to quantify turbidity 
measurements. as well as to differentiate and identify 
particle suspension characteristics and in some 
instances particle size. A photograph of the system 
is provided in Figure 9. and a schematic 
representation of its operation is shown in Figure 10. 



The system is divided into three mechanical sub
systems; the "Optical Bench", the Transmissometer 
Assembly and the Receiver Assembly. All of the 
electronics except the Laser Diode Assembly is 
contained within the Receiver. The optical assemblies 
are rigidly bolted to a framework (Optical Bench) 
which controls the optical pathlength and maintains 
the optical components in precise alignment. The 
modular construction enables lengthening the Optical 
Bench to at least three feet. 

The principle of operation is based on a low power 
Laser Diode as the light source, a collimating lens, 
and a system of two receivers. A lens mounted just 
ahead of the Laser Diode collimates the light emitted 
from that source, creating a pencil-like beam of 
approximately .050 in. diameter. At the other end of 
this beam, in the receiver housing, is the direct-beam 
detector. As the name implies, this device detects 
the optical power reaching it through the water 
column. Any particulate matter between this detector 
and the 1 ight source will incur a reading of 
transmission loss. A second device, the forward 
scatter beam detector, is a ring-like device, mounted 
annularly around the direct beam detector~ Light 
striking the particles within the optical bench is 
both absorbed and scattered. That percentage of the 
scattered light which reaches this ring-like detector 
is measured as scatterance. By integrating both 
transmittance and scatterance characteristics of the 
water column, this device provides an output which can 
be compared to empirically derived~s~andards. A 

FIGURE 9. TRANS/FORSCAT SYSTEM 
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considerable amount of information can be interpreted 
from these readings. For instance, biological matter, 
such as algae, produces distinctly different 
transmittance readings than say, suspended sediment. 
A digital display within the acrylic sphere reads out 
from the device in units of absolute transmittance. 

FIGURE 10. TRANS/FORSCAT OPERATION 
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