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ABSTRACT 

Described is a computer-controlled hydrostatic 
test facility capable of high pressure, cyclic 
fatigue testing. Harbor Branch Foundation located 
in Ft. Pierce, Florida, has recently completed 
construction of their Deep Ocean Simulation 
Facility for the study of hydrodynamically loaded 
vessels. The facility is·equipped with four 
pressure test chambers with capabilities to 10,000 
fsw. The chambers are interfaced with micro
processors and signal conditioning instrumenta
tion, enabling programmable pressure cycling and 
data acquisition for strain, temperature, 
volumetric displacement or other parameters of 
interest. Included is sufficient information in 
the form of hydraulic and electronic schematics to 
serve as a guide for the development of an 
automated, cyclic pressure test system. The test 
facility, in combination with Harbor Branch 
Foundation's mainframe computer and expertise in 
ocean engineering provides a powerful facility for 
the design and testing of pressure vessels, 
available to the oceanographic community. 

INTRODUCTION 

Since the beginning of modern oceanography, with 
the voyages of H.M.S. CHALLENGER, scientists have 
continued to observe and sample the oceans depths, 
to the limits of technology. Recognized as a 
leader in submersible technology, Harbor Branch 
Foundation (HBF) currently operates two, four
manned deep-diving submersibles (JOHNSO~-SEA-LINK 
I and II) which have certified operational depths 
of 2,640 fsw. The JOHNSON-SEA-LINK employs two 
independent pressure hulls, a two-man pilot/ 
observer sphere constructed of acrylic plastic and 
a welded aluminum diver lock-out compartment 
equipped with viewports. The sphere provides its 
occupants with a near panoramic view of hydrospace 
and is maintained at one atmosphere (1). 

In an effort to remain at the leading edge of 
oceanographic research, the Ocean Engineering 
Division at H~F. in conjunction with Stachiw 
Associates, is currently engaged in the prelim
inary design stages for the development of a 
third submersible. The JOHNSON-SEA-LINK III 

design will incorporate an acrylic plast1c 
pressure hull w1th a design operat1onal depth of 
~.ooo fsw (2). In order to validate the sphere 
design for this unprecidented application of 
acrylic plastic, extensive long-term cyclic 
pressure testing of scale model spheres is 
requ1red, with capabilities to monitor and record 
critical parameters such as temperature, duration 
of hydrostat1c loading and stress magn1tude. 

DISCUSSION 

Given the broad scope of the test requirements for 
the JOHNSON-SEA-LINK III project and the need to 
monitor the process closely, HBF has constructed a 
Deep Ocean Simulation Facility (OOSF). The 
facility is comprised of four pressure test 
chambers, two of which are computer-controlled to 
pressurize and vent automatically, enabling long
term, unattended cyclic pressure testing. In 
addition to automated chamber control functions, 
remote analog inputs from strain gage, temperature 
and pressure sensors are monitored and recorded at 
programmed intervals, stored on disk and printed 
out 1n hard copy form. The two remaining test 
chambers are operated manually, 1ndependent of 
their computer-controlled counterparts. 

The facility is physically separated into two 
sections. The control room is a 165 square feet 
a1r-condit1oned laboratory containing the 
hydraulic control console, all electronic, data 
acquisition and computer equipment {Figure 1), as 
well as a pneumatic work station (Figure 2). The 
chamber containment pit is installed adjacent to 
the control room in an outside, covered work bay 
(Figure 3). High pressure hydraulic lines and 
ducted instrumentation cables connect the console 
and data acquisition electronics throuqh bulkhead 
penetrators in the control room wall. 

PRESSURE CHAMRERS 

The four pressure test chambers operated by H~F 
are 11sted in Table 1. 

Chamber A is an ASM~ code certified pressure 
vessel (Figure 4). The shell and closure forgings 
are fabricated from SA-105 steel and the head from 
SA-516 GR. 70 steel. The shell has four 3/4 inch 
nozzles. The four radial, threaded tubinq 
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connect1ons are for general serv1ce, two of wh1ch 
are used for pressur1z1ng the chamber and adapt1nq 
to a pressure rel1ef valve. The rema1n1ng two 
rad1al connect1ons are typ1cally not used but are 
ava1lable for add1t1onal sensors or hydraul1c 
ports as needed. The head has a s1ngle 3/4 1nch 
threaded tub1ng connector wh1ch 1s used as a 
chamber f1ll and ·dra1n port. The chamber closure 
plug conta1ns an 1ntermed1ate 6 1nch plug and 
bolted reta1n1ng r1ng wh1ch can be conf1gured to 
serve a var1ety of electr1cal or hydraul1c 
pressure boundary penetrat1on requ1rements. The 
closure plug also has two 3/4 1nch threaded tub1ng 
connect1ons ava1lable for use as 1nstrumentat1on 
and/or hydraul1c ports. 

Chamber B 1s fabr1cated from SCH. 160, Type A234, 
10 1nch p1pe (F1gure 4). The bolted closure for 
Chamber B 1s compr1sed of two components, a 2,500 
PSI class weld neck, r1nq-jo1nt flange mated w1th 
a bl1nd flange, each forged from type ~105, Grade 
II carbon steel. The closure 1s secured w1th 
twelve, 2 l/2 1nch d1ameter bolts. A sp1ral wound 
gasket 1s used to effect the pressure seal. The 
shell has one 3/4 1nch p1pe coupl1ng 1nstalled 1n 
the end cap, used for f1ll1ng and dra1n1ng the 
chamber. A second 3/4 1nch coupl1ng 1s 1nstalled 
on the rad1us of the shell for pressur1z1ng the 
chamber. The bl1nd flange has two 3/4 1nch 
threaded tub1ng connect1ons for a pressure rel1ef 
valve and a vent valve. 

Chamber C, s1m1lar 1n construct1on to Chamber B, 
1s fabr1cated from 12 1nch SCH (F1gure 4). AO p1pe 
and a 600 ps1 class weld neck flange. The closure 
1s constructed w1th a p1pe cap welded to a r1ng 
flange. The closure 1s secured w1th twenty l l/4 
1nch d1ameter bolts. 

Double o-r1ngs on the face of the weld neck flange 
const1tute the seal. The nozzle schedule for 
Chamber C prov1des for a 3/4 1nch IPS f1ll and 
dra1n port 1n the end cap and two 3/4 1nch IPS 
ports on the rad1us of the shell are used for 

oressur1z1ng the chamber and prov1d1ng a pressure 
re11ef valve. A removable ? 1nch d1ameter acry11c 
plast1c v1ewport 1s located on the rad1us of the 
chamber. Th1s port 1s also used for a var1ety of 
electr1cal/1nstrumentat1on penetrat1on 
requirements. A single 3/4 1nch IPS f1tt1ng on 
the closure serves as a vent valve port. 

Chamber D 1s a comparat1vely s~all, portable, 
general purpose vessel used pr1mar11y for test1ng 
electr1cal penetrators, transducers and pressure 
sw1tches (F1gure 2). The vessel 1s mach1ned from 
6 1nch SCH. 120, 316L sta1nless steel p1pe. The 
closure is a 2 1/2 1nch th1ck acry11c plast1c 
viewport, re1nforced w1th a sta1nless steel wedge 
r1nq. The v1ewport has a s1ngle rad1al o-r1nq 
seal and 1s secured in the vessel w1th a bayonet 
type retain1ng r1ng. Two 7/16-20 UNF tub1ng 
connectors at the lower rad1us of the chamber 
serve as hydraul1c ports. A 3/4-16 UNF tub1ng 
connector port located at the center of the bottom 
plate 1s used for electr1cal penetrat1ons. The 
v1ewport may be replaced w1th mach1ned metal 
plugs, as needed, to meet spec1al test 
requ1rements. 

r.hambers A and B are currently ded1cated to the 
JOHNSON-SEA-LINK Ill model test wh1ch 1s ant1c1-
pated to cont1nue unt11 late 1986, at wh1ch t1me 
the test chambers w1ll be ava11able for other 
purposes. Currently, Chambers C and D are 
rout1nely ava1lable for general puroose test1ng, 
to support the operat1ng submers1bles needs and 
other project 1nterests. 

CHAMBER CONTAINMENT PIT 

The pressure chamber conta1nment p1t 1s located 
d1rectly outside of the control room (F1gure 5). 
Chambers A, 8 and C res1de 1n a 12' L x 5' W x 
4' 0 precast concrete bunker wh1ch 1s set 
approx1mately 4 feet 1n the ground. The p1t 1s 
constructed of steel re1nforced concrete with 
6 1nch th1ck walls and has a dra1n hole Wh1ch 1s 

TABLE ONE 
PRESSURE VESSEL CAPABILITY 

CHAMBER 
0 

Max. 1.0. of Vessel 24 8.5 11.75 5.5 
( 1nches) 

Inside Length Sealed 60 79 64 5.5 
(inches) 

Operat1ng Pressure (ps 1) 4500 4500 1400 3000 

Pressure Medium Water Water Water Water 

Elect. Penetrators Yes Possible Yes Yes 

Closure Type Breech Ro lted Flange Bolted Flange Bayonet 

Seal type O-r1ng Compression Gasket 0-r1ng O-r1ng 

3 56 



plumbed out to a nearby canal to dispose of 
discharged water. A 5 1/? ft. insulated. concrete 
block wall encompasses the open pit area and is 
covered with four insulated aluminum panels. In 
combination with the insulating construction. an 
air-conditionino un1t is installed. in the block 
wall to provide nominal cooling for temperature 
sensitive test procedures. An elevated work 
platform surrounds the pit area on three sides to 
permit easy access to t~e pressure vessels. An 
overhead. electric. chain hoist. with a capacity 
of 2 1/2 tons. is positioned on a steel I-beam and 
is free to travel along the center line of the pit 
to remove and engage each of the pressure vessel 
closures. The entire work area surrounding the 
containment pit is under-roof with open sides and 
is easily accessible by truck or crane. 

SYSTEM HYDRAULICS 

Chamber A and Chamber B. with their respective 
fluid control components. each comprise a parallel 
leg of a complete hydraulic circuit that is 
pressurized by a central. air driven hydrostatic 
pump (Figure 6). Chamber C and its associated 
components constitute a similar but independent 
hydraulic circuit pressurized by a second air 
driven pump (Figure 6). This arrangement permits 
the use of Chamber C (or D) for general purpose 
testing while Chamber A and/or Chamber B is 
engaged in long-term. automatic cyclic tests. 

Three-way solenoid valves (Ll-L6) provide the 
fundamental control parameters. enabling manual or 
computer controlled pressure testing. All hydrau
lic functions may be directed from the control 
console by engaging switches (Sl-S6) to select the 
desired valve operation (Figure 7). Solenoid 
valves associated with Chambers A and B (Ll. 
L3-l5) may also be addressed with binary input 
signals from the computer work station for 
automated test procedures. 

The pumps develop high output pressure by applying 
the principal of differential areas. The pump has 
a large area piston. air-driven at low pressures. 
The air piston drives a small area liquid piston 
that in turn pumps liquid at high pressure. The 
liquid output pressure is determined by the piston 
ratio and the inlet air pressure. An air control 
unit (F-R-Ll on each pump. filters out moisture. 
regulates inlet pressure and lubricates the pump 
air supply. Regulation.of the inlet air supply 
permits infinitely adjustable output pressures 
throughout the pumps pressure range. Only 100 psi 
air pressure is required to obtain a maximum 
output pressure of 10.000 psi. 

The inlet water supply to each pump and pressure 
chamber is filtered to inhibit particulate contam
ination of the high pressure valve seats. A 100 
micron sediment filter is installed on the main 
water line to the control room and chamber 
containment pit. An additional 10 micron filter 
element is used at the inlet water line to each 
pump. Past experience has proven this 
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preventative maintenance item to he invaluable. as 
an oversight in this regard. resulted in premature 
failure of several valves during the early stages 
of t~e facilities' development. 

Due to the inherent nature of the piston pumps. 
pulsatile flow (water hammer) is a serious 
consideration with regard to the more sensitive 
components of the hydraulic circuits. Pressure 
snubbers are incorporated in association with all 
pressure sensing devices such as analog gages and 
pressure transducers to protect qage movements and 
transducer diaphrams. 

Each pressure chamber is equipped with an 
adjustable pressure relief valve attached directly 
to the chamber wa 11 • In add 1t ion to a so 1 eno id 
actuated vent valve for each chamber at the 
control console. a manual vent valve for purging 
entrained air. is located at the top of each 
vessels' closure. 

The normally closed (vent) port of each charge/ 
vent solenoid valve is equipped with a variable 
flow valve which can be adjusted to achieve 
desired discharge flow rates during 
depressurization. 

SYSTE~ ELECTRONICS 

All of the solenoid valves. switches. relays. 
power distribution terminals and pressure trans
ducers are located in the hydraulic control 
console (Figure 8). Cable harnesses connect the 
console to the chain hoist. data acquisition 
instrumentation and binary input module. A 115 
VAC buss distributes power to the chain hoist. 
solenoid valves. solid state relays and an 
internal 12 VDC power supply (Figure 7). 

Switches S1-S6 are used to select desired 
hydraulic functions manually. ln their normally 
open position. relays Kl-K6 energize the "OFF 
STATE• (OFF/CHARGE) indicators through normally 
closed contacts. When a selected switch is 
closed. the relay coil is energized and the 
contact opens. extinguishing the •oFF STATE• 
indicator. while power is applied to the •oN 
STATE" (ON/VENT) indicator. Concurrently. the 12 
VDC signal is applied to the input of the 
associated solid state relay w~ich energizes the 
coil of the solenoid valve. The solid state relay 
is a hot-line switching device that utilizes an 
optically isolated triac driver to control the 
A.C. load with a low level D.C. signal. 

When operating in the computer-controlled mode. a 
12 VOC signal from the binary input module 
emulates the manual switch function to energize 
the valve solenoid at programmed intervals. 

Transient suppression diodes are used to prevent 
voltage spikes originating at the relay coils and 
switch contacts from disrupting the binary input 
signals or triggering the solid state relays. 



TNSTRII~FNTATJO~ 

The cr1t1cal tP.st parameters of 1nterest 1n the 
JOHNSON-~E~-LIN~ Ill project are pressure, temper
ature and magn1tude of stra1n. The system 1s 
presently ded1cated to these spec1f1c var1ables, 
however, capab111t1es to mon1tor other parameters 
of 1nterest for future projects, are 1nherent to 
the overall system des1gn. 

Three pressure transducers, located 1n the control 
console, are used to mon1tor pressure levels at 
the pump output, Chamber A and Chamber B. The 
chamber transducers send 1nformat1on to the data 
acqu1s1t1on system for feedback control and 
record1ng purposes (F1gure 9). 

Each of the 15 1nch model spheres 1s instrumented 
w1th f1ve, two-element 90" "Tee• stacked rosette 
stra1n gages for record1ng hoop and mer1d1onal 
stra1n concentrations. 

A total of 22 channels of stra1n and temperature 
1nformat1on 1s provided to the data acqu1s1t1on 
system with a twenty-four channel strain gage 
conditioner and ampl1f1er system. In conjunction 
with the strain gages, each 15 inch model 1s 
equ1pped with a resistance-temperature-detector 
(RTD). The temperature sensors are constructed 
much like w1de-temperature-range strain gages. 
Standard strain gage 1nstrumentation 1s ideal for 
use w1th these ~TO's. Dig1tal displays in the 
strain gage instrument rack are also used to 
mon1tor temperature data. 

The 15 inch models are also provided.with water 
intrusion alarms. In the event excessive moisture 
should collect on the interior of a model, a 
normally open, waterproof switch is closed by an 
expandable cartridge which in turn triggers a 
visual indicator in the control room. 

DATA ACQUISITION AND CONTROL SYSTE~ 

The system, in general, consists of a personal 
computer with dual disk dr1ves and a color 
graph1cs monitor. The computer terminal is 1nter
faced w1th a multi-function data acquisition and 
control work stat1on and a printer capable of high 
qua l1ty text and graph 1cs. A 11 devices essent ia 1 
to data storage and retr1eval are powered by an 
uninterruptable power supply (UPS) so data is not 
lost in the event of a power outage (Figure Q). 

The software for system automation and data 
collect1on is programmed 1n integer qas1c language 
(F1gure 10). The flow chart is used to illustrate 
the software, wh1ch conta1ns approximately 800 
l1nes of code and 1s not w1th1n the scope of th1s 
text. The program for the JOHNSON-~EA-LINK III 
project 1s structured to charge and vent Chambers 
A and ~ in a cyclic, alternat1ng fashion, with 
spec1f1c pressurized and relaxation periods. The 
menu driven program contains subroutines that 
accept user supplied input values to select vari
able pressurizat1on and de-pressurization rates 
for each chamber. Threshold values are set for 
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pressure and elapsed t1me and are used to 1etect a 
sudden pressure drop, as would be the case if one 
of the model spheres were to 1mplode. A "low 
pressure• output routine disables the chamber in 
quest1on and a •crash" message is reported on the 
printer, 1ndicating date and t1me of the event. 

Pressure, temperature and stra1n data is sampled 
and recorded during each cycle at preset 
intervals. Pressure is recorded once per minute 
during transition periods and once every twenty 
minutes during steady state per1ods. Strain and 
temperature 1s recorded at the beginning and end 
of each steady-state per1od. The transition 
period const1tutes the charge and vent rate (500 
psi/min) and the steady-state periods are four 
hours each. All recorded information is printed 
to d1sk and the printer simultaneously. 

The data acau1sition and control dev1ce contains 
~2 analog 1nput channels, 4 analog outputs and 16 
binary 1nput/output ports. Remote input 
capabilities include thermocouples, RTn's, strain 
gages and a wide range of instruments. The device 
is also equipped with expansion slots for addi
tional 1/0 modules and has the ability to handle 
over 500 channels. 

CONCLUSION 

The creation of the DOSF has proven to be a 
facility vital to ocean engineer1ng research. The 
results of the JOHNSON-SEA-LINK I II test program 
will provide both information as to the 
feas1bility of an all acrylic hull with such an 
unprecidented depth capability, and also serve to 
make a signif1cant contribution to the literature 
and this techno logy, by determining the lim1ts of 
acrylic as an oceanographic material. As 
opportunities hecome available, the test facility 
will support and expedite the development of other 
innovative, pressure sensitive designs and 
materials for subsea applications. 
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