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DESIGN AND CONSTRUCTION OF AN ALUMINUM A-FRAME FOR 
SUBMERSIBLE LAUNCH AND RECOVERY 

A. M. Clark, Principal Mechanical Engineer 
Harbor Branch Foundation, Inc. 

Fort Pierce, Florida 

ABSTRACT 

The design, analysis and construction of an 
advanced system for submersible launch and recovery is 
described. The system comprises an A-Frame, cylinder 
bases and a motion-compensating pendant suspended from 
the A-Frame crossbar, all of light-weight aluminum 
construction. The development an~ results of 
extensive Finite Element Method (FEM} modeling using 
2-D and 3-D isoparametric elements to depict the 
structure and design loads are presented. Structural 
methods employed to obtain a realization of 50% 
savings in weight over a comparable steel weldment, 
~hile maintaining the required system stiffness and 
strength, are discussed. A program devised to 
·increase the ABS Rated Capacity of the system from 18 
tons, arrived at using analytical methods, to 27 tons, 
based on empirical data, is described. Innovations in 
construction and machining techniques which enabled 
the massive structure to be built and installed with a 
limited fabrication facility are described. 

INTRODUCTION 

Harbor Branch Foundation, Inc. (HBF), has recently 
installed a submersible handling system which 
represents the state-of-the-art onboard the R/V SEWARD 
JOHNSON. Design and construction of the system was a 
collaborative effort between the HBF Ocean Engineering 
Division and Caley Hydraulics of Glasgow, Scotland. 
The R/V SEWARD JOHNSON is a support ship capable of 
operating with the two JOHNSON-SEA-LINK (JSL) classed 
submersibles. The 176 ft. ship required a submersible 
handling system which was light-weight, and which 
would require minimum manpower to operate and 
maintain. Moreover, it was required that the handling 
system provide a safe operations window for launch and 
recovery of the submersibles through sea-state 5. 

A survey of commercially availabl~ systems 
indicated that an A-Frame system developed by Caley 
Hydraulics, primarily for hostile North Sea 
operations, came closest to meeting the requirements. 
The system provides passive damping cylinders to limit 
the submersible's pendul at ion in both pitch and roll. 
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The low-inertia winch, mounted at the A-Frame cross 
beam, has a wave following, constant tension mode 
which facilitates a controlled and sympathetic lift
out. 

FORE&AFT 
PASSIVELY CONTROLLED 

AT ION 

Figure 1. Caley PateRted System 

The hydraulic system and its operation (Figure 1) 
have been described more thoroughly elsewhere (1}. 
Having been designed for sizeable North Sea vessels, 
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the Caley systems built to date are of steel 
construction, and accordingly heavy. In order to meet 
the light-weight/low maintenance requirements, HBF and 
Caley Hydraulics agreed to embark on a joint venture: 
Caley Hydraulics would supply the entire hydraulic 
control system including the lift winch-pendant, and 
HBF, with years of aluminum fabrication expertise, 
would design and build the actual A-Frame structure 
and cylinder support bases. The focus of this paper 
is on the design, fabrication, and installation of the 
HBF-built alUminum A-Frame. 

DESIGN 

The 3,000 fsw design depth JSL-classed 
submersibles weigh only 12 tons each, however, HBF is 
currently rlesigning an 8,000 fsw, 18 ton submersible. 
Hence, the handling system was designed for 
substantially more load than that for which it is 
currently used. In fact, the system was actually 
designed with the capability to launch and recover the 
U.S. Navy's DSV submersibles. While the handling 
system is capable of handling the 27 ton DSVs, its ABS 
Rated Capacity is currently only 18 tons. Based on 
American Bureau of Shipping (ABS) design rules (2) 
this is the maximum rated capacity which can be 
verified using strictly numerical analysis. 

Design of the handling system was concurrent with 
the design _of the ship itself. This enabled HBF to 
supply the ship's designers with anticipated deck 
reactions and moments in order that app~opriate 
fortification for the handling system foundation be 
incorporated into the ship's structure. In addition 
to strength and stiffening members which tie the load 
carrying areas of the deck into the hull, 1 1/2 inch 
thick steel plates were inserted at these locations in 
the ship's deck during its construction. These plates 
served a number of purposes: 

1) to st~engthen the load-carrying area of the deck, 

2) to minimize distortion from welding the base stools 
to the deck, and 

3) to eliminate exacting fit up during installation . 

The insert plates were welded into the deck oriented 
approximately level both to each other, and 
longitudinally. This eliminated the deck camber and 
rake in so far as they concern the handling system, 
thereby eliminating the need to scribe and cut the 
stools to fit the contour of the deck. 

Design of an aluminum weldment capable of 
withstanding loads of such magnitude, compounded by 
sea state-induced inertial loading, presented a 
formidable undertaking. Particularly since this was 
the first such structure of these proportions to be 
constructed of aluminum. While the 5000 series 
aluminum alloy plate used in the construction of the 
handling system is about one third the weight of 
steel, its modulus of elasticity is also a third that 
of steel. The "as welded" yield strength of the 
alloys used was little more than half that of 
structural steel. Hence, design of much of the 
structure was dictated ' more by stiffness than by 
strength considerations. 

DESIGN LOADS 

Design loads were determined by two methods. 
First by calculating the inertial forces due to the 
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acceleration incurred by the anticipated roll, pitch 
and heave of the vessel. 

Secondly, values for design loads were determined 
by applying the dynamic load safety factors set forth 
by ABS (2). A comparison of these results reveals 
that the latter method is quite conservative. So much 
so, that according to the former method, which takes 
into account the actual physics involved - the 
structure which can handle a 27 ton submersible at 
stress levels below the ABS allowable, is capable only 
of obtaining a rated capacity of 18 tons by the 
dynamic load safety factor method. In an effort to be 
conservative, and to ensure ABS classification .of the 
system, design loads were determined using the safety 
factor method based on a submersible weight of 18 
tons. Following this method, the structure is 
subjected to the mass of the submersible and its 
entrained water mass at 1g acceleration in both the 
longitudinal and transverse directions, and at 2g 
acceleration in the vertical (heave) direction. 
Figure 2 depicts a schematic of the system in profile. 
In addition to the submersible's weight and its 
dynamic effects, the A-Frame structure must also carry 
the load of the pendant assembly, itself weighing in 
excess of 15 tons. 

\ TRUNION 
\ PLATE 

Figure 2. Schematic of Handling System in Profile 

FEM ANALYSIS 

In order to simulate loading of the structure in 
various attitudes, and optimize the strength/weight 
and stiffness/strength ratios, an extensive Finite 
Element Method (FEM) analysis was performed. The 
SUPERSAP version of the FEM Code SAP IV was employed, 
accessed through the pre- and post-processing package 

· ALGOR. The analysis was carried out in several steps, 
requiring a number of separate models. 

First, a basic "stick figure" of the A-Frame 
structure was created from 3-D Beam Elements. 
Boundary conditions were such that the base of each 
leg was constrained from translation along all three 
coordinate axises, but free to rotate about the 
transverse (x) axis. The nodes representing the main 
cylinder connections were completely restrained. 
Thus, the reactions at these nodes resulting from 
design loads applied to the structure in its various 
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Figure 3. Lower Leg Section of Refined FEM Mesh 

positions, represented the forces at the main cylinder 
pins. These forces were then carried over to the 
appropriate models of the base structures and input as 
design loads, as were the reactions from the bases of 
the A-Frame legs. The section moduli required for the 
A-Frame legs and cross beam were verified through this 
model. 

A more refined model of the A-Frame was created 
using 3-0 isoparametric brick-type elements. A 
section of this mesh is shown in Figure 3. This model 
was based on the section modulus information derived 
from the simple beam . model. This refined model 
allowed close evalu~tion of the placement of 
particular stiffening members such as bulkheads. In 
order to eliminate a gross discontinuity at the leg 
section just above the cylinder attachment (Figure 2), 
a point where there is an obvious shear reversal, 
heavy tapered plates were added internal to the box 
section. The base of these plates are of similar 
proportion to the cylinder clevices themselves. The 
plates taper down as they extend up the leg, thereby 
decreasing the structure's section modulus in a 
gradual fashion through a potential stress riser. 
This 3-0 isoparametric model lent itself to refining 
such design enhancements. 

Figure 4 depicts the mesh created to model the 
trunion plate of the A-Frame cylinder base (see also 
Figure 2). Again, the reactions at the base of the A
Frame leg from the simple beam model were applied to 
this mesh. The A-Frame reactions were applied to a 
projected area on the trunion bearing surface equal to 
half the diameter of the pin. The load was applied in 
the appropriate orientation for each case (inboard, 
outboard, vertical, etc.). This severe projected area 
concentration is typical of the conservative approach 
taken throughout the design. Figure 5 is an actual 
stress contour output for the trunion plate model. In 
order to maintain shear loads well below ABS allowable 
1 imits as well as withstand the severe roll induced 
side loading, the high load carrying portion of these 
plates was increased to 5 inch cross section. 

227 

Figure 4. FEM Mesh of Cylinder Base Trunion Plate 
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Figure 5. FEM Stress Contour Plot 

CONSTRUCTION 

Z·RXIS 

Arriving at the optimum structural design required 
a considerable engineering effort, but HBF is well 
equipped for such an undertaking. However, the 
fabrication facility at HBF was not geared up for 
construction of this scale. A certain amount of 
ingenuity was required in order to accomplish this 
task with the limited resources available. 

CUTTING AND FIT-UP 

The 20+ tons of plate used in the structure was 
cut by hand. Much of this was 2 l/2 inch thick plate. 
The shapes were scribed on the plate, then sawed with 
an air driven 8 inch circular hand saw. This required 
the complex shapes cut from a plate to be arranged in 
a manner which both minimized waste and also 
facilitated wielding the saw between parts. The 
fabrication facility at HBF is not ~quipped with an 
overhead crane. Therefore, the massive structure was 
built in sub-assemblies which could be handled with 
fork trucks or "cherry picker" type portable cranes. 
The A-Frame is comprised of five such sub-assemblies: 
the two lower leg sections, two upper leg s·ections, 



and the cross beam. Figure 6 shows an upper leg sub
assembly during fabrication. The number of stiffening 
bulkheads di splayed in this photograph is typical of 
the entire structure. Most of the bulkheads were 
strategic~lly placed in locations determined by the 
design process to provide the required stiffness. 
However, in each sub-assembly, additional bulkheads 
were inserted in order to provide back-ups for the 
closure ~ates. Closure plates were joined at each 
end by butt welds, tied into these bulkheads. Beveled 
slots were mathined in the closure plates at locat i ons 
coincident with the intermediate bulkheads. This 
enabled slot welds to join each bulkhead to the 
closure plate. 

Figure 6. A-Frame Upper Leg Subassembly 

WELDING 

The A-Frame and bases were welded using the GMAW 
process. The sub-assemblies' manageable size enabled 
them to be positioned such that most welding could be 
done in the flat or horizontal positions. This 
minimized the number of less desirable and more 
difficult overhead or vertical welds. However, many 
of the novel design features which enhanced the 
strength and stiffness characteristics of the 
structure also proved to create some less than optimum 
situations for the welders. 

Areas, such as the heel pin boss shown in Figure 
7, where many stiffening and strength members were 
required in close proximity to each other, presented 
difficult welding conditions. In these si tuations, 
"COBRAMATIC MK-34" welding torches proved 
indispensible. In addition to the standard "pushing" 
rollers which feed the electrode wire from the spool, 
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Figure 7. A-Frame Heel Pin Boss Stiffeners 

this GMAW system also incorporates a synchronized set 
of "pulling" rollers in the torch itself. This 
provided a high degree of dexterity with the to rch and 
30ft. lead cable. 

Unfortunately, these machines were limited to use 
with electrode wire only up to 1/16 inch diameter. 
While this was adequate for most of the A-Frame 
structure, which is constructed almost entirely of 1 
inch plate, certain portions of the A-Frame, and much 
of the cylinder bases required welding of 2 1/2 inch 
and 2 inch thick plate. Pre-construction weld tests 
had determined that in order to obtain full 
penetration of this heavier plate, 3/32 inch diameter 
electrode wire was required. These heavy sections 
were joi ned using a standard push-type GMAW machine, 
and 3/32 inch ER5356 electrode wire. 

Pre-construction testing was vital in pre
determining weld-induced distortion, and indicating 
methods for its control. Full scale samples of 
critical portions of the weldment were beveled, fit-up 
and welded. Distortion, shrinkage and deflection was 
monitored on these samples to determine the amount of 
correction required in the fit-up of the actual 
structure. Post weld heat treatment of the structure 
was impossible, hence any corrective heating and 
adjusting of the structure after welding could not be 
performed. At no time were the sub-assemblies allowed 
to reach temperatures in excess of 160°F. This 
generally required only one welder per sub-assembly, 
and :that he frequently move from one portion of the 



weldment to another. This created numerous "starts" 
and "stops" in the weld bead, all of which were air 
chiseled down to good metal. 

ASSEMBLY 

The A-Frame's five sub-assemblies were fit 
together on a platen constructed of parallel steel I
Beams. Critical dimensions were determined by use of 
a transit and "piano wire" methods. The joints of the 
sub-assemblies interlock in a staggered manner. The 
four sides of each box section are different lengths, 
thereby eliminating a continguous seam around the leg 
at these crucial areas. Bulkheads internal to the leg 
were located such that each side plate, including the 
closure plate, forms a butt joint on a bulkhead. 

Three side_s of each box section joint were welded 
with the A-Frame in this position. The critical 
nature of these assembly welds neccesitated that as 
much of this welding as possible be performed in the 
horizontal position. In order to do so, the A-Frame 
assembly would need to be "flipped" over to access the 
back side, but there was no overhead crane to 
facilitate this. Instead, two sheaves were hung from 
ceiling girders above the A-Frame. A wire rope was 
fixed to the A-Frame, run through the sheaves, and 
terminated at a piece of heavy earth moving equipment. 
After pinning the A-Frame's legs to the platen, the 
front-end loader was slowly backed away from the A
Frame. Once th~ structure was coaxed past top-dead
center, the tractor eased the A-Frame back, this time 
facing down. This make-shift procedure was captured 
in the photograph of Figure 8. 

A considerable amount of hydraulic piping running 
up each leg was required to provide power to the 
hydraulic pendant assembly. While major fabrication 
and assembly of the A-Frame structure was underway, 
jigs were constructed which duplicated the A-Frame 
geometry. This enabled the hydraulic pipe fitting and 
welding to go on concurrently. The large hydraulic 
lines were 2 inch, SCH 160 seamless 316-L sta1nless 
steel pipe. Sections were joined together using SAE 
CODE 62 four bolt flanges. These o-ring sealed 
flanges require that weld distortion be held to a 
m1n1mum. In order to accomplish this, the root weld 
of each flange was made by an electrode-less GTAW pass 
while the piping run was bolted together on the jig. 
With these flanges thus "locked" in the proper 
orientation, they were then removed to a rotary table 
to finish the welding by SMAW with 316L-16 electrodes. 

Figure 8. Flipping the A-Frame Assembly 
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MACHINING 

Only after all the major welding and associated 
distortion was completed could the assemblies be 
machined. The machine works in Scotland where Caley 
Hydraulics has built some 20 of these systems from 
steel is equipped not only with substantial overhead 
cranes, but also with a milling machine of aircraft 
hanger proportions. In fabricating their A-Frames, 
Caley can set up entire weldments in this machine. 
Line boring and precise machining and locating can be 
performed over tremendous distances. Harbor Branch is 
not as well equipped. Machining benchmarks were 
located by optical methods. A set of boring bars was 
designed and built to perform the machining. Two 
Bridgeport milling machines were converted to power 
the boring bars (Figure 9), one rotating the bar in 
back gear, and the other Bridgeport serving as a tail 
stock. Rough holes (typically 1 inch undersized) were 
machined in the pieces prior to welding, leaving only 
final boring to be completed. This method yielded 
excellent results, with final overall tolerances in 
the .:!:_ .005 inch range. 

Figure 9. Bridgeports Modified for Line Boring 

PINS AND BUSHINGS 

The main A-Frame heel pins are 9 inch diameter, 
cold rolled steel, with a .010 inch deposit of hard 
chrome plating. The 6.5 inch diameter cylinder pins 
are of similar construction. The trunions were fitted 
with bushings machined from a synthetic material with 
the trade name "THORDON". This material WiiS chosen 
primarily to eliminate the galvanic couple of the 
steel pin and the aluminum trunion. In addition to 
its insulating nature, the material exhibits good 
mechanical properties and ' a low friction coefficient. 
Its high coefficient of thermal expansion enabled the 
sleeves to be frozen in dry ice, then simply slipped 
into the trunions. While these bushings can be used 
without lubrication, the pivot points were fitted with 
grease fittings. lubrication conduits to the bushings 
and pins were provided. 

INSTALLATION 

This was perhaps the smoothest installation of an 
A-Frame onboard a ship in history. This was largely 
attributed to the fact that the A-Frame and ship were 
designed for each other, as was previously discussed. 



Four steel deck stools, one forward and one aft 
stool for each cylinder base were fabricated. Since 
sufficient load spreading and foundation had already 
been built . into the ship's structure, the stools' 
primary function was to provide a bolting platform for 
the cylinder bases which permitted access to the nuts. 

The bases and stools were located on the ship with 
the aid of a precision-machined mandrel. The mandrel 
could be adjus.ted to represent the desired distance 
between bases. The ends of the mandrel were sl eaved 
to fit the various trunion bushings. Once the stools 
were accurately located and welded to the deck insert 
plates, the bases were replaced on the stools and 
adjusted to the proper orientation by means of jacking 
screws. The approximate 1 1/2 inch gap between steel 
stool and aluminum base was then filled with CHOCKFAST 
GRAY. This provided both a firm foundation and the 
separation of dissimilar metals. Each base was 
secured to its two stools with a total of 43, 1 1/2 
inch stainless steel bolts. Hydraulically powered 
torque wrenches were used to insure they were secured 
uniformly. 

The A-Frame and Pendant assemblies were bolted 
together dock-side, then lifted on board the vessel 
with a 60 ton crane and inserted in the bases. The 
pins were easily pulled through their bushings using 
"PORTA-POWER" hydraulic hand jacks. 

OPERATION 

The aluminum A-Frame and base structures 
represent a savings in weight greater than 50% over a 
comparably rated steel handling system. The handling 
system has been in service for over one year. It has 
provided safe and reliable service in launch and 
recovery operations from the Great Lakes to the 
Central American coast. The entire launch and 
recovery operation is controlled by one man, from a 
console inboard the starboard base (see Figure 10). 
The tow winch, located on the 01 deck, maintains 
tension on the submersible during its transit through 
the air thus preventing yaw and pitch, in addition to 
performing its main function of towing the submersible 
to the recovery position behind the ship. 

On recovery, a swimmer must enter the water to 
attach the tow line to the submersible, and guide. the 
lift line into its receptacle. Both the tow hook and 
lift line receptacle (DROP LOCK) are pneumatically 
actuated by the submersible pilot, thereby eliminating 
the need of a swimmer on launch (3). 

FUTURE PLANS 

As was previously discussed, this handling system 
was actually designed for considerably more load than 
its present 18 ton ABS rated capacity. The ABS design 
rule (2) which places these severe restrictions on 
launch and recovery system is conservative, yet 
prudent. The design criterion assumes that . as is the 
case with many launch/recovery systems, the system 
will be installed on a ship of opportunity. The ABS 
design rule regarding dynamic loads goes on to state 
that consideration may be given to permanently 
installed systems where it can be shown that lesser 
loads are expected. A program is underway at HBF to 
experimentally determine exactly what these loads are. 
This will be accomplished by installing 
instrumentation onboard the ship and the submersible 
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Figure 10. A-Frame Handling System with JOHNSON-SEA
LINK Submersible 

to monitor acceleration, displacement and rotation 
during launch and recovery operatiosn in limiting sea 
states. This information along with data from strain 
gages fixed to critical portions of the A-Frame will 
be monitored by a microprocessor based data 
acquisition system, and stored on disk. The 
information can then be brought back to the 
laboratory for evaluation and comparison with the 
computer simulated model. The data acquisition system 
described has already been developed and tested. 

It is anticipated that the emperical resu~ts will 
corraborate the numerical projections, thereby 
enabling a reel assi fi cation of the system to an ABS 
rated capacity of at least 27 tons. This will enable 
the R/V SEWARD JOHNSON to serve as a back up support 
vessel for the U.S. Navy's DSV program. The main 
cylinders for inboard/outboard A-Frame travel were 
sized in anticipation of this goal. 

This paper is Harbor Branch Foundation 
Contribution Number 457. 
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Figure 11. R/V SEWARD JOHNSON 
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