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ABSTRACT

lhere was a need for a lightweight
hydrocrane to handle launching and
recovery of the Harbor Branch Foundation
submersible, JOHNSON-SEA-LINK. Aluminum,
because of its high strength to weight
ratio, weldability, high corrosion
resistance and low maintenance became the
prime candidate for this application, all
of which led Edwin A. Link, Trustee and
Vice President of Harbor Branch
Foundation, Inc. to request the assistance
of ALCOA in the design of a suitable unit.

Specifications called for launching
or recovery of the vehicle off the stern
of the mothership, R/V JOHNSON, in
twenty-five seconds or less under sea
state five (5) conditions. Safety further
dictated that a connecting device be
devised to minimize the time the submer
sible was in the water adjacent to the
mothership. Another important require
ment was damping the pendulum motion of
the vehicle during launching and recovery.

The resulting design incorporates a
two axis hydraulic spot-disc brake system
which reduced the handling problem to a
safe level. A novel fail safe "drop lock"

References and illustrations at end of paper

device for connecting the crane and
submersible was developed by Harbor Branch
Foundation to aid the launching operation
without requiring swimmers to be in the
water, and only one swimmer for recovery
with considerably reduced hazards.

Specifications, loads, stresses,
hydraulic circuits and other design
criteria are given in the paper.

INTRODUCTION

One of the inherent problems of
launching and recovering a submersible
from the deck of a surface vessel in
heavy seas is to accomplish the task as
fast and safely as possible. With this
prerequisite in mind, Mr. E. A. Link
embarked on a program of developing a
crane to accomplish this task. Depending
on the sea conditions and the direction
of the ship and submersible with the wind,
there are times when the vessel and
vehicle are in and out of phase. There
are two methods of hoisting a vehicle from
the water, one is to employ a mechanism to
pay in or payout the hoist line keeping
a constant pre-set tension on the line.
Another, is to hook up and virtually snatch
the vehicle from the water while the
vehicle rides the crest of a wave or swell.
This method requires operator skill to
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pluck the sub at the proper time and before
the next wave or swell reaches the sub.
The latter method was selected because it
does not rely on any mechanism, which
might fail at a most inopportune time, it
does not add additional weight to the
crane or vessel nor is any additional
funding required. The rapid-retrieval
method (water to deck) is accomplished in
20 to 25 seconds by use of an aluminum
crane and an hydraulic-electro propor
tional valve system.

To date, two cranes have been
fabricated, tested and placed in
regular service aboard the two Harbor
Branch Foundation research vessels,
R/V JOHNSON and R/Y SEA DIVER. A
picture of the crane with the JOHNSON
SEA-LINK aboard is shown in Fig. 1. The
balance of this paper will cover the
design fabrication and testing of the
crane.

DESIGN

The design of the crane was sub
contracted to the Aluminum Company of
America Research Laboratories'
Design Group to parameters specified by
the Harbor Branch Foundation, The
crane is made up of the boom which is a
tubular truss (Fig. 2) and an arm
composed of a box structure (Fig. 4).
The crane is entirely of aluminum except
for shafting, pins and fasteners.

DESIGN ~PECIFICATIONS

The Aluminum Association specifica
tions for aluminum brid~es and similar
type structures (Ref. 1) were used for
the design of the crane. The allowable
stresses given in Ref. 1 for welded
and unwelded aluminum alloy 6061-T6
structural members are listed in
Table 1. Section lA is a commentary
published by the Aluminum Association
which delineates some of the background
of the specifications and cites a number
of references used as a basis for the
specifications. For members loaded in
tension, these specifications use an
allowable stress which is the lower
value that results by applying a factor
of safety of 1.85 to the minimum yield
strength or 2.20 to the minimum tensile
strength. Factors of safety are also
given for compression and bending load
ing, as well as for bolted, riveted and
welded joints. The yield strength and
tensile strengths used as a basis for
the allowable stresses are the minimum
properties for the material. Typical
strengths are, of course, higher than the

specified minimum values.

Type 316 stainless steel pins and bolts
are specified for connections in the crane.
The allowable stresses for 316 SS (Ref. 2)
are:

Tension or Bending - 30,000 psi
Shear 18,000 psi.

CRANE LOADS

Factors affecting the loads on the
crane are given in Table 2. A sea state of
5 (Ref. 3-4) was considered in the design
as the worst sea state in which the
submersible will· be recovered. Table 3
lists the roll, pitch and heave character
istics of the R/V JOHNSON in sea state 5,
which were used to calculate the dynamic
forces on the crane.

Figure 5 shows the four positions of
the crane considered in the design.
Loading cases for the four positions are
listed in Table 4. An extreme and very
unlikely loading condition (Cases la' and
2a') assumed that the submersible could
sWing through an angle of 20 degrees
relative to the crane, due to failure of
the damping brake. Another unlikely posi
tion considered in the design assumed that
the boom was fully withdrawn and the arm
fully extended (Case 4).

The crane structure that results from
the· application of these design conditions
is strong enough that it would not be
expected to fail under the application of
forces corresponding to the breaking
strength of the cable or the maximum
strength of the hydraulic pistons.

SUMMARY OF LOADS AND STRESSES

Forces on the crane are summarized in
Table 5 and in Fig. 6. Deck reactions are
given in Table 5.

Stresses in the crane are listed in
Tables 7 and 8. It may be seen that the
stresses are generally well below the
allowable stresses.

Analysis ~howed that the stresses
induced in the crane by wind loads occurring
in sea state 5 are quite small. It was
determined that the crane could survive a
100 mph wind providing that the submersible
was not being launched or recovered.

A fatigue analysis was made of the
crane based on a loading spectrum resulting
from roll and pitch using the method
described in Ref. 5. The analysis indicates
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a life of about 14 x 106 cycles of
combined roll and pitch. This represents
a continuous roll and pitch of significant
magnitude for a period of about 3~ years.

FABRICATION

Many factors were considered in
material selection. These were strength
to weight ratio, weldability, availability,
cost, corrosive resistance and low
maintenance. Aluminum was selected as the
candidate that would fulfill these
requirements. Final weight of the crane
structure is important since the
stability of the vessel must be maintained
within operational limits. A profile of
the crane is shown in Fig. 8.

In order to keep fabricating costs
to a minimum, the main pivot pads and
cylinder trunnion pads were finished
machined, held in alignment with heavy
steel shafts and, where possible, were
welded last. By welding these items
last, they suffer the least effects of
weld distortion. The success of this
procedure eliminated the need to line
bore the pads and cylinder trunnions.

The main boom truss members are
7" 00 x .75" wall extruded 6061-T6
mechanical tubes. All web plates are
1" 6061-T6 plate (Fig's. 2 and 3).
The arm is composed of 1/2" 6061-T6
plate and 6061-T6 structural stiffeners
(Fig. 4). All welding was done by
the MIG process using 5356 electrode
wire. Stainless steel fasteners were
used throughout. No effort was made to
electrically insulate the stainless steel
fasteners or carbon steel trunnion shaft
ing. Lubrication fittings were provided
at all moving joints. After two years
of service, no corrosive attack is evi
dent between dissimilar metals. All
aluminum surfaces were left unprotected
from the elements. A recent survey
inspection of the crane after two years
service provided proof of the low
maintainability of the aluminum struc
ture.

HYDRAULIC SYSTEM

Power is supplied to the crane by a
Volvo 145 HP engine driving a Vickers
109GPM vane pump. Actuation of the
hydraulic cylinders is by use of Moog
controllers operating Moog series 60
proportional valves (see Fig. 7). The
controllers operate on 12 VDC. The valve
spools are the closed type when in the
neutral position. A simple method was
devised to unload the system pressure when

all controls are neutralized.

Unloading takes place through the
two main relief valves. This is done by
venting the main relief valves through
another relief valve set at 500 psi.
This pressure must be maintained against
the proportional valves, consequently, we
were able to accomplish the 500 psi
requirement and unload simultaneously.
By merely moving the electric controller
on the operators console, a solenoid
valve blocks the venting cir~uit allowing
the full pressure to be directed to the
cylinder. Once the controller is returned
to neutral, the venting circuit is
unblocked allowing the system again to
unload through the main relief valves.
To guard against an electrical failure, a
12 volt battery with its own charger is
available to operate the proportional
valves and solenoid. Should this become
inoperable, the proportional valves are
equipped with manual overrides and a
manual needle valve has been incorporated
to take over the solenoid function.

Although a variable displacement pump
would have been used with a closed spool
system, the present electro-hydraulic
set up is a conversion from an open spool
100 percent hydraulic system. Rather than
change from a fixed to a variable displace
ment pump, it was much less expensive to
incorporate a small low pressure solenoid
valve and relief valve.

The electro-proportional valves have
been found to produce less shock loads on
the crane when the controllers are
reversed or suddenly actuated as compared
to an hydraulic controller.

DROP-LOCK

The unique feature of the drop-lock is
that swimmers are not required in the water
during launch. During recovery, a swimmer
is required to fasten handling lines.
While in the water, he guides the drop-
lock into the lifting receptacle. As can
be seen in Fig. 9a, four segments pivot
outward after the drop-lock has bottomed
out in the receptacle on the submarine.
To extract the drop-lock, air pressure is
applied in the receptacle forcing the cone
shaped piston upward, Fig. 9b, which in turn
closes the segment inwardly. The crane
operator knows when air is applied by the
sound of it escaping and by the spray of
trapped water in the cavity. It is at this
time that the operator pays in the cable
withdrawing the drop-lock.
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A dual axis brake system performs the
function of damping the pendulum motions
of the submarine. The brake unit is a
completely integrated system. The
reservoir, pump and motor are unitized
operating at a maximum of 1000 psi. The
brakes are a caliper type having a
composite shoe which bears on a machined
stainless steel disc. Brake pressure is
applied by a foot operated electric
switch which results in an instantaneous
build up of pressure.

TESTING

Upon completion of the crane
installation, it was given a 40,000 lb.
proof load test. The cranels drop-lock
was fastened to a shore-mounted dead
weight providing a pull of twice the
static operational lift.

Strain gages were installed at all
points considered to be the critical
areas. These areas were selected based
on calculated stresses. The strain gage
testing was performed statically with
dynamic factors being applied. The
highest stresses occurred in the
7" and 5" diameter truss members but were
well within the allowable stresses with
dynamic conditions considered.
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TABLE 2 - DESIGN PARAMETERS

1. Submersible weight is 20,000 lbs.

2. Breaking strength of cable is 80,000 lbs.

3. Weight of hydraulic cylinders (including oil)

a. Boom-deck cylinder = 728 lbs.
b. Boom-arm cylinder = 425 lbs.
c. Fast recovery cylinder (arm) = 578 lbs.

4. In considering inertia forces of crane, mass of arm was
lumped at boom-arm piston and mass of boom was lumped
at boom-deck piston.

5. Weight of damping brake head (end of arm) is 560 lbs.

6. Average pickup velocity of submersible is 7 ft. in 5 sec.

7. Time to get submersible on deck after locking in is 25
seconds.

8. Inertia forces occurring during movement of crane from
position to position and during recovery are small enough
to be neglected.

9. Full pressure can come onto hydraulic pistons in a few
tenths of a second, and the pistons will have a relief
valve limiting the full pressure to 2500 psi.

10. Maximum sea state is 5.

TABLE 3 - CHARACTERISTICS OF R/V JOHNSON
Sea State 5

1. Roll of 10 0 , period of 8 seconds.

2. Pitch of 10 0 , period of 6 seconds.

3. Roll center if 1 ft. above water 1 ine.

4. Center of pitch is at water line and 43 ft. forward
of frame 53 (crane is attached to deck at frame 53).

5. Heave is negligible.

Loading TABLE 4 - DESCRIPTION OF LOADING CASES (SEE FIG. 5).

Case Description

Crane fully extended - ready to retrieve sub

2

3

4

la

la I

1b

2a

2a'

2b

Sub not locked to arm

Same as loading case la with 200 off-center
lift of sub

Sub locked to arm

Boom fully extended with angle between boom
and deck = 56.5 0

Sub not locked to arm

200 off-center lift of sub

Sub locked to arm

Mast fully withdrawn and angle between boom
and arm = 34.5 0 (submersible on deck)

Boom fully withdrawn and arm fully extended



Loading
Case V, lb

TABLE 5 - SUMMARY OF FORCES ON CRANE (SEE FIG. 6)
Forces at Hydr. Piston, lb

HT ' lb ML,FT-Ib MT,FT-lb Mast-Arm Boom-Deck

la 36,900 0 0 0 0 44,300 158,000
la' 36,900 0 13,400 0 0 44,300 158,000
Ib 36,400 820 6,510 2,860 22,800 39,700 155,000

2a 36,400 0 0 0 0 94,900 149,000
2a I 36,400 0 13,200 0 0 94,900 149,000
2b 36,000 2,370 7,370 8,290 25,800 84,600 149.,000

3 33,700 2,490 7,100 8,700 24,900 38,300 64,100

4 34,700 3,650 7,950 12,700 27,800 119,000 121 ,000

TABLE 6 - SUMMARY OF DECK REACTIONS (SEE FIG. 6)

Loading FX FX F Fy FZ FZCase I 2 YI 2 I 2

1a

1a I

1b

2a

2a'

2b

3

4

+32.5

+32.0
+"44.1

+25.3
+37.4

+39.9

+38.3
+52.0

+31.7
+45.4

+13.2
+26.4

+33.7
+48.5

-32.5

-25.1
-24.2

- 31.8
-30.9

-39.9

-32.5
- 31 .5

-39.1
- 38.1

-20.3
-19.3

-41 .6
-40.5

-115.0 -113.4 -54.1 -54.3

-52.4 -169.6 -52.1 -54.0
-171.2 -50.8 -53.8 -52.4

-70.0 -152.0 -49.3 -56.8
-153.6 -67.4 -56.6 -49.6

-128.4 -126.9 -52.5 -52.7

-65.9 -182.4 -33.8 -69.8
-183.9 -64.4 -69.6 -34.0

-79.0 -169.3 -38.1 -65.5
-170.8 -77.5 -65.3 -38.3

-26.7 -89.1 -6.9 -33.7
-89.7 -26.1 -33.6 -7.0

-78.1 -159.4 -17.2 -64.0
-160.6 -76.8 -63.8 -17.4

Reactions are in kips (1000 'l b)

(+ sign indicates force in direction of arrow in Fig. 6 
Deck reactions are equal and opposite in sign)

TABLE

Member or Location

7 - SUMMARY OF MAXIMUM STRESSES IN BOOM (1).

Stress(2), 1000 1bs/in. 2

Tension Compression

Top Chord Member
7" O. D. x 3/4" wall tube +13.2 (+13.3) -13.2 (-13.9)

Bottom Chord Member
7" O. D. x 3/4" wa11 tube +9.8 (+13.3) -9.8 (-13.9)

Diagonal Member
5" O. D. x 1/4 " wa11 tube +8.2 (+12.0) -8.2 (-12.5)

(1) For Loading Case 4

(2) Stresses in parentheses are allowable stresses in accordance with Ref. 1.



TABLE 8 - SUMMARY OF STRESSES IN ARM AT SECTION B-B IN FIG. 4.

2 (1)
Loading Stresses, 1000 1bsl in.

Interaction(2)Case Axial Bendin~ Shear
Major Axisinor AX1S

1a 0.6 1.1 0.4 0.19

1a' 0.6 1.1 3.4 0.7 0.66

I b 0.6 0.8 2.2 0.4 0.46

2a 0.4 4.1 0 0.7 0.45

2a' 0.4 4.1 3.3 1.0 0.91

2b 0.4 3.5 2.5 0.8 0.75

0.5 1 .2 2.4 0.6 0.51

0.2 5.8 2.7 1.0 0.94

(1) Allowable stresses according to Ref. 1
Axial compression 6.1
Bending - Major axis 11.0

Minor axis 7.4
Shear 6.5

(2 ) Axial + Bending
Axial Allow. Bending Allow.

+ Shear 2
(Shear Allow.) must be - 1.0.

Note: This formula is from an earlier version of Ref. 1 (1970 printing), and is
more conservative than that in the present specifications, in which the
second term is squared.

FIG, 1 - R, V. JOHNSON WITH JOHNSON SEA LINK ABOARD.
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