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PREFACE

DOD plann ing for the logistics support to sustain major contingency
operations , including amphibious assault operations and Logistics-Over-the-
Shore (LOTS) evolutions , relies extensively on the utilization of U. S. Fl ag
comercial shipping. Since the mid 1960’s coninerclal shipping has been
steadily shifting towards containerships , Roll-on/Roll—off (RO-RO ) ships and
barge ships (e.g., LASH, SEABEE). By 1985 as much as 85% of U. S. Flag sea-
l ift capacity may be in container capable ships -_ mainly non-selfsustaining
(NSS) containerships . Such ships cannot operate without extensive port

• facilities . Amphibious assault and/or LOTS operations are usually conducted

over undeveloped beaches and expeditious response times preclude conventional

• port development. Handling of containers in this environment presents a
serious probl em. The problem , as def ined above , is addressed in the overall
DOD Over-the-Shore Discharge of Cargo (OSDOC) efforts i nvolving developments
by the Army, Navy and Marine Corps. Guiding policy is documented in the
“DOD Project Master Plan for Surface Container Supported Distribution System”
and the OASD I&L system definition paper “Over-the-Shore Discharge of Cargo

(OSDOC) System. ”

In response to the DOD Master Plan , Navy Operational Requirement (OR-YSLO3)
has been prepared for an integrated Container Offloading and Transfer System
(COTS) for discharging container capabl e ships in the absence of port facilities .
The COTS Navy Development Concept Paper (NDCP) No. YSLO3 was promulgated July

• 1975 and the Navy Material Comand tasked with development. The Naval Facilities
Engineering Coninand has been assigned as Principal Development Activity (PDA)
with the Naval Sea Systems Command assisting .

The COTS advanced development program includes the ship unloading sub-
system, the ship-to-shore subsystem and common system elements. The ship

unload ing subsystem includes : (a) the development of Temporary Contai ner

• Ii
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Discharge Facilities (TCDF) employing merchant ships and/or barges wi th add-
• on cranes and support equipment to offload non-selfsustaining (NSS) container -

ships alongside ; (b) the development 0f Crane on Deck (COD) techniques and
equipment for direct placement of cranes on the decks of NSS containerships

to render them selfsustaining in an expedient manner; Cc) the development
of equipment and tec hnique~ to offload RO-RO ships offshore and (d) the
development of interface equipment and techniques to enabl e ship discharge by
helicopters (either existing or projected in other development programs).
The ship—to-shore subsystem includes the development of elevated causeways
to allow cargo handling uver the surfl i ne and development of self-propelled
causeways to transport cargo from ships to the shoreside interface. The

• commonal ity subsystem includes : (a) the development of wave attenuating
Tethered Float Breakwaters (TFB) to provide protection to COTS operating
el ements; (b) the devel opment of special cranes and/or crane systems to
compensate for container motion experienced during afloat handling ; (c) the

development of transportability interface items to enable essential outsize
COTS equipment transport on merchant ships -- particularly bargeships , and
(d) the development of system integration components such as moorings ,

fendering , communications and services.

This report addresses the progress and accomplishments associated with
the Rider Block Tagline System (RBTS) development efforts. The objective

of this effort is the development of a hardware package to improve the
capabilities of commercially available land cranes in offshore applications.
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EXECUTIVE SUMMARY

The purpose of this document is to present the results of the Rider Bloc k
Tagl ine System (RBTS) Development Test DT-IIE as delineated in the COTS Test and
Evaluation Master Plan (TEMP) Number 299. The testing was conducted at Little
Creek, Vi rginia , during October 1977 and was comprised of l and tests, harbor

tests, and sea tests. The U. S. Army Mobility Equipment Research and Develop-
ment Command conducted the acceptance tests at Ft. Bel voir, Va. The crane
was then loaded onto a LCU for transport to Little Creek, Va . where Naval Beach
Group TWO personnel instal led it on the center of a 4 x 10 ML pontoon barge
which is part of a 3 section causeway. The Commander, Naval Beach Group TWO
was in charge of conducting the harbor and sea portion of the test.

The objectives of the Rider Block Tagline DT—IIE Test were to:

a. Demonstrate the feasibility of the rider bl ock tagline concept
as an effective means of load control in a dynamic environment.

b. Obtain engineering data for evalua tion of the Rider Block Tagline
System (RBTS) design and operational characteri stics.

c. Evaluate the capability of the RBTS to enhance cargo transfer
operations at sea.

Al though the prototype RBTS installed on the BE 38-B was only tested under

conditions of limited sea state, a number of conclusions were drawn from both
the data and the experience resulting from the preparation and execution of
the test as a whole. Of particular significance was the demonstration of the
fact that the RBTS can be retrofitted to a standard , commercially availabl e,
mobile crane.

In spite of the control probl ems, peculiar to the design of the crane avail-
able for this prototype, and the limited i ndoctrination of the cargo handling
crew to the RBTS concept, test data indicated that there was no significant
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difference in cargo handling productivity as compared to no,s-RBTS operations.
It appears that the performance of the RBTS would be signifi cantly improved
when the crane operators and signalmen are given adequate training.

Stresse. in the boom due to side loading were significantly reduced
by the use of the RBTS , as indicated by strain guage data . These stresses have
been a major limiting factor in the use of cranes afloat.

Finally, the RBTS proved to be very helpful in the task of replacing the

LASH barge hatchcovers at sea. This operation , because of the clos e to lerances
i nvol ved in alignment of the mating parts, indicated that the RBTS provided an

increased level of load control i n a dynamic env i ronment.

Based on the results of the RBTS DT-IIE test, the follow ing recommendat ions
are made.

1. A ful l scale RBTS should be built and instal led on a COTS capab le
crane. During the design of this unit , attention should be given to the

follow ing features :

a. Integration of control functions from a human factors standpoint.

b. Selection of a winch unit that will provide a smooth, controlla bl e
actuation of the taglines . 

V

c. Redesign of the rider block and/or hook block to allow “two
block i ng” of these uni ts w ithout damage , and the development
of an automatic rider block line hoist that will take up the
slack i n the rider bloc k li ne when thi s occurs .

d. Elevate the attachment points of the tagline outrigger sheaves

to increase the operationa l envelo pe, if lifts above the level
of the crane are to be performed .

e. Incorporate a rider block position indicator or other means of

providing the operator with an indication of load radius .

f. An audible warning system for excess tension in the tagli rmes .

v i i i
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2. The testing of the ful l scale RBTS should be conducted under

conditions of significant relative motion as described in the COTS operational V

requi rement.

3. A formal training program should be conducted for the operators and
signalmen in how to make the most effective use of the features and advantages

inherent in the RBTS.
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SECTION I

INTRODUCTION

1.1 PURPOSE.
The purpose of this document is to present the results of the Rider

Block Tagline System (RBTS) 01-lIE Test held at Little Creek, Virginia ,
during October 1977.

1.2 BACKGROUND.
The joint Army/Navy/Marine Corps Off-Shore Discharge of Containership

(OSDOC ) Test/Evaluation exerc i ses were conducted in 1970 and 1972 in order
to exp lore var ious techniques for unloadi ng a containers hip moored offshore
us ing ava i lable commerc ial and military equipment i n an operationa l env i ronment.
A primary problem encountered in the test was the difficulty of accurately
placing containers in lighterage due to the uncontrollable swinging of the con-

tainer (pendulation ) from a crane operating on a ship or barge in a seaway.
The Rider Block Tagline System (RBTS) has been developed as a viable means of
minimizing the sea induced load pendulat ions , more accura tely control ling the V

radial position of the load with a minimum of boom luffing and reducing the
potentially high side loads experienced by cranes afloat .

Acceptance testing of the RBTS was conducted at Ft. Belvoir on 2-3 June
1977. A summary of the results of this test fol lows:

a) The kinematic relationships between the various lines were checked
out and found to be satisfactory.

b) All winch drums and their respective control s performed adequately,
except the tagline payout system which was unacceptable for the
requirements of the RBTS. Modifications were implemented shortly
after the acceptance test to partially alleviate this problem .

c) A ll structural components of the RBTS were loaded , to verify their
integrity and freedom from manufacturing defects.

1 — 1
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d) The static operational envelopes , which were observed , compared
favorably wi th those predicted by computer simulation .

e) The RBTS s ignificantly reduced the stresses in the boom chords
and lacings due to side l oading of the boom caused by operating
in a listed condition .

Appendix A presents the data collected during this test. It includes
strain guage readings , l ine tensions , rider block coordinates , and list

conditions .

1.3 TEST OBJECTIVES.
The objectives of the Rider Block Tagline 01-lIE Test were to:

a. Demonstrate the feasibility of the rider block tagline concept

as an effective means of load control in a dynamic env i ronment.
b . Obta i n engineer ing data for evalua tion of the Rider Bloc k Tagl ine

System (RBTS) design and operational characteristics .
c. Evaluate the capability of the RBTS to enhance cargo transfer

operations at sea .

1-2 
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SECTION II

EQUIPMENT AND INSTRUMENTATION

2.1 GENERAL.
Figure 2-1 presents a Bucyrus Erie 38-B crane with the Rider Block

Tagline System (RBTS). The Army owned Bucyrus Erie 38-B, RBTS , equipment
modifications , instrumentation , and auxiliary equipment will be discussed
below.

2.2 BUCYRUS ERIE 38-B CRANE.
V 

Appendix 3 presents the standard specifications and load ratings of a
commercially available Bucyrus Erie 38-B. The crane, for this test, was
equipped with a 70 foot boom consisting of a base section , a tip section ,

a 5 foot extension and two 10 foot extensions.

The crane is of the conventional crawler design consisting of a re-
volving superstructure, diesel power plant , crawler base and mast suspended
boom assembly. The power from the diesel engi ne passes through the master
clu tch , engaged from the operators console , to the torque convertor. The
output of the torque convertor is then directed to the desired functions
(ho ist , boom, swing , propel , etc.) by means of air clutches, also actuated

from the operators console.

The standard machine is equipped with two hoist drums , mounted side by V

side on a common shaft, that can be independently controlled by their respective
clutches and brakes. An opt ional thi rd drum, primarily designed as a utility
w inch, can be mounted just in front of the two ma in drums .

2.3 RIDER BLOCK TAGLINE SYSTEM (RBTS).
The Rider Block Tagline System, shown in Figure 2-1 , cons i sts of a rider

block , outriggers, tagl i ne and a rider block line supplementi ng the conven-
tional commerc ial li ft crane ’s hardware. The load l ines are reeved through
the rider block. The horizonta l and vertical positions of the rider block

2-1
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are control led by the operator with the taglines and the rider block line ,
respectively. This allows the operator to control the pendulation l ength and
load position simultaneously. Figure 2-2 shows the rider block in greater detail.
It is fully articulated so that it can conform to the line of action of each wi re.

As installed on the 38-B, the l oad line is reeved on the right main drum ,
the rider block line is reeved on the left drum, and the taglines are reeved on
the third drum. This allows the load and the rider block to be raised at approxi-
mately the same speed by simultaneously engaging the right and left drum.

Actuation of the tagl ines or the rider block line results in a nonlinear
response of the load that may require a degree of operator/signalman proficiency
to insure a smooth operation. Figure 2-3 depicts the nature of this response
for equal increments of tagl i ne and rider block line position.

Because of limitations in the capacities of the 38-B, this prototype RBTS
was designed to handl e 5000 pound palletized cargo and LASH barge hatchcovers
in a limited portion of the operational envelope. Although not specifically
designed for the purpose, it is also capabl e of handling container spreader
bars and an empty 20 foot MILVAN container .

The operational envel ope, of the RBTS as installed on the 38-B, is the
collection of rider bl ock positions such that neither tagline is slack nor
has a tension in excess of 3000 pounds. The width of this envelope , and there-
fore, the effectiveness of the RBTS, increases as the rider block is lowered.

2.4 EQUIPMENT MODIFICATIONS.
Throughout the acceptance testing at Ft. Belvoir and preliminary testing

at Little Creek, major attention was gi ven to the improvement of the RBTS
with respect to hardware design , operational safety and human factors aspects.

Problems were encountered in three major areas - those related to the basic
crane , the test platform, and the RBTS concept. The major modification re-

quirements were precipitated by inadequacies of the standard crane controls.

2-3
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Figure 2-2. Rider Block Components
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The first and major deficiency of the mechanical system was observed
during the acceptance tests at Ft. Belvoir. The standard , commercially avail- V

able third drum that was selected for the tagl ine winch was of a relatively
unsophisticated design , incorporating an air actuated clutch and brake re-
lease. Forward motion of the control lever would release the spring set
brake, and simul taneously en-gage the cross shaft clutch which mechanically
connects the third drum to the output of the crane ’s torque convertor.
Reverse motion of the control lever would release the spring set brake only,
allowing the drum to free wheel . The major drawback with this system was a
lac k of “feel ” and control on the part of the operator while paying out the
tagl ines. It was determined , during the acceptance testing, that the a ir
release brake should be augmented by a manually operated hydraulic system.
A relatively simple brake release, des igned around a standard automotive
brake master cylinder and clutch slave cylinder , was fabricated and installed

on the crane at Ft. Belvoir prior to transport to Little Creek. This provided

a “feel ” and control comparable with the conventional mechanical foot brake
lowering system utilized on the rider block and load lines .

During preliminary testing at Littl e Creek, additional areas for improve-
ment of the overall operation were noted . These were :

a. The low position of the tagl ine crossbeam greatly limited the effective
operational envelope of the rider block over the LASH barge without foul ing

the taglines on the coaming of the barge.

b. The large number of control levers on the crane required a great deal
of hand changing during cargo handl ing cycles , producing a more complex and
time consuming operation (Figures 2—4 and 2-5).

c. With a conven tional crane , the operator has a direct indication of
load radius by the use of his boom angie indicator. During RBTS operations ,

the operator had no Indication of the l oad radius, and therefore , could not
position the load while swinging , as could be done with the conventional
crane and boom angle indicator.

2-6
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The useful opera tional envel ope of the RBTS was grea tly increased over
the LASH barge by placing the crane on 4 timber mats, raising it 2 feet above
the deck of the causewa y, and fendering the barge 5 feet away from the cause-
way with three foam filled fenders (5 feet x 10 feet).

Based on recomendations by PHIBCB-2 personnel , the tagline hoist con-
trol was incorporated with the main l oad hoist lever . The standard air
controllers have three positions - forward , aft, and port. On this particular
crane , the forward movement is for load hoist, port is for the warning horn ,
and th~ aft position is not connected since there is no power down option.
The horr was moved to the aft position , and the tagl ine winch was connected
to the port motion , al lowing the operator to simultaneously raise the load
and bring in the taglines with a diagonal movement of a single l ever.

Both the rider block line and the load line were l owered by the foot brakes ,
but it was still necessary to change hands in order to release the hydraulic
tagline brake system described earlier. To remedy this , a power assisted
bicycle brake handle was installed on the l oad hoist lever to release the tag-
l ine brakes (Figure 2-6). With this successfully implemented , the operator
could work in a more conventional manner with his right hand dedicated to
boom and ho i st con trol and the left hand for sw ing and thro ttle con trol .

All l ine tensions were monitored by load cells , but it was deemed un-
des i ra ble to requ i re the operator to mon itor these meters dur ing opera tion.
Since the taglines were most vulnerable to accidental overl oading that might
resul t In a catas tro phic fa i lur e , it was decided that they should be equipped
with a mechanically actuated, aud ibl e alarm . This was accomplished with
two Dillon dyna switches, wi red i n paralle l , to activate the existing air
horn on the crane. This provided an easy and effective warning system for
both the operator and the cargo handlers , who were accustomed to the horn
as a warn ing s ignal.

2-9
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A final modification was the development and installation of a rider
block load radius and position indicator. It basically consisted of a
three wheel foo tage coun ter on the ta gl i nes , a tagline angle measuring
device , and a small analog computer that performs the computation :

R = L c o s ® + C

where R = loa d radi us
L = tagline length
0 = tagline angle
C = di stance from cross beam to ~~. crane rotation.

Thi s was use d as an ou tput to a meter in the operator ’s ca b where it cou ld be
easily seen at a glance. A minor addition to the basic circuit provided the
ability to calculate the “ X ” and “Y” coordinate of the rider block for instru-
mentation and testing purposes (Figure 2-7). Figure 2-8 presents the rider
block pos iti on indi cator hardware.

2.5 DATA ACQUISITION SYSTEM.

2~5.l SENSORS AND INSTRUMENTATION.
Various sensors were installed on the crane, and during testing, s ignals

from these sensors were recorded on analog tape. Tabl e 2-1 lists the number and
l oca ti on of eac h type sensor and the number of data c hannels recorde d . The
Wave Rider Buoy , T ime Code Genera tor and Intercom s ig na l s were not mul tipl exed ,

V but were recorded se parately on dedi ca ted channel s of the analo g tape recor ders .
Table 2-2 lists the analog recorder channel allocation. Figure 2-1 shows the
location of the various sensors. The six degree-of-freedom motion package
was mounted underneath the crane cab , and was use d to measure p la tform mo tion.
Its ou tputs are ro l l , pi tch , sur ge, heave , sway and yaw rate.

The Wave Rider Buoy was tethered approximately 150 to 200 yards from the

barge. The Wave Rider Buoy Receiver was installed inside the Instrument Shelter ,

2-11
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TABLE 2-1 . SENSORS AND INSTRUMENTATION RECORDED

TYPE LOCATION/FUNCTION NU~BE~ DAT A CHA~~ELS

STRAIN GAGE Boom 24 24
Dillon Load Cell . 5K One on the dead end of each tagllne 2 2
Dillon Load Cell . 10K On the dead end of the rider block line I
Tensionometer , 40K On the boom luffing line and the load line 2 2

V Potentiometer Boom Foot (Boom Angle) I
Potentiometer Rider Block Position (x) 1
Potentiometer Rider Block Position (y) 1
Motion Sensor, 6 DOE Underneath Crane Cab (Platform Motion) 1 6

~1ave Rider 3uoy* Seaway (Sea State) 1
Time Code Generator* Instrumentation Shelter 1
Intercom* Instrumentation shelter , Crane Cab and R~note 1

* - Not Multiplexed.

TABLE 2-2. ANALOG RECORDER CHANNEL ALLOCATION

CH. NO. Func ti on

1 Intercom

2 IRIG—B Serial Time Code

3 Tachom e ter Sync

4 Wave Rider Buoy

5 PCM Encoder , 0MM

6 PCM Encoder , NRZL

7 Not Used

2-14
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and its output was recorded directly on a dedicated channel of the analog
tape recorder. The recorder output signal is a measure of wave amp itude
and fre quency .

2.5.2 SIGNAL CONDITIONING AND RECORDING.
Figure 2-9 is a simplified block diagram of the data acquisition system

used during the RBTS. Outputs of the thirty-eight sensors are appl ied to the
two signal conditioners where they are properly scaled . The signal conditioners
provide analog signals to the PCM Encoder. This encoder outputs two serial
streams of digital data (NRZL and DNM) from a 75 Ohm source for tape recording.
The encoder samples the 38 data channel s (plus 26 unused channels) at a rate of

V 
250 times each second. Thus , the 38 data channels are multiplexed onto two
analog tape tracks. In addition , on the same tape recorder are one time code
track, one intercom trac k, one tac home ter sync trac k, and one Wave Rider
Buoy track.

The Encoder Decommutator and Demultiplexer are used to extract analog
signals from the data stream canting from the encoder by way of the tape
recor der mon itor and pl ayback c i rcu itry. As the outputs from the Enco der are
being recorded , real— time analog data is thus simultaneously availabl e for
inspection .

2.6 AUXILIARY EQUIPMENT.
The follow ing aux i l iary equ ipment was requ i red for the test :

(a) LCM-8
(b) LASH Barge
(c) 3 section causeway
(d) Single point moor

(e) LCU - tow boat
(f) 2 Mike—6 work boats
(g ) 3 - foam f i lled fenders
(h) 4 — (5’x16’xl ’ ) T imber Mats
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SECTION III

DESCRIPTION OF TESTS

3.1 GENERAL.

This section will describe the type of tests that were conducted.

3.2 TYPE OF TESTS.

V The DT-IIE test was comprised of land tests, har bor tests , and sea tests.
The U. S. Army Mobility Equipment Research and Development Command conducted
the acceptance tests at Ft. Belvoir, Va. The crane was then l oaded onto a
LCU for trans port to Little Creek , Va. w here Naval Beach Group TWO personnel
installed it on the center of a 4 x 10 NL pontoon barge which is part of a 3
sec tion causewa y . The Commander , Naval Beac h Grou p TWO was in charge of
conducting the harbor and sea portion of the test. Figure 3-1 presents a plan

view of the harbor and sea test equi pment arrangement. Figure 3-2 presents a
side view of the crane on the causeway. . 

-

3.2.1 LAND TESTS. The land tests were conducted at Littl e Creek , Virg inia.

The purpose of the tests was to expose the crane operator to the operation of
the Rider Block Tagline System. The land tests included a functional test,
pendula tion tests , and a jeep handl ing tes t .

3.2.1.1 Functional Test. The functiona l test was conducted with no load on
the hook. Its purpose was to check out the Kinematic relatlonshios between
the tagl ines , rider bl ock, hoist l ines and boom angle. The test demonstrated
that the crane winches and controls were operating properly. Al so, this test
familiarized the operator with the rider block tagline system operation and V

controls. The functiona l test procedure is as follows :

a. Set boom angle at 450
Slack tagline until load line is ver tical and hook i s approx imately 1 foot

off the ground. Adj ust rider bloc k approximately 3 feet above hook block.
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Figure 3-2. Side View of the Crane on the Causeway
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b. Winch in taglines until rider block is within a few feet of the
boom. (Note: At no time during this test should any line tensions exceed
5000 pounds . If this does occur, terminate operation).

c. Pay out taglines until hoist lines are vertical once again.

d. Hoist rider block alone until it is within a few feet of the boom.

e. Lower rider block until it is 3 feet above hook once again.

f. Hoist rider block and hook simultaneously until rider block is
within a few feet of boom.

g. Lower rider block and hook until hook is approximately 1 foot above
the ground.

ii. Operator should repeat the above movements or combinations unt il he
gains familarity with the system.

3.2.1.2 Pendulation Tests. The tests conducted were: (a) off-lead pendulation
(i.e., in plane) and (b) out-of-plane pendulation .. The test procedures are as
follows :

a. OFF-LEAD PENDIJLATION

(1) Relocate the crane at an embarkment on the pier that will provide 
V

a clearance of 8 to 10 feet below ground level . Attach the 10,000
pound test load with the boom at a 45° angle.

(2) Position the load at approximately 24 feet beyond the boom base.

Pay out the rider block and load lines until the taglines are
approximately 10° below the horizontal . Adjust the load approxi-
mately 5 feet below the rider block.

3-4
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(3) Attach a hand rachet hoist and quick di sconnect between the
crane and the load. Pull the load back app rox imately 8°
(1500 pounds on hand hoist). Release disconnect.

(4) Record rider block line and tag line tens ions (max , mm ).

(5) Repeat steps (3) and (4) several times for various values of
initial position, load and pendulation angle.

b. OUT-OF-PLANE PENDULATION
Conduct tests as above except attach hand hoist so that initial off-

set of load is perpendicular to the vertical boom plane .

3.2.1.3 Jeep Handling Test. The test was conducted using a military jeep.
The jeep handling test was conducted with and without the RBTS. The time
required to transfer a jeep between two points (A and B) was recorded . Point
A was chosen at approximately 40 feet radius. Point B was chosen 90° away at

a radius of approximately 55 feet.

3.2.2 HARBOR TESTS. Harbor tests were conducted at the pier in Little Creek ,

V irginia. The BE 38—B was installed on timber mats three high in the center

of the 4 x 10 NL section. The tests included a functional test, pallet handl i ng

test, and container handling test. The pallet and container handling tests

were conducted with and without the rider bl ock tagline system attached .

3.2.2.1 Functional Test. This test will be the same as the test described inV Section 3.2.1.1.

1~~~
3.2.2.2 Pallet Handling Test. The test included the transfer of pallets in

order from a LASH barge to a LCM 8, placing each pallet on its respectively

numbered l ocation. The pal l ets were then transferred back to the LASH barge. 
V

The pallet handl i ng test procedure is as follows :
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1.
• - Arrange the LASH barge and LCM 8 with eight numbered l ocations in

• each unit. Begin the operational sequence with the 8 one ton pallets in the
LASH barge. Position the hook above the first pallet. Transfer the pal l ets
in order from LASH barge to LCM 8, placing each pallet on its respective
numbered location. Record times as per data recording procedures.

Perform the same operations in reverse beginning with pallet #1 and
transferring them back to the LASH barge.

Conduct pallet handling exercise with and without the rider block tagline
system attached.

3.2.2.3 Container Handl ing Test. The test included the pl acement of a
spreader bar on a container and the transfer of the container to and from the
lig hterage. The conta iner handling test procedure is as fo l lows :

Begin with the crane boom axis aligned fore and aft with respect to the
causeway, with the spreader bar attached. Swing crane and place the spreader
bar on the container. Repeat this operation several times.

Transfer container from the LASH barge to the LCM 8. Repeat spreader
placement exercises wi th container in LCM 8.

Return container to the LASH barge.

Repeat enti re ser ies with RBTS.

3.2.3 SEA TESTS. The causeway, with the crawler crane , was positioned in an
unsheltered area where the above series of tests were repeated in an operational
environment.

3-6
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SECTION IV

RESULTS

4.1 GENERAL.
This section presents the results of the land , harbor and sea tests.

An evalua tion of the numerical data i s presented , and it is followed by a

discussion of the Essential Elements of Analysis (EEA) and Checklist Questions

(CLQ) that were presented in the test plan.

4.2 EVALUATION OF NUMERICAL DATA.
The statistical analysis procedure and the results of each test are pre— V

sented below. Detailed test data sheets are presented in Appendix C.

4.2.1 STATISTICAL ANALYSIS PROCEDURE. In each of a number of the tests con-

ducted , a series of times were recorded for similar operations such as jeep

handl i ng , spreader bar placement, and palletized cargo handl i ng . The times

were recorded with and without the use of the rider bl ock tagline system .
It would be desirable to take this fairly “noisy~ data and make some dec i s ion
about the statistical significanc e of any comparisons that can be made.

Given two sets of data , X and Y , of Nx and N~ observa ti ons , respectively,
with means , —

N
M = 

E
X X. , and

i=l

M = ~~
4
Y y.

N~
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it is useful to test the null hypothesis that the two samples are drawn
from populations with the same mean.

To do this, a new ra ndom variable Z is generated such that

Z = M,~ - M~.

An unbiased estimate of the standard deviation of the population X is

(X 1 
_ M

x )2
1— Nx~~~

l

If is the standard deviation of the observations from population X , then the

standard deviation of the average of N
~ 

observations from X is

a-A = a
X

vc
Similar relations hold for the population Y.

Since the ra ndom v a r i a b l e  Z is the difference between two other random
var iables , M

~ 
and ~~ i t  has a standard dev ia t ion  of

/ a 2 + a 2
az I / _ .

~~
._ i_v N

~

assuming that the samples resulting in M and M are stochasticly independent .x y

If the absolute value of Z is greater than twice a then the null hypothesis

will be rejected. That is , there is sufficient statistical information present
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in the data to indicate a significant difference in the means of the two
samples.

A graph of the “power of the test” is shown in Figure 4-1 . It shows
the probability that the above test will reject the null hypothesis given
that the actual difference in the means are various multiples of the standard
devia t ion , a

~
. For example , if the means are the same , the probability of

rejection is only .05. If the difference is as little as one standard
dev iat ion, the probability of rejection is approximately .12, while if the
actual dif ferenc e i s as much as 3 a

1
, the probability of rejecting the null

hypothesis has increased to almost .95.

Therefore , it can be seen that if enough observations are taken so that
a will be relatively small , then smal l di fferences in the means can be
detected and interpreted as statistically significant with a reasonabl e
degree of confidence.

The computer program , STAT . Figure 4-2, has been deve l oped to perform
the necessary computations on two sets of data , and provides the means ,
differences , and standard deviations required to test the null hypothesis
above .

4.2.2 TEST RESULTS.

4.2.2.1 Land Tests.

4.2.2.1.1 Jeep Handling Tests. The jeep handling portion of the land tests
were conducted on 27 June 1977. A point A was located at a radius of 36 feet .
Point B was located at a slew angle of 900 from A and at a radius of 50 feet .

The jeep was moved four times from A to B and back again with and without
the RBTS , resulting in two sets of 8 data points each. These times resulted
in a mean of 39.5 seconds for RBTS operation and 39.625 for standard crane

4-3
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Figure 4-1 . Power of the Test
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LIST
STAT 14:05 11/15/77

I DATA 8
2 DATA 77 ,100,116 ,68,67 ,64 ,74 ,64
3 DATA 8
4 DATA 88,63,84,89 ,102 ,76 ,72 ,60
100 DIM 9(2O) , V(5) , M(5), N(5)
110 K=0
120 K=K +l
130 READ N( K)
140 X=O
150 FOR I-~l TO N(K)
160 READ S(I).
170 X=X+S(I)
180 NEXT I
190 M(K) = X/ N ( K )
200 X=O
210 FOR 1=1 TO N(K)
220 X=X + (S(I)_M(K))*(S(I)_M(K))
230 NEXT I
240 V(K) = X/(N(K)-l)
250 IF (K=l ) THEN 120
260 V(3) = V(1)/N(1) + V(2)/N(2)
270 M(3) = ABS(M( 2)- M(l))
280 V(4) - SQR(V(3))
290 PRINT
300 PRINT “,“,“MEAN” ,”STANDARD DEV IATION ”
310 PRINT
320 V ( l ) S QR ( V ( l ) )
330 V (2)=S Q R(V(2))
340 PRINT “ “ ,“SAMPLE 1~ ” ,M(l),V( l )
350 PRINT “ “ ,“SAMPLE 2~” ,M(2),V(2 )
360 PRINT “ “ ,“DIFFERENCE” ,M(3),V( 4)
380 END
READY

RUN

STAT 14:06 11/13/77

MEAN STANDARD DEVIATION
SAMPLE 1: 78.75 19.0994
SAMPLE 2 : 79.25 14.19

V 
DIFFERENCE .5 8.41236

Figure 4-2. Computer Program
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operation. This indicated that there was no significant difference between

the productivity of operations with or without the RBTS when employed in

a static , land based application.

4.2.2.1.2 Pendulation Tests. The pendulation tests were conducted at Littl e
Cree k on 28 June 1977, in order to s imul ate the effects of load pendula tion
when the rider bloc k was substantial ly below the hor izontal of the tagl i ne
crossbeam. S~,re difficulty was experienced in l ocating the crane in a
posi t ion  ~ve~ tue edge of the pier that would permit as large a negative
tagline angle as described in the test plan.

During the off -lead pendulation test , a tagline depression angle of 7.14°
was obtai ned and an initial offset of approximately 12° below 1he rider
bloc k was obtained . When the load was released with a pelican hook , the tagline
tensions varied within a 900 pound range and the rider block line varied with-
in a 400 pound range , with a minimum value of 100 pounds. There was no in-

dication that the rider block had any tendency to jump , although theoretically,
at sufficiently low rider block positions , the rider block line could become

slack. Out-of-plane pendualtion tests were also conducted . The l ateral
pendulation resulted in the oscillation shifting of tension from one tagline
to the other, although neither dropped to a load below 300 pounds. As expected ,

this component of pendulation had no effect on the rider block line tension .

4.2.2.2 Harbor Tests.

4.2.2.2.1 Container Handling Test. The primary emphasis of the cor.tainer
handling test was the spreader bar placement portion , in which a standard
conta i ner spreader bar was pl aced on a conta iner in the LASH barge, out of
sight of the crane operator. Each of the three operators made two placement
runs from a point on the deck of the causeway .

4-6



When this was done with the RBTS, a mean placement time of 131.2 seconds
resulted . The same operational sequence was conducted without the aid of the
RBTS with a mean pl acement time of 74.7 seconds. Th i s large di screpancy
motivated a rerun of the RBTS portion which resulted in a mean placement time

of 61.3 seconds. It was evident that no strong conclusion could be drawn from

this data except that the cargo handl i ng team was still ascending the learning
curve.

4.2.2.2.2 Pallet Handl i ng Tests. The pallet handl i ng tests were conducted on

17 October 1977 at piers ide at the Naval Amphibious Base , Little Creek. Eight

dummy paUets of cargo (2000 pounds each) were transferred to and from a LASH

barge and an LCM-8. In order to evaluate the statistical significance of the
data obtained , the total cycle time was broken down into eight subcycles of

“hook over l oad ” to “load touches down” . These can now be averaged and compared
using the statistical analysis procedure outlined in Section 4.2.1.

During the test, the time was recorded continuously from “hook over load
#1” until “load #8 touched down” . If unusual c i rcumstances occurred (loa d
lines twisted , pallet slings hung up, etc) that significantly prolonged a
portion of a cycle , the data sheet was asterisked at that peint. These cycles
were omitted from the stati sti ca l analys i s. For example , during the last
cycle of the first run without the rider block , the cranes load lines twisted
and became fouled , resulti ng i n a cycle t ime of 230 seconds where the prev ious
cycles had been averaging about 70 seconds.

The resu lt s of the stat i sti cal analys is are as follows :

a. From LASH to LCM 8
Mean time wfo RBTS 69.43 sec
Mean time with RBTS 80.00 sec
Di fference 10.57 sec
Two Standard Devidations 16.16 sec

V 

NO STATISTICAL DIFFERENCE
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b . From LCM 8 to LASH
Mean time wfo RBTS 78.75 sec
Mean time with RBTS 79.25 sec

Di fference 0.50 sec
Two Standard Dev iati ons 16.82 sec

NO STAT ISTICAL DIFFERENCE

4.2.2.3 Sea Tests. The sea tests were conducted on 19 October 1 977 off
Normandy Beach at Little Creek , Virginia. The objective was to operate in a
sea state that would result in significant relative motions between the cause-

V way, the LASH barge, and the LCM 8, but would not prevent cargo handling opera-
tions altogether. A desirable significant wave height would have been -in the

neighborhood of two feet, although substantially less was experienced during

the days for which the sea tests were scheduled and conducted .

4.2.2.3.1 Container Handling Test. As in the harbor tests, the primary

emphas is of the contai ner handl i ng tests was the spreader bar placement exerc ises .
Although the RBTS on the 38-B was not specifically designed for the purpose ,

it was used to transfer an empty 20 foot MILVAN container between the LASH barge

and an LCM 8 as a heuristic exercise to demonstrate the capability of the RBTS

to handle and position large bulky cargo.

A sumary of the spreader bar placement exercises conducted at sea follows :

Mean time with RBTS 101 .33 sec

Mean time w/o RBTS 96.67 sec

Difference 4.67 sec

Two Standard Deviations 35.40 sec

NO STATISTICAL DIFFERENCE

4.2.2.3.2 Pallet Handling Test. The pallet handling tests were conducted at
sea in essen tially the same way they were conduc ted for the harbor tes ts descr ibed
in Sec ti on 4.2 .2.2.2.
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The results of the statistical analysis are as fol lows:

a. From LASH to LCM 8
Mean t ime w/o RBTS 79.13 sec
Mean time with RBTS 89.86 sec
Difference 10.73 sec
Two Standard Deviations 12.28 sec

NO STATISTICAL DIFFERENCE

b. From LCM 8 to LASH

Mean time w/o RBTS 94.88 sec
Mean time with RBTS 95.57 sec
Difference 0.69 sec
Two Standard Dev iations 35.86 sec

NO STATISTICAL DIFFERENCE

The resul ts indicate , that under the conditions of these tests which

were :

a.. limited capability of the bas ic crane controls ,

b. minima l training of the cargo handling crew in the use of the
RBTS ,

c. insignificant relative motions , and

d. limited number of trial runs ,

that there was no indication of significant difference in the cargo handling

cycles with or wi thout the RBTS.
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4.3 DISCUSSION OF THE ESSENTIAL ELEMENTS OF ANALYSIS (EEA) AND CHECKLIST
QUESTIONS (CLQ).

Six EEA5 will be discussed . The responses to the checklist questions

were di scussed at the debr ief ing held on 20 October 1977 at the Amphibious
Construct ion Battal ion TWO , Little Creek, Va ..

4.3.1 EEA (1) What are the requirements for placing the crane aboard a
causeway in terms of material and man hours?

4 .3.1.1 CLQ (l.1)~ Describe the additional reinforcing that is required to
support the crane on the dec k of the causeway.

No additional reinforcing is required . Conventional causeway modules have
adequate strength to support the 50 ton crane on it’ s standard crawl ers .

4.3.1.2 CLQ (1 .2) . Describe the overall procedure for mounti ng the crane on
the causeway.

After the causeway i s beached , the crane is driven onto the causeway
(Figure 4-3). The crane is then tied down .

4.3.1.3 CLO (1.3). Describe the facilities , equipment, and time required to

place the crane on the causeway.

Equipment and facilities required are :
a. adequate beach
b. causeway
c. timber matting to assure that there is no metal-to-meta l ‘1

contact, and
d. tie-down chains.

It takes approximately 30 mi nutes to place the crane on the causeway. An

add itional one hour is required to tie down the crane and ready it for operation.
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4 .3. 1.4 CLQ (1.4) Descri be the method and equipment used to secure the

crane to the deck of the causewa y.

Four chains , threaded through pi pes placed over the crawler tracks ,

were secured to the deck of the causeway with load binders . Two cable binders

were crossed on either side (Figure 4—4).

4.3.2 EEA (2) Determine the crane ’s capabilit y to move LASH barge hatchcovers.

4 .3 .2.1 CLQ (2.1) . Describe the hookup requirements (material and personnel ).

V In order to move LASH barge hatchcovers, a 14 foot sling is required

instead of the usual 30 foot sling .~ Figure 4-5 shows the difference 
in the

length of the slings . The shorter sl i ngs greatly increase the effective

operational envelope of the RBTS.

The personnel requi rements are as follows :

1. Signalman
2. Cargo Handlers

4.3.2.2 CLQ (2.2). Describe the probl ems associated with removing the hatch-

covers.

No significant problems were encountered in removing the hatchcovers .

4 .3.2.3 CLQ (2.3) . Describe the problems associated with replacing the hatch-

covers.

Replacing the hatchcovers was l ike threading a needle. There was about

two feet maximum relative displ acement; therefore, cr iti cal al i gnment was
required because there were no guides .
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4.3.2.4 CLQ (2.4). Does the RBTS facilitate hatch cover handling operations?

Because of close tolerances , the replacement of hatchcovers is an operation
that requires precise alignment between parts of the hatchcover and the barge.

The use of the RBTS provided more control of the hatchcover and fine positioning

capability . This was particularl y evident after repeated attempts to replace the

hatchcover with the RBTS over a 20 minute period . When the RBTS was employed , the

hatchcover was properly placed on the first attempt .

4.3.3 EEA (3). Determine the crane ’s ability to transfer palletized cargo
between LASH barge and LCM 8 and vice versa.

4.3.3.1 CLQ (3.1) Describe the problems with hooking up to cargo, with and
without the RBTS.

There was no particular di fference , with and without the RBTS, in hooking
up to cargo.

4.3.3.2 CLQ (3.2). Describe the problems with lifting and swinging operations,

with and without the RBTS.

When the load block and the rider block were in close proximity , the
majority of the load pendulation was el iminated . Additional pendulation was
introduced in this test because the swing drive of the crane was rough in one
direction. The operator had a tendancy to watch the relative positions of the
rider block and the load block to prevent them from “two blocking ” . This took
his attention away from the signalman. It is proposed that a means to safely
allow for “two blocking ” or an automatic rider block line hoist system be
i ncorporated into the RBTS concept.

4.3.3.3 CLQ (3.3). Describe the problems with positioning cargo in the LCM
or LASH, with and without the RBTS.

With and without the RBTS, improved operator visibility of the work area
made placing cargo in the 1CM 8 a smoother operation than placing cargo in LASH.
The signalma n on the LCM 8 indicated that with the RBTS he could more accurately
position the pallet in the craft.

4-15

V 
V 

• V  - 
- - V~~~

-V

~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~ ~~~~- V.



V ~~~~~~~~V — — V. • V VV~~~ V V~~~~~~~~~V. V V _ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -

4.3.3.4 CLQ (3.4). Would pallet handling operations be enhanced by a

longer or shorter boom?

A longer boom would have been more effective with this particular rider

block because it would increase the effective operational envelope of the

rider block.

4.3.4 EEA (4) Determine the crane ’s ability to transfer containers between

the LASH barge and 1CM 8 and vice versa.

4.3.4.1 CLQ (4.1). Describe the probl em with hooking up to a container in

the LASH barge.

The crane operator could not see the operati ons i n the LASH bar ge , which
made positioning a probl em with and without the RBTS .

4.3.4.2 CLQ (4.2). Describe the problems with liftin g the container clear

of the LASH barge.

The crane operator had to lift the container carefully because of the LASH

barge dimensions. The full operati onal envelope was required to lift the con-
tainer and spreader combination clear of the LASH barge.

4.3.4.3 CLQ (4.3). Describe the problems with swi nging the container, wi th

and without the RBTS.

No significant probl ems were noted . The contai ner was swung in a very

controlled manner with the rider block. Thi s evolution was not performed with-

out the rider block.

4.3.4.4 CLO (4.4). Describe the problems with positioning the conta i ner in

the LCM, with and without the RBTS.

There were no significant problems with positioning the container in the

LCM using the RBTS. This evolut ion was nct conducted without the RBTS.
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4.3.4.5 CLQ (4.5). Would container handling operations be enhanced by a
longer or shorter boom?

A longer boom would have been more effective with the rider bloc k be-
cause it would increase the effective operational envelope of the rider block.

4.3.5 EEA (5) What are the real and potential safety hazards involved in
this test?

4.3.5.1 CLQ (5.1). List all actual and/or potential safety hazards noted
during all operations.

No safety hazards were observed that resulted from the RBTS concept; how-
ever, the tagline payout control (described in Section 2.4) was somewhat jerky
and introduced some radial pendulation . Duri ng preliminary excercises in the
ra in, the crane hoist brakes became wet and stuck , preventing l oads from being
lowered slowly . A ladder was needed for the cargo handl ers to get In and out
of the empty LASH barge. The very short pallet slings requ i red that the l oad

block be lowered to head level during hookup, which may have been dangereou s
had significant pendulation been observed .

4.3.5.2 CLQ (5.2). How effective was the RBTS in reducing the hazards of
pendulat icr?

The RBTS reduced the lateral pendu lation during load positioning .

4.3.6 EEA (6) . What are the human factors aspects of the RBTS in an operational
env i ronment?

4.3.6.1 CLQ (6.1). Describe the change in the complex i ty of crane operations
because of the additiona l RBTS controls.

The complexity of the crane operation is increased by the addition of the

RBTS controls. After the implementation of the hydraulic tagline brake release ,
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there were a total of three new control levers added to the crane (tagliri e
winch , tagline release , and rider block line) doubling the number used for
standard crane operations (load hoist , boom and swing).. Additionall y, because
all five motions are directly dri ven by the output of the torque convertor
and because the relative responsiveness of the controls are not the same and
vary somewhat throughou c the operational envelope , engine speed must be continually
adjusted to maintain optimal control sensitivity . For example , luffing the
boom is best performed with a wide open throttle , while tagli ne operati ons near
the boom require a relatively slow engine speed.

4.3.6.2 CLQ (6.2). Compare the level of stress under which the operator and/
or signalmen work with and without the RBTS.

The additional complexity of the crane controls contributes to the level
of stress under which the operator must work. Further compl exity is i ntro-
duced by the signalman/operator comunication system. Basic crane signals can
be given with three easily distinguishabl e signals for the hoist , boom and swing .
The taglines and the rider block line require additional signal s that are easy
to give and distinguish. It was decided to adopt wel l known ANSI signals
and modify their meaning slightly to fit the requirements of the RBTS.
The signal for telescoping hydraulic boom extension and retraction was chosen
for the tagl i ne, and the signal for auxiliary hoist was applied to the rider
bloc k line. Figures 4-6 and 4-7 present the ANSI Standard Hand Signals.

Probably the largest contribution to the l evel of stress of the signalmen
and operators i nvolved was the increased number of decisions that have to be
made while using the RBTS. This point merits further analysis. Consider a
conventional crane operation with a requirement to move a l oad from point A to
point B in three dimensional space. The standard crane has three degrees of
freedom (hoist, boom , swing), and therefore, there is only one combination of
motions that will compl ete the move. The decisions to be made are reduced to
the order in which these motions will be performed . Given the same operation
with the RBTS, a mechanical system with five degrees of freedom , there are
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Figure 4-6. ANSI Standard Hand Signals Used for Conventional Crane Operations
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Fi gure 4-7. Additional ANSI Standard Hand Signals Adapted for Use

with the RBTS
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theoretically an infinite number of combinations of control sequences that will
effect the desired move. This , along with the nonlinear interactions between
the RBTS controls , leads to a more difficult and stressful decision making process.

Al ternatives , such as redesign of the controls so that the boom luffed
automatically in response to extremes of tagl ine tension , are currently being

examined as viable means of facilitating the operation of the RBTS.

An optimistic outcome of the debriefing was the unanimous consensus of the
personnel Invol ved that with some classroom training and more fiel d practice
(approximately 20 hours per man), the system opera tion cou ld become almos t as
natura l as dr i v i ng a car.

4.3.6.2 CLQ (6.3). Describe the l evel of training required for an experienced
crane operator to become proficient with the RBTS.

A military operator has a minimum of seven weeks of training in the basics
of crane operation. On the job training continues beyond that. The rider bloc k

test was fortunate to have one very exper ienced military opera tor , who began
working with the crane during the acceptance testing at Ft. Belvoir and continued

throughout the tests at Little Creek , and he became fairly proficient with the

RBTS. Two other experienced military crane operators, with a brief introduction

to the RBTS , also participated in the tests at Little Creek. The genera l con-
sensus was that approximately 20 hours would be sufficient to familiarize an

ex per ienced operator with the RBTS.
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SECTION V
CONCLUSIONS

Sea conditi ons ava i lable , within the time frame allocated for the
sea tests , were wave heights of less than 1-1/2 feet. The resulting motions
were not great enough to require or adequately demonstrate the full capabilities
of the RBTS . However , a number of conclus ions can be d rawn from both the data
and the experience resulting from the preparation and execution of the test as
a whole. Of particular significance was the fact that the RBTS can be retro-
fitted to a standard , coninercially available , mobile crane .

In spite of the control problems , peculiar to the design of the crane
available for this prototype, and the limited indoctrination of the cargo
handling crew to the RBTS concept , there was no significant difference in
cargo handling productivity . It appears that the performance of the RBTS

would be significantly improved when the crane operators and signalmen are
given adequate training, and the RBTS controls are effectively integrated
i nto the crane.

Stresses in the boom due to side l oading were significantly reduced by
the use of the RBTS , as indicated by strain guage data . These stresses have
been a major limiting factor in the use of cranes afloat.

Finally, the RBTS proved to be very hel pful in the task of replacing
the LASH barge hatchcovers at sea. This operation , because of the c l ose
tolerances i nvo l ved in al ignment of the mating parts , indicated that the RBTS
provided an increased l evel of load control in a dynamic environment. V
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SECTION V I

RECO*IENDAIIONS

Based on the results of the RBTS DT.-IIE test, the followi ng recommendations
are made.

1. A full scale RBTS should be built and installed on a COTS capable
crane. During the design of this unit , attention should be given to the following
features :

a. Integration of control functi ons from a human factors standpo int.
b. Sel ection of a wi nch unit that will provide a smooth , control l ab le

actuation of the taglines.
c. Redesign of the rider block and/or hook block to al l ow “two

blocking ” of these units without damage, and the development
of an automatic rider bl ock line hoist that will take up
the slack in the rider block line when this occurs.

d. Elevate the attachment points of the tagline outrigger sheaves
to increase the operational envelope , if lifts above the leve l

of the crane are to be performed.
e. Incorpo rate a rider block position indicator or other means of

providing the operator with an indication of load radius.
f. An audible warning system for excess tension in the taglines .

2. The testing of the full scale RBTS should be conducted under conditions
of significant relative motion as descr ib ed i n the COTS operational requi rement.

3. A formal training program should be conducted for the operators and
si gnalmen in how to make most effective use of the features and advantages in-
herent in the RBTS.
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Nook Mock end buck.tn InctIIdod 4 working ~~ iqIu ~~~ ~~~~~~ 
ihi ppi~~~ 

Swiflel Sp~.d 3-5 p.m. Plopel $F.ood 095 m p h .
weIght. bIll fbI 40 do.n~aIjc 1.1 witiglil . Sp..dII and line ~.ulli .01.4 nIt didlit high4.. loto Ils COil-

— ~~~~ — _ _ _  -- - - 4*CI•1 dciv. Ophr.sI.4444 . e  1_Il l-.ad ~pced ol ilh ~C. I~CCsI .11a14.

~N’han totq ii . C-Oil s -r IOT a .~. t.,IInq at 14111 1I~~i I  - —c  pulls
QIC oppleIiiflaIOiy 220 pot C~,II 01 has, v how n n I Oh .

POW E R SPECIFICATIONS ____________________________________

M.jk. 
— 

CM I CumenIni C4IInCPIIICC CRANE

Mod.I 1.1% N THi ZSo.L P D.333.Ct HOi.I drum, groe.,d R H.)... .20 in. P. Die.
______________________________ 

Di.a.l DiNg! _‘ici.I NO.41 rap. iii.. Dia.
Type of Drive ?Of. ~~ v . Tor. Cony . Tar. Con. . Aug . 140111 dnuih. gr vod ILK.) 22~~ in. P. Dio.
Cy PInd.r, I I $ AUL heidi rap. I IA. Dia.
Ion x u tah.. inchi. 44*5 S’ i *1 4’, s$ 25 th. P. DI.~~. drun’1.. opttanai
DiapIacsns.nt. Cii. in. 425.1 855 $31 loom palm sh.ouo. 2) - - - - 20 in P. Die.
RcI.d for •xc ovatc, i.c. c. at -

lull load spied of out put thal t
Output ihalI spu d RPM. 3315 1313 ISIS
Otispul utah ~lie HP. 45 tI 41 

I I

Fuut 4045k OOPOVLIYV q~ ls. 115 155 HOISt 4TWn. qTooved II. 14). 22~ t . P Die,
C,eiifrco.. capacny. gnu 21 U 24 HeIdi top.. I pant I iii. Die.
CoolIng syst.m capactiy. gala. Ii 21 II Drag drum. graov.4 IR.H.). .22’ i in. P. D.n.
Slettleq 12V-ESIctrhc l2VE1.ctnic 1 V  E~~ inc Drag rep.. i-pan 445 040.
AItIlud. tong.. liii 0-4 .000 0-6. 900 0 - 10000 8001* petAl 11.10.1 (1) 20 IA. P. Dia.

B-i 

-.  _~~~~~~.
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.38-B C R A N E

4i TON CRAWLE R CRANE (CLASS 12 . 154 )

MAXIMUM AUOWA I.LB tOADS IN POUNDS — CRAN E SPIVIC1
Boom

So.. Boom Point Long
La.qtk Radius Angie Pin Standard Cra-’ien Crawler

Is In In Ifuiq ht — —

Foot t.st Ooqre.s itt . fn.i Clwt. W I  Ciw l. W-2 CIWI. W.2 V

— 12 80 5 0 6  
- 

63.600 ‘
~~77~70O d2~~0Q

15 71 50 0 44 .700 54,700 58 .000
20 70 48 6 29.500 36.300 31.600

43 25 63 45 3 I 21.900 26. 900 :8 .ooO
30 56 43 3 17.100 2 ) 2 00 22 600
35 47 31 3 I ii 000 17 , 400 P8,500

40 36 33 9 I 11. 700 14 . 700 5 600

IS 76 s~ 0 T’ 14 500 51.S00 ~i 8D0 
HOOK ILOCKS

20 72 53 9 29.300 35.100 38.300

30 25 65 Si 9 2 1600 26. 700 28 300
30 59 49 3 16. 300 2 3 0 00 22.100 No. 78 Dug. 82 Dug W. ,qht
40 43 4 3 6  11.500 14 . 000 _~~~~~~~ _  Capacity Parts Ft. Crt .h (Fe . !n.i Poii nds l
IS 80 65 3 14.200 2-1 . 300 57 .500
20 75 64 3 23 :00 25.100 38.100 S Ton 1 4 0 4 0 220

25 70 62 6 21.300 26 000 29.100 29 Ton - 7 0 7 0 425

30 65 60 6 16. 300 20.900 22.100 40 TOn 1 12 0 13 0 910

40 54 54 6 11 .200  14.200 15.200 sO Ton o 12 0 32 0 3.090

50 II 45 3 8. 250 10.500 11 .300

55 II 75 6 4 1 . 000 54.000 57 . 300
30 71 71 6 28,1.00 33.600 37 800
25 73 73 3 - 21. 100 26.200 21.000

~g 30 $9 7) 5 16. 400 20.500 21.900
40 SO 6$ 5 11000 14000 14 .900
50 50 03 6 3.000 10300 11 .000
50 38 49 0 _ I O ~~~, -— 

flSO 9 . 550 St ‘I’
— 

20 79 84 9 26.600 35 .400 37 600 5°
25 75 83 6 20. aoo 6,000 27 .60 0 / Sr
30 11 82 0 15,200 20.300 21.6 00 I

80 40 54 18 10.700 3.700 (4 . 700
50 55 73 7 .750 10.000 10.800 ‘~~ -

60 46 63 S tUD 7 .700 8.300 5°

— ~~~~~~~~ ~~~~ 
52 3 _ _,~j j ~0_  _J,~Q

�Q_ ~~~~~~ -. -

20 80 35 28.300 35.100 37 . 400 ‘0
30 74 92 15.900 20.000 21.900 7 , It’

40 67 89 10.500 13.900 14.400
30 50 60 34 7.500 9.800 30.500 2

60 52 71 5.550 7.450 0.100- 70 43 68 4.250 5.850 9 . 300 I

— 
90 33 55 

— 
3 250 4 .650 5 100 it ‘

V .

20 $2 33 5  21.800 34.700 36. 900 -

30 77 113 30. 400 19.000 20.900 • ,~ - ,

40 7) 110 10 .200 13.000 3 3. 900
SO 6$ 308 7 000 9.300 10.100 B . —

110 60 60 103 5.100 5.950 7 .400
70 53 94 6 3. 150 5.350 5.850 1*
SO 47 9$ 3 2.750 4 ,15 0 4 , 600 - ~. -r
10 39 iS 5 2.000 3 .2 00 3.600 -.v ~~ 2’. ~~~~~~ ~~

IOU 30 60 5 1. 400 2. 500 2.350 
. 

\ ~~~~~ ~~~~~ 
.
~~ ~~

—  ———a  .5 / 4 V.

HOIST TACKLE .5 I . 
~~~ 

~~~ V

of ho.ul Iuukle i4• 415 i~ hlaw: I3oads n pbundsl: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \

\

\ \1

\
Th. lnczim um all3w ce b le load Icr a sIngl, part hA.  On Ike .

~ ~~~~~~ 
~~ 94 ~O 4 1 4 0  SI lO 45 ‘Ci rt 40 N no -n ~~-o -n ‘0 at

Ouuihiiiy hoist Iiiio .s 15.11(40 pounds. - ~~~~ If~~~I i5°5 Clviii 41 IOS..~~~ a4rt ~

Ifook 3locks : ~“ -
S To. vol j ltt . 5 S .~k lot jib woi q hs 220 lbs. -. ~t123 Ton swiv ~I. 1411910 11.5- lye . h,ioli block wei ghs . - 425 lbs.

10 Ton sw icel . da -blo ih.ac. . ~t.,Ck block wo ~ql.s. - 910 lbs .
10 Tan ,s’NivOI. Ir,p la shuevi . hook bloc k s.qhs. .1050 lbs.

lit. ~bo.e ratin gs apply only to mu~hin., Ihat on. Ia..i and slan din g on hord lec.i ,inilotm ,lippo ,elnq IIliiCCS

I~~~. d i M  b. Ireofy siiipindld . ThO radii s~ e~~I,Id ore lond.d mail . Wei.,hIs oh hoo k h.~~k Slack. s i log —‘5.5 all

- hat load handling and loa d indicating dovi ces a,. to b. colSsIdO!.III dare of Ill. (0.24. Peop.t car. fl.iI b~ Ci , lC -tld

1 4 the apetutor or all I~4O.S tO ai.o,d Ihock at i.d. lonretings OIl (Ic hnom iollnq s ipply ~~.iy 10 ,.ich cos honing
I ‘0ith 0 fu ll CINS colt di ltoft h’ ,i ,lt .~na r.i--”mmendod 11y B ucyri s Cr4 0 C9m p’ny.
I i.d. do sot ess .rs’d 75 pirculI ol lpp Ing cads w i l t  ‘he - ....~c I~4 l o  n ft . 041.4 .t ,Shi posIhl.2n .n ~ec..ondOnce a h 73. S.

(~cplilitCAt J C”I’V I5ttc~ COI,IfliO,Cloh LuUIIdUt3l CS 20 55 .

8-2
I~~~~ 
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APPENDIX C

DETAILED TEST DAT A
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V.V.

401

J E E P  H A N D L I N G  TEST DATA SHEET

Radius of Point A 36 (ft)

Rad ius of Po i nt B SQ (ft)

Opera ti on T ime (sec)
With RBTS Wi thout RBTS

A to B  44 4 7

Bto A 46 40

A to B  4 1 44

Bt o A 42. 4!

A t o B 3q 38

B to A  35 38

A t o B 38 35~
B toA 3! 34.

c-I
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PEND ULAT ION TEST DATA SHEET

In Pl ane ~~ Out of Plane

Test Weight 5’~0O (l bs)

Initial Load Offset Below R.8. 16 ”

Tens ion Data ( ib s)

Left Tagline Rider Bloc k Right Tagline

Static 500 400 300

Offset 400 300 aso

Maximum 1400 500 !2.0O

Mi nimum 500 100 300

Boom LenS+h~~7O’

it ]
~~~ - 25~.6 ’

/ / 3.2 ’

r777r7~~~~~~~~~~~ 777~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Static Test Conditions

- 

V - - 
- 

C-2



PE~DULAT ION TEST DATA SHEET

In Plane ~~ Out of Pl ane

Test Weight 5800 (lbs)

Initial Load Offset Below R.B. 12-”

Tension Data (lbs)

Left Tagline Rider Block Right Tagline

Static 1100 300 600

Offset !2~~ 300 250

Max imum /2.00 300 /1 00

Mi nimum eOO 300 300

Boom Ler~9+~~ 70 ’

, 43°

~~~~~~~~~~~~~~~~~~~~~~~~~
-r777-r7

~~~~~~~~~~~~
r71

j ri r ~~m7~rr 7

Static Test Conditions

C-3
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CONTAINER SPREADER BAR PLACE MENT DATA SHEET

HARBOR

Run #1 v.JJ P.~~TS

Run #2 W/cu7 ~~3T5

Run #3 W / R ~~TS

Tra ns fer T ime (sec )

Trial Run #1 Run #2 Run ~3

1 4:2.0 1: 57 1:04

2 2:15 1:2.2. 
_ _ _ _ _

3 ~:43 j
~~~0 _ _ _ _ _

4 a 3 0 :50 
_ _ _ _ _

5 1~ 13 :4~ _ _ _ _ _ _

5 J 0 6  / : / 0  :~ ‘3

SEA

Run #1 wi RI3T.S

Run #2 wfou+ RBT3

Run #3

Trans fer T ime (se c )

Trial Run #1 Run ~2 Run ~3

I 2:05 2:00 
_ _ _ _ _

2 1 2.O 1:20 
_ _ _ _ _ _

3 I:4g 
_ _ _ _ _ _ _  _ _ _ _ _ _ _

L 4 1:33 1:40 
_ _ _ _ _ _

5 2.40 /:30 
_ _ _ _ _ _

L L - :: 
~~~~~~~~~~~~:: -

~~~~~~~~~~ -----V
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PALLET HANDLING TEST PROCEDURES AND DATA SHEETS

~~ Harbor Sea

Palle t Description 2000 lb. ‘ocod on ,s~d. wood pcilJet.~

Run #1 w/o t.if P~~TS ~ Li~~~~ ~~
Run #2 ~~/ovf- RBTSI LCM9 ~ Lo~S~
Run #3 ~~ij4, PISTS ~~~~ -

~~ LCM8 _ _ _ _

Run #4 w~+~ RBTS)l.CMB~~Losk

Cycle Times (sec )
Operations Run #1 Run #2 Run ~3 Run #4

hook over load #1 0 
— _ _ _ _ _ _ _  0 0

load leaves ground 37 IS 3! 30

begin swing 50_ 25 55• 45
stop swing 

_ _ _ _ _ _  35 j:pj 
_ _ _ _ _ _

load touches down 1:26 1:I7 j:z3 11S
return swing begins j;55 1:5p 

_ _ _ _ _ _  _ _ _ _ _ _ _

hook over load #2 a:Zo 2:00 ?_:oj 235

load leaves ground 2:50 2:30 p:30 2:52
begin swing 3:2.0 232 Z :45 ‘3:01

stop swing 3:27 2:43 z:s& 3.,7
load touches down 3:35 3:40 304 3:36

re turn  swing begins 3:55 4:00 -‘3:30 405

hock over load #3 4-25 4~as 3:4~ 4:2.4
load leaves ground 4:5Q 4:55’ ,~3:55 4:53
beg in swing 5:10 5:~o 4 : i ~ 4 : 5~
stop swing _ _ _ _ _ _  5:25 4:42. 5: ,e
load touches down 5:a~~ 

- 

(~:~ ./ 4:55 5:4g
return swing begins 5.45 7:47 5:08 6 : / 8

C-5
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(Continued )

Run ~l Run ~2 Run 3 Run 4

hook over l oad ~4 6:10 B:Ia 5:5p é:43
loa d leaves g round 635 8:38 6:10 7:gf
beg i n sw i ng (,‘5p 8:40 e:zp 7:10
stop swing 7:00 s:,cg 6:35 7;23
loa d touches down 7:10 ~:2o 6:4! S: iZ
return swing begins 7:3~ q:53 7.05 

_ _ _ _ _ _ _

hook over loa d #5 8:20 ,o:z.ç 7:,ç5 
_ _ _ _ _ _ _

load leaves groun d ~:~ç 10:36 ~ :i5 q:4q

begin swing 9.o5 /0:45 g :pp 
_ _ _ _ _ _

sto p swing 92.0 11 :/p 9:25 /OH6
l oad touches down 9:32. /1 :32 9:3p jp:55

return swing begins /0:35 /2:00 /o:os /1 :26
hook over loa d ~6 /1 :og 12:36 10:46 //:47

load leaves ground ,j :25 /2:45 //:2.0 12 07
beg i n sw i ng JI:43 12:55 ~j:33 12:/c
stop swing 12:00 13:;ç J/:47 12 31
loa d touches dcwn , a :j 5  /3:4p ia:oj /3:03

return sw i ng beg i ns ,a:s~ 14:06 iz:z0 /2:40

hoo k over load ~7 _ _ _ _ _ _ _  /4:32 iZ:ga 
_ _ _ _ _ _ _

load leaves ground /3:55 /4:55 i3:i4 _ _ _ _ _ _

begin swi ng ,~~:jp j5:pp 13 :32. ~434

stop swi ng j~~:po /5:,ç j 3:4p 14:49
loa d touc hes down 14:22 /5 46 13:56 15:/S

return swing begins j4:50 16:30 /4:ZZ /5-40

hook over load =8 is:so jj,:43 ~5:p g 16 : /p
loa d leaves ground Iq:p7~~ 17:07 15:33 !~~37
begi n swing ig:3p J7 :~5 j~~~:47 _ _ _ _ _ _ _

stop swing Iq:35 /7:~ p J~~:p3 17 00

load touches down J~~40 /7 47 /7:/p 17:/p

C-6 
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PALLET HANDLING TEST PROCEDURES AND DATA SHEETS

fl Harbor ~~ Sea

Pa l l e t Description 2000 1,~ io~id ôr s+d. ~~~~ paI1et~

Run #1 L~/o u4 Rf3TS L.cr~~ — LCMS
Run #2 ~~I~ u+~~ RTS 1 LCM8 ~~Las~
Run #3 ~~ 4, RBTS J ~~~~~ ~~LCM~~
Run #4 ~j i + k R3T5J LCM8 -~‘Lo~sh

Cycle Times (sec)

Operations Run =1 Run #2 Run ~3 Run #4

hook over load #1 
_ _ _ _ _ _ _  0 0 _ _ _ _ _ _ _

load leaves ground 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  40 35

begin swing 50 30 /~Ø0 1:05
stop swing j:pç 45 j : j 5  

_ _ _ _ _ _ _

load touches down i:z5 1:30 200 * l45~~
return swi ng begins 1:40 2:00 2:30 .3:25
hook over load #2 2 ! oo 2:2.2. 4:00 3:3!
load leaves ground 2 :30 3:35 4:19 4:45

begin swing 2:45 3:45 4:40 5:o3
stop swi ng 3:go 4 :~ p 4:50 5:20 

V

load touches down 3:~3 4:25 5:io 6:15
return swing begins 3:32. 5~o3 5:30 7:pS
hook over load #3 3:52. 52c 6:10 7-20
load leaves ground 4:30 6:/s 6:55 7:55

begin swing 4:5Z~ ~~~~ ~7:Zo _ _ _ _ _ _ _

stop swing 5:pS ~:4p - 7:35  8:30
load touches down 5:i7 72 5  1:50 8:40
return swing begins 5:32 7:57 8:~o 9 :/p

C-7
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(Continued )

Run #1 Run #2 Run ~3 Run 4

hook over l oad #4 5:55 g:Z5 8:55 q:4p
load leaves ground 6~32 9:53 g : Z5 

_ _ _ _ _ _ _

begin swing ~ :,4g g:p~ ~:5p jp:~7

stop swing i:p5 9:12. jo:pS ~p:35
load touches down -~:~5 9:27 /p:pp 

_ _ _ _ _ _ _

return swi ng begins 8:05 jo :j5 /0:40 /200

hook over load ~5 8:30 10:40 ~~:i5 ,2:25

load leaves ground 9:pp ,~:p5 /1:40 j3:45

begin swing 9:aQ 11:13 j j :~ .ç 
_ _ _ _ _ _ _

stop swing 9:35 Ji:25 /2: 15 ~4 :pp

load touc hes down 9:45 _ _ _ _ _ _  12:30 j5:4$

return sw i ng beg i ns ,p
~~o_ iz:,p i2 45 16 Oo

hook over load 6 /0:37 /2 :50 i3:p5 /6:40

load leaves groun d ,i :jp ,3:jz 13:20 ,7!p5~
begin swing ,,: aS 13:27 i3:5p 17 :12 .
stop swing 11:40 /3 :48 j 4 :/ p  

_ _ _ _ _ _ _

load touches down 11:47 /4 :4p ,4:47 1-7:53
return sw i ng begins 12:10 15:10 jg:ao 19:32
hoo k over loa d #7 iZ :3p ~g:35 15:30 _ _ _ _ _ _ _

loa d leaves ground ,3:/p 16:22 j~~!!0 jg:30

begin swing /3:25 16:30 /6:35 jq:35
stop swing !3:4p /6 : 50 _ _ _ _ _ _  ~g:57
load touches down /3:50 i~~:~ p !7 /O 20:05

return swing begins j4 2.o 19:17 17:22. 20:40
hook over l oad #8 ,5:oo jg:~~ j7 :55 2 1 :00
loa d leaves ground ~5:3ç ,q:3~ jg:30 _ _ _ _ _ _ _

begin swi ng jç :ç 7 jg :3ç J R :37 21 3c
stop swing 16:/p /9:47 is:55 21:45
l oad touches down i6 25 pp:jp J~~2O 2.1:52

C -8
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