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SUMMARY

This program was stimulated by the interest of USAMERDC in the potential use of
plastics ds a contairsrizad cargo container materiai. Specifically, the program
was sponsored by USAMERDC to investigate the feasibility of fabricating 8 by("8 by
6-2/3 foot dry freight containers by utilizing the rotational molding process f’(‘a
encapsulate a metal framework with plastic. It was felt that the successful ufiliza~
tion of plastic in containers of this type would significantly reduce their fotail life

cycle costs.

It was recognized at the outset of the program that the technology required to suc-
cessfully fabricate containers by the concent under investigation was beyond the
industry state-of-the-art. Both USAMERDC and Boeing acknowledged that it weuld
be necessary to generate a sign.ficant amount of original and innovative materials
and process data to develop the concept into a feasible process. With this in mind
the program was organized to provide for the generaticn of original data and to
establish feasibility on a subscale basis. The data generated during the subscale
studies would then be used to establish design criteria and process parameters for the

full size container.

The specific program tasks were as follows:

) Conduct a materials survey and select the most suitable plastic und metal
materials, |

o Design a subscale container and mold,

) Develop a manufacturing process, including a rotational molding cycle.

o Establish concept feasibility by molding subscale containers.

) Design a fuil-size Tricon container to meet the requirements of

MIL-C~52661 (ME) and detign a mold.

o Fobricate framework and mold six full-size containers for evaluation by
USAMERDC.
) Document program activities in a comprehensive final report.
7
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The initial activity in this program involved an in-depth study of the fieid of
containerized shipment of cargo. Available litevature and trade journals were
helpful in providing insight into some of the problems related to containerized
shipment. The entire shipment cycle was studied, including terminal facilities,
equipment and relative costs. Designs of existing dry freight containers and
handling equipment were analvzed. On-site tours of fhe Port of Seattle were
made, and meetings with the authorities at this facility were very.he loful in
improving our total comprehension of this complex subject. A review of
MIL-C-52661(ME), "Military Specification, Container, Cargo, " was conducted.
Design objectives were established and coordinated with USAMERDC,

After a survey of plastic and metal materials, crosslinked polysthylene and steel
were selected for the subscale phase of the pragram. A subscale container and

mold were designed, using stee! as the container framework and mold material,

Four stee| frameworks were encapsulated with crossiinked polyethylene by the
rotational molding process. The encapsulation of the third framework was witnessed
by the Contracting Officer's Representative. Shortly thereafter, cracks were
observed in the plastic portion of the encapsulated subscale containers. Closer
investigation led to the conclusion that the cracks were caused by tensile stress

and were related to the nominal chrinkage of the crosslinked polyethylene., Nomiaal
shrinkage is the shrinkage that occurs during the polymerization of a plastic material,
and is usuully expressed in inches per inch. As a ceneral rule, the nominal shrinkage
increases when the cooling cycle is prolonged. In this case, it was thought that the
cooling cycle, being longer than anticipated, caused the shrinkage of the plastic

to be greater than anticipated. When the plastic encapsulating the rigid metal
structure shrunk more than had been anﬁcip&lted, tensile stress cracks developed in

the plastic,

It was apparent that additional research was necessary before it would be practical
to scale up to a full size TRICON container. The contract was modified by
USAMERDC to add a redesign of the subscale ::ontalner and mold, as well as a
materials study., The number of dellverable full-size TRICON was reduced from six

to three to offset the additional work and to avold increasing the contract price.




The subscale container framework and the subscale mold were redesigned in
aluminum to increase thermal conductivity and reduce weight. Two subscale
aluminum frameworks were constructed and an aluminum rotational mold was
fabricated. Attempts o encapsulate the aluminum framework with crosslinked
polyethylene by rotational molding were unsuccessful. These results were reported
to USAMERDC, It was decided to continue and complete the design of the full
size container and mold, and continue to work the problems of incomplete

encapsulation and cracks during the process optimization study.

A study of the design materials interrelationship, including steel versus aluminum
for the structural members and an analysis o1 different design configurations for
the reinforcing members and sidewall panels was conducted. Consideration was
given to numerous rotational molding grade plastic materials capable of being
pigmented olive drab. As a result, aluminum was selected for the container
framework and the mold. Crosslinked polyethylene was chosen as the encap-

sulating plastic, The design of the full size container and mold was finalized.

A prime objective of the Process Optimization Study was to sstablish the process
limitations. This included studies of plastic flow characteristics during roto~
molding, establishing optimum molding temperatures for various plastics, determining
the obfimum spacing between the metal framework and the mold wall, and
identifying the optimum relationship between metal web width and opening width

on the sidewall panels. The critical thermal rates for heating and cooling were

also determined.

An attempt was made tc encapsulate an additional aluminum subscale framework,
using the ogtimum molding temperarure identified in the process optimization study .
The rotational molding equipment was modified to increase the cooling water
capacity, Despite thase measures, the encapsulation attempt was unsuccessful,
Several areas of the framework ware not covered by the plastic and stress cracks

developed immediately after molding.
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Although mary “enues and approaches were explored, three problems persisted
throughout the program. They were (1) the elimination of stress cracks,

(2) achievement of thorough encapsulation, and (3) a strong plastic to metal bond.
The data generated during the program present a paradoxical situation. Far

example:

1.  Test data generated early in the program indicated that shrinkage of the
plastic could be significantly reduced by shortening the cooling time.
However, the mass of metal framework and plastic could not be cooled at a

sufficient rate with existing equipment to reduce the shrinkage.

2.  The encapsulation studies demonstrated that the maximum metal width that
could be encapsulated was 1-1/2 inch. In order to meet the strength require-
ment of the TRICON container, it was determined that the corner posts myst

he at least 4 inches wide.

3.  The addition of chopped fiberglass strands to the plastic material was shown
tc reduce the nominal shrinkage of the material, However, when fiberglass
of sufficient quantity to reduce shrinkage was added, it was found that the

plastic would not flow sufficiently to encapsulate the metal insert.

It should be noted that this program did produce a substantial body of original data
related to the rotational molding process and rotational molding grade plastics.
This data not only advances the state-of-tha-~art, but can be used to advuntage by
the plastics industry in general, Examples of the type of original information

generated under this program are:
1.  Comparative evaluations of parting agents for the rotational molding process.

2.  Molding characteristics of rotational molding grade plastics.

3.  Studies on preparation of metal surfaces to achieve a good adhesive bond

with rotational molded plastics.

4.  Encapsulation studies, including data on web-opening relationships, mold-
insert spacing, and molding cycles covering a variety of thermoplastic material

and plastic~fiberglass blends,

0
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Techn.ques for rotational molding blends of plastics and chopped fiberglass

strands,

Shrinkage versus percent of fiberglass curves for a variety of rotational

molding grade plastics.”

Shrinkage versus cooling rate.curves for a variety of rotational molding

grade plastics.

As a result of the work conducted under this program, the following conclusions

have been made:

]‘

With existing state-of-the-art technology and rotational molding equipment,
there Is a low probability of successfully encapsulating a full size TRICON
meeting the requirements of MIL-C-52661(ME). While it has been shown that
it is possible to encapsulate small perforated metal panels, it has been amply
demonstrated that the technology is not available for encapsulating a

structural framework in combination with similar panels.

Of the release agents evaluated, the Ram GS-3 fluorocarbon produced the

best surface finish on the molded part.

The CL-100 crosslinked polyethylene proved to be the most easily molded

and best suited to the encapsulation of metal inserts.

The nominal shrinkage of o rotational molded plastic can be reduced by the

addition of chopped fiberglass strands,

The nominal shrinkage of a rotational molded plastic can be reduced by

increasing the cooling rate of the molding cycle.

The addition of chopped fiberglass strands to crosslinked polyethylene alters
the flow characteristics of the plastic sufficiently to prevent encapsulation

of a metal insert,

Aluminum, sandblasted and solvent cleaned, produced the best adhesive

bond with all three plastics tested,

1
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8.  The program was successful in developing a body of original information on
the rotational melding process and rotational molding grade plastics. This
information.advances the state-of-the —art and benefits the plastics industry

as a whole.

The following recommendations are made.as a result of work completed under this

contract.

1. That no further attempt be made to uevelop the capability of rotational

molding a plastic TRICON container by encapsulating a metal framework.

2. That alternative approaches to the development of plastic TRICON con-

tainers be considered.

3.  That the body of information generatad during this program be published,

thereby advancing the plastics industry state~of-the-art,

This document has been prepared at the request of USAMERDC ;o report in detail

all work accomplished under this program to date.

12
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2,1

INTRODUCTION

BACKGROUND

Containerization is the term applied to the large scale unitization of cargoes

by means of reusable, standardized boxes. The beginning of the era of con-
tainerization was in October 1957, when the first fully containerized ship was
put into regular service. Since that time, containerization has had a significant
impact on the economics of cargo transport. Figure 1 shows a typical 8 by 8 by

20 foot dry freight container, sometimes referred to as an intermodal container,

The main advantage of containerization is that a high degree of mechanization
in loading and unloading of ships is possible, which greatly increases efficiency
and speed of cargo transfers. This point assumes even greater significance when
it 1s noted that lopding and unloading represents 40-50% of the total cost of
shipping a cargo from its point of origin to its final destination. Because con-
tainerization results in lower cost per contalner handled, 1t has had phenomenal

growth,

The various branches of the U, S. Armed Forces have been quick to recognize
the potential benefits of containerization to milltary cperations. The use of
containerized shipment in military operations rapidly translates into (1) shorter
flow time of critical supplies from point of origin into combat areas, (2) spsedy
cargo handling, consequently faster turn-around of ships, (3) less ships required
to transport the same volume of cargo, (4) decrease of supplies required to be
stored overseas {strategic reserves) and (5) greater economy in transporting

military cargo.

A study sponsored by the U. S. Army Mobility Equipment Research and Develop-
ment Center, Fort Belvoir, Virginia, was a milestone in placing the present
state-of-tha~art of containerization in its proper perspective. The final report,
ent itled "A Critical Analysis of the State of the Art in Containerization"

indicates that maintenance and refurbishment costs on containers meet or exceed

13
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FIGURE I

TYPICAL INTERMODAL CONTAINER
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the originai purchase price of the containers. This has led to an interest on the
part of the U. S. Armed Forces in developing containers with lower life cysle

costs.

Further study of presently utilized containers indicates that most are made of wood,
steel or aluminum. Containers fabricated with these materials have certain
obvious discdvantages, such as susceptibility to rust, corrosicn, electrolysis, dry

rot, insect attack, and impact damage.

The use of plastics as container materials offers an outstanding potential to reduce
life cycle costs. They are capable of performing the functions of containment and
protection under extreme environmental conditions such as temperature extremes,
severe impact, vibration and compression loads, exposure to acids and chemicals,
and L'V and IR radiation. These characteristics indicate that plastic containers offer
an increased life span and lower maintenance costs than containers made of con-

ventional materials,

Containerization, when applied to military logistics operations, presents some
unique problems uncommon to commercial cargo transport operations. While there
is n> firm policy with regard to military container requi rements the following

general requirements stand out as being important.,

A.  Rapid loading and unloading, The ability to quickly load and/or unload

ships during military operations is desirable.

B.  Maximum access to cuntainer contents. Upon its receipt by the user, the

container may be used as a field storage bin, Consequently, the more readily
accessible the conteits, the more suitable a container is for military

applicatlons,

C. Intermodal. A militasy container must be truly an intermodal container. In
a contingency, containers would be transported within the heavy airlift
logistics system as well as by sea and land transport means, Atrcraft such as
the C-~130, C-141 and C-5 would be utilized. Containers must be compatibie

with the 463L aircraft handling system currently in use. In considaring air

15
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shipment, the tare weight of the container becomes an important consiaera-
tion. In forward areas, where large handling facilities are not available,
containers must be capable of being transported by helicopter and available

ground vehicles.

D.  Break-bulk requirements. The military logistics systems have provisions for

receiving area/break bulk points where goods are separated and routed to
field users. These points are normally located near major terminals, Suppliers
going to the field may be transported by truck or, in difficult terrain, by

helicopter.

To meet these special military requirements, the U. S. Army has developed the
TRICON concept, whereby the standard 8 x 8 x 20 foot container is divided into

3 units 8 x 8 x 6-2/3 feet in size (see Figure 2). The unit has full access double
doors with standard commercial locks and hinges. These containers can be coupled
together in groups oi three to form a standard 20-toot container. The frame of the
container has sufficient strength to withstand the loads imposed when TRICON's are
coupled in groups of three and handled as a 20 foot unit, Corner fittings at each
of the eight corners of the container provide easily accessible external handling

and tie-down locations.

As o manufacture of commercial and military aircraft, Boeing has been closely
associated with the development of intermodal containers and has worked closely
with road, rail, sea and air operators on a number of national and international
carrier committees. Recognizing the potential advantages of plastic intermodal
containers, The Boeing Company assigned its engineers the task of developing a
plastic intermodal container concept applicable to the U. S. Army TRICON program,

as well as the commercial containerized shipment industry.

THE BOEING TRICON CONCEPT

The TRICON container concept developed by Boeing involves the use of the rotational
molding process. The rotational molding process is simple in principle. A pre-
determined amount of plastic material, ir. the form of a finely ground powder or
liquid, is placed inside a mold which is then completely sealed, The amount of
plastic material in the mold determines the wall thickness of the part, The mold

is placed in an oven and heatec 1. a temperature sufficient to cause the plastic
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to fuse to the sides of the mold. The mold is rotated simuitaneously on two axes
while it is in the oven. The piastic material tumbles inside the mold and forms
a uniform coating on the inside of the mold. The mold is then cooled, openred,

and the part is removed. (See Figure 5.)

The Boeing Tricon concept consisted of utilizing the rotational molding process
to completely encapsulate a metal structural franework, This involved fab~
ricating a simple metal framework, adding expanded metal or wire mesh,

positioning it inside the mold along with a charge of plastic, and rotational
»

v

molding the container. (See Figure 4.) By this means the fromework becomes
an integral pert of the container. [t was planned that provisions could be made
for integrally molding jiserts which would later serve as attachment points for
handles, couplings, hinges, ond other required hardware.

It was felt that a container of this type would cffer the following advantages

over existing containers:

1. Low maintenance requirements.

2.  Seamless, therafore watertight.

3. Strength and durability,

4, Resistance to corrosion and, or other effects of chemica!s and
weuthering.

5.  Elimination of the neec for decorative or protective painting through

rigmentation of the plastic.

This concept was presented to the Materials Handling Equipment Branch,
U. S. Army Moblility Equipment Research and Development Center, Fort Beivoir,
Virginia, in Technical Proposal D6-22235, entitled "Plastic Sealand-Air

Containers, Tricon Concept." In this document It was pruposed that a research

and development program be conducted for the purpose of determining the
feasibility of this concept and fabricating both test and prototype hardware .

) AT
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PROGRAM OBJECTIVE

C‘ontrccf DAAK02-71-C-0201, "Rotational Molded Plastic TRICON Containers"
was awarded to The Boeing Company. The main objective was to establiish the
feasibility of making dry freight containers by the proposed method. This

objective was to be accomplished by making both subscale and full-size containers.

Specific tasks required to meet the program objective were as follows:

1. Establish container strength requirements.

2,  Select optimum rotational molding grade plastic,

3.  Selact metal framework material.

4,  Designa subscale{4' x 4' x 3') TRICON container.

5.  Design and fabricate mold for subscale contalner.

6.  Demonstrate process feasibility by rotational molding subscale containers.
7.  Conduct on engineering review of the subzcale container,
8.  Design rull size TRICON contalner,

9 Design and fabricate full size mold.
10.  Mold six (6) full size TRICON containers,
1 Submit full size containers to USAMERDC for evaluation.

12, Prepare final technical report and other appropriate documentation.

Tha program was to be conducted in four phases over a period of twenty -four
(24) months,
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INVESTIGATION

PRELIMINARY INVESTIGATION

Problem Undarstanding

The first task undertaken in this program was the deve lopment of a bondy of
information related to containerization that wouid provide a basis for the
materials selection and design effort to take place later in the program. it
was the expressed desire of the Contracting Officer's Representative that we
have a thorough understunding of containerization in general, as well as an
insight into some of the less obvious, bui important, problems faced by the

container industry.

Initially, a review of trade journals and available documents on containeriza-
tion was conducted by the engineers assigned to the program. Attachmant B
to the contract, entitled "A Critica! Analysis of the State of the Art In Con-
tainerization" proved to be the most comprehensive and complete body of
information available on’the subject of containerizatior. This document was

referred to frequently during the course of the program,

The personnel assigned to the contract also made visits to the Port of Seattle
for first~hand observation of container cargo handling methods and equipment
used in loading and unloading of cargo ships. Discussions with Port of Seattle

managament were very helpful in identifying problem areas. Damage to

_various containers was observed, and photographs were taken to record the

extent of domage, cause of damage, and container material and construction.

The contract and Attachment | to the contract "MIL-C~52661 (ME), Military
Specification, Container, Cargo, " were thoroughly reviewed, Although the
specification covered a 20 foot container and did not specifically apply to the
TRICON container, design load requirements were calculated (see Figure 5) .
These roquirements were reviewed and approved by the Contracting Officer's

Representative, They thereby became design objectives for the rotational
molded TRICON container,
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UNIT AND LOAD

" 1YPE LOAD

Stacking Load test 77-]/2 Inch unitto 26,879 pounds gross weight. Apply 100,800 pounds
S | vertical load (8) to each top corner fitting In turn. Load S = 100,800 pounds
Lifting Couple three 77-1/2 lnch unlts together, Load to total gross welght of
From Top 89,600 pounds. -Lift by the 4 top corner fittings using hooks In end Koles or
T | sidé holes, Losd T = 22,400 pounds
Lifting Couple three 77~1/2 Inch units together, Load to total gross welght of
From 89,600 pounds. Attach sling to side holes In bottom corner fitting with line
Bottom of action at 30° to the horlzontal, and Iift, load L = 22,400/sine
L | 30° = 44,800 pounds. Vertical component = 22,400 pounds, horizontal
component = 39,000 pounds,
Herlzontal Coupls three 77-1/2 Inch units together. Load to total gross welght of
Restrolnt 44,70 pounds, Apply a compression load B, and then a tenslon load to each
B | lowar side rall inturn. Load B = (1.25) (gross welght}) = 56,000 pounds.
Floor Load (1) Load floor to a uniformly distributed load of 30,000 pounds  (2)-Load
| floor to a concentrated load of 6000 pounds over an area 3 x 7=1/3 inches.
Roof Load Load roof to 660 pounds unlformly distributed over 12 x 24 Inch area.
Wall Side (1) Apply a unlformly dlstributed load of 5460 pounds to elther the R, H, or
Load L. H, end wall, (2) Apply a unlformly distributod load of 8100 pounds to the
W | door side and the blind side In turn.
Racklng Restrain contalner through bottom corner fittings. Apply a comprasslon and o
R | tenslon load laterally and longitudinally, In turn, of 35,000 pounds to euch top

corner fltting in turn,

FIGURE 5

TRICON CONTAINER LESIGN LOAD REQUIREMENTS
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3.1,2  Plastic Materials Evaluation

The first step in the evaluation of plastic m,dferials for the TRICON container was

/ . 3 [ b d
to determine which materials were produced in rotational molding grades. This

exercise narrowed the field to 8 candidate materials; linear polyethylene, cross-

linked polyethylene, Nylon 11, lenomer, polycarbonate, polysulfone, acetal,

! and polyvinyl chloride, Technica! data sheets were obtained from materials

suppliers and the comparative property charts shown in Figures 4 and 7 were made.

The next step was to establish criteria for the selection of the optimum plastic

-~

material. The following criteria were selected as being most important for the

successful molding and subsequant in-service performance of a plastic TRICON

container,

‘ L.

e

Good flow characteristics - The degree of success achieved in encapsula-

tion of the reinforcing strudture is directly related to the flow characteristics
of the plastic. The better the flow characteristics of the plastic, the better

the chances of successfully encapsulating the reinforcing structure.

Resistance to the effects of chemicals, radiation and fire = One of the

primary reasons for the interest in plastic containers is the potential for
reduced maintenance and refurbishment costs because of improved resistance
to deterioration from the effects of chemicals, solvents, weathering
(including UV and IR radiation) insects, and corrosion. The material

selected must provide these qualities,

Good Impoct Strength = The plastic TRICON container will be required to

perform the functions of containment and protection under extreme environ-
mental conditions. Containers of this type are subjected to severe impact
loads, The plastic material selected must be able to withstand impact loads

when at service temperatures ranging from -40°F to +140°F,

Cost - It was decided that, in the event that all other characteristics were

equal, the cost of the plastic material would be the basis for final selection,




TYPICAL PHYSICAL PROPERTIES OF ROTATIONAL
MOLDING GRADE PLASTICS
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) IMPACT TENSILE | HEAT SPECIFIC
MATERIAL STRENGTH STRENGTH|{ DEFORMATION | GRAVITY
FT LB/IN NOTCH|  PS| @ 264 PS|
High Density Polyethylene 10 3,000 120°F 0.95
Crosslinke Polyethylane 16 2,500 160°F 1.10
-Nybn I 1.8 8,000 130%F 1.05
|owr 20 1,500 90°F .94
Polycarbonate ‘ 16 9,000 265°F 1.21
Polysulfone 16 10,200 345°F 1.24
| Acetal 2,0 9,000 230% .41
PVC 12 8,500 234°%F 1.49
FIGURE 6
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RESISTANCE OF VARIOUS THERMOPLASTICS TO THE EFFECTS

OF CHEMICALS, RADIATION, AND FIRE
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RESISTANCE | RESISTANCE | RESISTANCE TO{ RESISTANCE TO} RESISTANCE
MATERIAL TO ACIDS TO ALKALIES] ULTRA-YIOLET | INFRA-RED TO FIRE
Polyethylene Excellent Excellent Poor ~ requires | Good below Stow burning
additlves 160°F
Crosslinked Excellent Excellent Good ~ with Goood below Self-
Polyethylene ' additives 200°F extingulshing
lonomer Excellent Excellent Poor Go%d be low Slow buming
140°F
Nylon I} Attacked Excellent Good Go%d below Self-
160°F oxtIngulshing
Polycarbonats Attacked Attacked Surface effect Good be low A Solf-
)
only 250°F extingulthing
Polysulfons Excellent Excellent Falr Go%d below Solf-
325°F oxtingulshing
Acstal Attacked Excellent Good Good Slow burning
PyC Excallent Excellent Excellent Go%d below Self-
160°F extingulshing
FIGURE 7




3.1.2.1

3.1.2.2

Comparison of Flow Characteristizs

The flow characteristics of the eight candidate materials were then compared.
To accomplish this, a point rating system was used. Point vaiues were assigned
as follows: EXCELLENT = 5, VERY GOOD =4, GOOD =3, FAIR = 2,
and POOR = 1, It was decided that any material with a flow charocteristic

rating of less than 3 would be eliminated from further consideration.

Samples of the candidate materials were obtained, and small parts were molded.
When extremely poor quality parts were obtained with PVC, it was learned from
the manufacturer that the rotational molding grade PVC was stifl in an experi-
mental status and had not been approved for production. PVC was e liminated
from future consideration at this point. Parts were molded on the Mc~Neil Akron
Model #500 rotosast equipment located in the Manufacturing Research and
Development laboratory (Figure 8) with the other candidate plastic matericis and
ratings were assigned to each. The results are shown in Figure 9. Polycarbonate

and polysulfone were eliminated at this point,

Comparison of the Resistance of Candidate Materials to the Effects of Chemicals,

Radiation, and Fire

Using the data shown In Figure 6, the 5 remaining candidate materials were again
rated for their degree of resistance to the effects of Chemicals, Radlation, and

Fire. Points were assigned as follows:

o Resistance to Acids Excellent = 1, Attacked 0

o Resistance to Alkalies Excellent = 1, Attacked 0
o Resistance to UV Good or Better = 1, Other = 0
o Resistance to IR Good or Better = 1, Other = 0

o Resistance to Fire SelffExtinguishing 1 = Slow Burning = 0

The results of this comparison are shown in Figure 10. Crosslinked polyethylene
was the only candidate material to achleve a polint rating of 5 by satisfying all
the established physical and chemical criteria, Nylon 11 met all the requirements

except resistance to acids, and was assigned a point rating of 4.
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RESISTANCE | RESISTANCE |[RESISTANCE TO [RESISTANCE TO|RESISTANCE | TOTAL

MATERIAL |TO ACIDS TO ALKALIES| ULTRA-VIOLET | INFRA-RED TO FIRE POINTS
Polyethylene 1 1 0 ] 0 3
Crosslinked | 1 1 1 1 1 5
Polyethylene

loncmer 1 1 0 1 0 3
Nylon 11 0 1 1 | 1 4
Acetal 0 1 1 1 0 3

FIGURE 10

. RATING CT CANDIDATE MATERIALS - RESISTANCE TO THE
EFFECTS OF CHEMICALS, RADIATION, AND FIRE




3.1.2.3

3.1.2.4

31 2.5

Comparison of Impact Strength of Candidate Materials

In using impact strength as a criteria for ranking the candidate matericls, the

results ware as follows:
IMPACT STRENGTH

RANKING MATERIAL FT LB/INCH NCTCH
1 lonomer 20.0
2 Crosslinked Polyethylene 16.0
3 High Density Polyethylene 10.0
4 Acetal 2.0
5 Nylon 11 1.8

Cost Comparison

The cost per pound of production quantities of each of the candidate materials

was obtained. These costs were as follows:

MATERIAL COsT/LB
1. High Densit); Polyethylene $ .20
2, Crosslinked Polyethylene $ .38
3. lonomer $ .90
4.  Acetal $1.25
5. Nylon 1 $3.00

Final Plastic Material Selection

As a result of the preceding studies, crosslinked polyethylene was selected as the
plastic material for the subscale studies. This selection was hased on the fol-~

lowing rationale:

1. Crosslinked polyethylene was the only candidate material that satisfied
the {low characteristics requirement and met all of the established criteria

for resistance to the effects of chemicals, radiation, and fire,

(28]

Crosslinked polyethylene exhibited outstanding capability to withstand

severe impact,

3. The cost per pound of crossiinked polyethylene was substantially lower than

the other candidate materials, with the exception of high density npalvethy!one,

31
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It was learned through conversations with the manufacturers laboratory personnel
that the Ultra Violet resistance of high density polyethylene could be increased
from poor to good with the oddition of pigments. This information made high l
density polyethylene the second choice of the candidate materials on the strength
of 1) acceptable flow characteristics, 2) meeting all chemical and radiation
criteria, 3) its occeptable impact strength, and 4) the fact that it was the lowest
cost per pound of ull of the candidate plastic materials, It was decided that,
should problems occur in the stuoies with crosslinked polyethylene, high density

polyethylene would be used as an alternative material.

Parts were molded using various release agents to determine which release agentls
produced the best surface finish on the molded part. The results of these tests

are shown in Figure 11. Based on these results, the decision wasmade to use

Ram GS-3 for all future rotomolding with the olive drab crosslinked pol'yefhylene.‘

Selection of Structural Material

First, a survey was made of materials most commonly used in the fabrication of
intermodal container:. Figure 12 shows a tabulated comparison of the relevant
material properties of the three final candidate materials that were considered
thes subscale framework. At the 400-500°F contemplated molding femperonlure
.ange, the strength of Al 6061-Té drops off to only 50% of its iritial value.
With *he exception of the Al 2219 alloy, all commonly used aluminum con~
struction W'loys show the some drustic trength 1eduction after prolonged ex posure
to the rotomolaing temperatures involved, which approximate the annealing
1 iper itures of those alloys, Since weight considerations and thermal conduc -
Hvity charocteristics were not of prime concern during the initial phase of
the deve lopment program, common type A-36 (ASTM) construction steel was
selocted over Type 2219 aluminum as the structural material for the first subscale
sontainst. Additional prevailing factors which led to the selection of stee!
~ere substantial differences in material purchase costs as well as the ready

availabiiity of stee! stock material and steel corner fittings.
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RELEASE AGENT | IYPE EFFECT ON MOLDED PART
t ! .
Miller -Stevens 136 Flusvocarbon + Numerous pinholes on part surface
\ AR i T
} l LCow-Cornlng R-671 | Silic.me Resin '+ Excessive warpage ond poor release from
] mold
, - e B L
Ram GS|-3 Fluorocarbon Good, uniform surface
| I - — -—— ~ s -
frocoret3d i Polymeric Excessive dimpling of port surface
. -
{
' |
[ . i
FIGURE 11

EFFECT OF VARIOUS RELEASE AGENTS ON ROTATIONAL
' MOLDED CROSSLINKED POLYETHYLENE
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AL 606176 | AL 2219-T87 ST('i‘fSLT' A’; 36
DENSITY LB/IN° 098 102 .28
THERMAL CONDUCTIVITY |
BTU/FT*/IN/HR/°F 1070 1070 241
THERMAL EXPANSION .

IN/INF .0000131 .0000124 .00000633
ULTIMATE TENSILE 75°F 45,000 68,000 60,000
STRENGTH - PSI 500°F * 34,000 62,000 70,000
YIELD STRENGTH 75°F 40,000 56,000 36,000

PS| 500°F * 20,000 39, 000 36,000
: 75°F 7% 12% :
ELONGATION 30%
IN 2IN., MIN., % | 500°F 18% 21%
MODULUS OF 75°F 9.9 10.5
ELASTICITY 29
PSl x 100 500°F 7.9 8.5

* AT ROOM TEMPERATURE AFTER 10 HOURS AT ELEVATED TEMPERATURE

FIGURE 12

PHYSICAL AND MECHANICAL PROPERTIES OF

METALS CONSIDERED FOR CONTAINER STRUCTURE




3.2 SUBSCALE CONTAINER DESIGN AND MOLD DESIGN

3.2.1 Subscale Container Desigr_w_»

A,  Design Objectives
Design and fc:BrIcc:ﬂon of a subscale container was considered to be of
essential value during the preliminary investigation phase of the program,
Its purpose was to obtain engineering data to support subsequent full size

TRICON design, with the following objectives in mind:

1. Design and test a stiuctural framework which meets the design load

requirements of the full size TRICON container (see Figure 4 .

2,  Design a siructural frameworl: which 1s cost effective to manu-
facture. It was acknowledged that potentially large numbers of
containers would he required to be fabricoted followl ng demonstra-

tion of concept fecsib!lftyr.

3. Select a structural material that remains stable and shows no critical
Joss of physical and mechanical proparties when exposed to molding
procass, temperatures. It was contemplated that the container

itructure would be exposed to temperatures in the range of 400-500°F,

4,  Deslign a framework