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‘ : )

The following steps are recommended to avoid Tray Pack. . '
damage and to enable stacking of unit loads four Trav Packs
high, -

- (1)  Avoid vacuum packing.
O (2) Utilize 98-pound material for both tray bodies and
- tray lids. ‘ '
(3) Utilize a‘'design emDIOVing relnforcinq beads For
| both tray body and tray lid.
(4) Utilize tray lid relnforcinq desxan havina a 5" X 5"
label space at the center. '
(5) Utilize a shlppinq container w1th proper tolerances '
for packlnq Tray Packs., o
- '(6) Utilize pads that nest withln the seallnq seam of
: the Tray Pack when packing thea Tray" Packs in a
- - shipping container. ‘

(7) Pack Tray Packs in a shipping container With the

bottom two facing down and the top two facing up.:

Test results for drop tests on vacuum packed and non-
vacuum packed shipping containers show that elimination of“
vacuum packing greatly reduces damaqe to the Tray Pack.\

, Inspection of incoming Tray Packs indicates that utiliza-
- tion of 98-pound material greatly reduces both dentinc and nanel-
~ing (inward buckling) damage.

Test results for drop tests show that the drop height re-
quired to cause damage to the Tray Pack is greatly increased by
utilizing the combination of tray bodies and tray lids with re-
inforcing beads, nesting packing separation pads w‘thin the
shipping container, a packing technique wherein the bottom two
Tray Pack 1ids face down and the top two Tray Pack lids face up.

Test results also show that unit loads of Tray Packs can
be stacked four high by utilization of a telescoping container
with proper tolerances, nesting pads, and the two-~un, two-down
packing technique previously described.
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These results were develcped in a program that began with
the procurement of tray bodies and tray lids from Central States
Can Co., Massillon, Ohio. The 'units prooured were both reinforced
and unreinforced and had a material base weight of both 90 pounds
and 93 poundsv Central Gtates Can Co. developed tooling to match
the reinforced design developed by Cummings Solar Corporatlon '

These unlts were delivered to Cummincs So’ar Corporatlon for test-
ing. R \ g . : ’

Some of +he unlts dellvered were 1idded empty or filled w1th'

water and lidded at U,S. Army Natick R&D Center and then later re-
turned to Cummings Solar Corporation for testing. Cumminas Solar

‘Corporataon performed a series of: evaluation tests on these units

1nclud1ng vacuum tests, Tray Pack side drop tests, and shippinag

r container sxde drop tests._

Other units were shipped to‘Venee Foods Co., Berkelev,
‘Ilrinois where they were filled with water, or corn, or cut beans
and returned to Cummings Solar Corporation. These units were sub-
jected to incoming inspection. The food filled units were then
shipped to U.S. Army Natick R&D Center for shelf life testing.

The water filled units were subjected to Acceptance Testing.

Two Shipping container concepts were developedkdurinq the
program: a double liner shipping container and a telescopinﬂ
single liner shipping container. Both shipping containers were
proven to be capable of sustaining a crushinag load equivalent to
stacking unit loads four high. The telescoping container was
recommended because it was felt to be easier to fabricate and
less expensive than the double liner container.

Cummings Solar Corporation feels confident that a low
incidence of Tray Pack damage will result from followina the
recommendations developed during this program.
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PREFACE o

‘ —— fﬁ
This report was prepared to satisfy the Statement of Work E

o

o Item C-~5, Technical Data, under contract DAAK60-84-C-0011. The oY
intent of the work was to manufacture with production equipment,
prototype Tray Packs of the most durable design to be used in

field testing. The primary goal was to improve strenagth charac-

'
vy

TR

teristics. The work was a follow-up to contract work reported Q&

- in the Technical Report Tray Pack Improved Dufability Packaging Eﬁ

‘ Rough Handling' Test Results, by Richard D. Cummings, NATICK/ “3
S TR-85/026, June 1983 (AD B095 881L). ‘ E
The contract work coveréd by this report was performed ?g

- during 1984 and 1985 under Project 1L162724AH99, Joint Services S&
Food/Nutrition Technology, Task area BC-Food Packaging, AMAFN { il

.- 81-20(V). The contract Project Officer was Joseph W. Szczeblowski. 'f
Because the Tray Packs are used with U,S. food service, U.S. }%g

- customary measurement units are used in this report. L ‘ ?ﬁ
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1. TRAY PACK PACKAGING SYSTEM

Tray Pack description

7 The Tray Pack is a food container that serves the functions

a. - food storage vessel,

bi food heating vessel

C. food serving vessel.—
The Tray Pack holds 6 1b 10-ouncés (3 kg) of food. The Tray Pack
as made by Central States Can Co. is shown in Figure 1.

It has the shape of a rectangular solid being rouaghly 12"
long by 10" wide by 2" deep with a shoulder approximately 1/4"
wide all around at the 1lk" height level to accommodate insertion
into a steam table heater. The shallow thickness allows ranid
and even heating of the food while the large top area allows for
easy and convenient serving.

The Tray Pack consists of two parts: the lid or top end
and the can or bottom. The sides of the Tray Pack are part of
the can or bottom.,

The ‘op-end ot 1id is drawn from 90-pound per base box
(0.010-inch~thick) steel.» The 1id material has an inner poly-
meric liner to prevent reaction with the product and an outer
orqanic coating to retard corrosion and oxidation. The lid is
nearly flat across its entire surface.

-» The bottom or can %gkdrawn fﬁom 90-pound per base box

sl "f(ﬂh am bhoy® {
(0.010-inch=-thick) steel.) fbottomha{sonhas-a pq}gmeric‘u”7ﬁ4\
inner liner and an outer organic coating. The drawing process |

\

on the bottom results in numerous material excesses and these
are drawn into a regular pattern by means of vertically oriented
indentations and beads of approximately 0.070" depth around the
perimeter of the can. Around the corners these indentations and
bulges are sinusoidal in cross section, but on the sides they
have a rectangular cross section.

The material used for making the can and the lid is ageneric-
ally called a "tin mill" product. It comes in coils and is des-

¢

Y,

/

\

ol Al Ak el G Tl LRSS hahad i ot ySa o R ot afR o SV WAl Ata L TR IR Pt v ERF S Rl e

.

"

N L]
N

i

«
x
-

- -
= »
L
-
T

-
b g g
L

r.‘".' ;

[ Sy

PR o

F

e Fa

- 8

..
oty ol
Lt

4 » IS e e b
Pl !
e Lye_ .

T

,_v
.

]
» %1

s
a

o

e

i A

<

<

N,y

RS




F S d PR o P g g R AR R ) PP O LR LI LD S | ol Sl i L WL A M o ale gl R Fiche iy T 3 ot ill L g g ol i

M ' a
-]
’
-w\..
: .
"... )
3 |
3 :
W. . w T~ e g :
. i o ST T T v
m. O . . .
- “ {
w ;
A ; 4
3 P 114
;
-
w — o {
3 4 |
: [~ m
] : ‘ |
3 -
: 5 |
- P o W
. O -
: - +
| o
J a _
| .
N L o m
|
3 w ; -
c %
> X
H -
o J i’
w ..,.m‘
B — :
.IQAM'-
s
.,»-»1

I
-
_
-
-
-
—
—
—
-
—

R AT

’
£y




g J&—" - o,

- s e W

OF;

ur
RN _YER

5 .

L

-~ e

"JHH !l'"’w’

R,

"IN

Ed

e

n W"’W o
v -~ T F’I"‘L"ﬂ.'\ ?'Tv'm T"—“"YN L atiari AN AR St R LR

ignated either T-4-CA or T-S-CA, Which dtnates its temper and
hardness-~-the 1-4-CA material having a. hgrdness of 58—64 on
the Rockwell 30-T scale and T—S ~CA a harﬁness of 62-68. 'The
T=-5-CA material 15 stiffer and has grea%er resistahce to buck-
1inq while the T— -CA is easier to ‘orn. “Central States is
urrently using the T~4-CA marerial for both\the can and the
lid. The tens;le strenqth of the h:terial is aaproximately
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Shipping container description Sa

Tray Pack shipping containers serve a number of functions. hE)
First they act as a container allowing the easy manual handling
and stacking of multiple Tray Packs. Second, the shipping con-
tainer materials act to cushion the shock imposed on Tray Packs
by rough handling impacts. Third, they act to support the load
- imposed when Tray Packs are stacked.

Tray Packs are packed four to a shipping container one on
B top of another to make a handling load of approximately 30
pounds. The dimensions of the shipping container are 13%" long
- by 11~1/8" wide by 9-3/4" deep. The arrangement of materials
within the container is shown in Figure 2.

»
-

-

PRl N
fl_l‘!""_l‘

i

piar

The shipping container material is Level B packing material
designated V3c (corrugated fiberboard) made in accordance with
- Federal Specification PPP-B-636. This is a single wall weather
resistant, corrugated fiberboard with a minimum dry bursting
strength of 400 psi and a wall thickness 0.153", It is manufac-
tured by St. Regis Paper Company's container division, located

Y

b

>
- "

in Pittsburgh, Pennsylvania.

The sides of the shipping container are reinforced by
means of an inner liner that increases its buckling resistance.
A protective pad is placed on the bottom of the container, be-
tween each Tray Pack, and at the top of the container, a total

- of five pads for each shipping container. The liner and pads

are made of the same material as the shipping container.
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The unit load description

The shipping containers are packed into unit loads
consisting of 48 shipping containers, 12 per layer, 4 layers
high atop a pallet. The assembly is covered with a V2s cor-
rugated fiberboard cap and is strapped together as shown in

Figure 3.
The assembled weight of the unit load is approximately

1540 1lbs. The volume is approximately 48" long by 41" wide
by 46" high.
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2. TYPES AND CAUSES OF DAMAGE

Types and causes of Tray Pack damage

The types of damage to the T:ay,Pack container found
when shipped from Berkeley, Illinois under this program were:

(1) Buckling (bulging) of the Tray Pack 1lid;

(2) Buckling (bulging) and paneling (inward buckling)
of the Tray Pack body bottom;

(3) Buckling (bulging) of the Tray Pack body sides;

(4) Denting of the Tray Pack body bottom edges.

The causes of these forms of damage are:

(1) Vacuum sealing combined with underfilling of the
container;

(2) Hydrodynamic forces created within the container

‘ by relative fluid motion;

(3) 1Impact against relatively sharp objects,

When all the air is removed from a Tray Pack container
filled with liquid, the atmosphere presses against the contain-
er with a pressure of 14.7 psi or a crushing force of about
2000 pounds across the lid and body of the Tray Pack. This
force is opposed by a vapor pressure of 0.4 psi from the water
in the food packed a total of 36 pounds. The container itself
is made of steel 0.010" thick in a configuration that is not

- stiff or rigid.

Until the atmospheric pressure on the container is
opposed by resistance forces from the food packed inside, the
Tray Pack container will collapse at both top and bottom caus-
ing damage to the bottom corners in the form of buckling. When
the Tray Pack is completely filled with incompressible food,
there is no deflection of the Tray Pack and the fluid opposes
the atmospheric forces without any deflection (collapse) of the
Tray Pack.

However, in practice, it is extremely difficult for the
food packer to fill the Tray Pack to the top. Consequently,
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each container is usually partially unfilled to a degree re-
sulting in some deflection (collapse) of the Tray Pack. 1In
some cases the underfilling is such that paneling (inward
buckling) of the tray body bottom takes place as soon as the
Tray Pack contents cool. In other cases, while there is de-
flection, there is not enough deflection to cause damage at
the time of packing. Nevertheless, the deflection is such
that the amount of additional force required to cause damage
is reduced and in some cases so much reduced that a small
amount of additional force from handling will result in a
large amount of damage to the Tray Pack body bottom and sides
in the form of paneling (inward buckling) of the bottom and
buckling (outward bulging) of the sides.

Additional force within the Tray Pack container during
handling results from hydrodynamic forces due to fluid motion.
These forces are on the order of 0.5 psi additionally imposed
on the Tray Pack. Experimentation at Cummings Solar Corpora-
tion shows that the tray body can withstand a vacuum force of
2 psi without failure. Therefore, the fluid motion forces
within the Tray Pack are not sufficient to cause damaqge, but
when combined with a vacuum of 1 psi (2" mercury), damage can
result,

Buckling and paneling of the Tray Pack top and bottom are
depicted in Figure 4.

As stated previously the causes of this damage are a com-
bination of the vacuum in the container and the hydrodynamic
forces in the fluid (food) packed in the container., Cummings
Solar Corporation results show that the greater the wvacuum, the
larger the paneling (inward buckling) of the tray body. 8Simi-
larly, if an overpressure is applied to the container, Cummings
Solar Corporation found that the greater the overpressure, the
larger the buckling (outward bulging) of the 1lid.

Ruckling (bulging) of the Tray Pack sides is also caused
by excessive vacuum. As stated previously, vacuum packing of
Tray Packs results in atmospheric forces cruéhing the tray body
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and l1id together until these crushing forces are resisted by
the fluid (food) in the Tray Pack. When a Tray Pack which is
underfilled and vacuum~-packed is dropped on its bottom, the
fluid in the Tray Pack creates an overpressure on the sides
causing them to buckle (bulge) outward.

Denting of Tray Packs is caused by striking sharp ob-
jects. The heavier weight materials have less susceptibility
to denting than lighter weight materials.

Types and causes of shipping container damage

The most important defect of the current shipping con-
tainer design is its inability to sustain crushing loads.
This defect makes it impossible to stack unit loads.

The first defect in the current design is the mismatch
in the sizes of the parts of the shipping container and its
contents. Specifically, . the fiberboard shipping container
sidewalls are taller than the liner sidewalls and the liner
sidewalls are taller than the ensemble of Tray Packs and fiber-
board pads. Therefore, a crushing load is first applied to the
shipping container sidewalls. These sidewalls buckle when the
load exceeds their strength and the entire load is shifted to
the fiberboard liner. The load then collapses the liner and
the load is shifted to the ensemble of Ttay Packs and fiber-
board pads. The pads are then dented along the perimeter of
the sealing seam leading to more deflection. The Tray Pack
ensemble then bears the entire load. However, at this point,
the shipping container has been deflected by as much as an inch.

When Tray Pack shipping containers are packed in unit
loads, they are packed 4x3x4 high (Figure 3). The crushing
load is applied to the outside shipping containers so that
when one of these fails, it leads to tilting of the stacked
unit loads to the extent that if the unit loads were stacked
four high, they would topple.

A second design defect is the concept of the pads being
sized to the inside dimensions of the liner so that they rest

11
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on the sealing seam. As soon as the shipping container is
dropped, the pads are dented around the perimeter of the seal-
ing seam so that even if every part fitted perfectly at the
time of packing, the Tray Packs are now loose in the shipwping
container due to the deflection. This then leads to the load
being applied to the shipping container sidewalls and the liner
but not to the Tray Packs. The container sidewalls and the
liner then collapse again tilting the load.

A third design defect is that the sidewall and the liner
are really not sufficiently strong to bear the stacking load
and three layers of fiberboard rather than two are needed.
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3. TRAY PACK ROUGH EANDLING LOADS IN RELATION TO TESTING
PROGRAM

The rough handling environments of importance to the

Tray Pack program are:

(1) Dropping of Tray Packs on their sides

(2) Dropping of shipping containers

(3) Stacking of unit loads.

In addition, for purposes of evaluation, a fourth environment
is important:

(4) Vacuum level in Tray Pack.

For purposes of completeness, testing of certain other
environments was conducted. Nevertheless, these environments
are not important because they are not the source of either
Tray Pack damage or shipping container failure:

(5) Dropping of unit loads;

(6) Vibration of unit loads.

Testing to determine the vacuum level that can be sus-
tained by the Tray Pack container is very important because -
it pinpoints the allowable level of vacuum packing.

Testing to determine the side drop height that can be
sustained without Tray Pack damage is important because drop-
ping of Tray Packs so that they impact on their sides is the
primary cause of tray body paneling and tray 1lid buckling.
Such testing should include side dropping of Tray Packs out-
side of shipping containers and when packaged in shipping
containers,

Testing to determine the crushing load that can be sus-
tained by shipping container configurations is important be~
cause shipping container failure is the reason why unit loads
cannot be stacked.

The testing under this program was divided into two
areas: Evaluation Testing (see Appendix B) and Acceptance
Testing (see Appendix C). The Evaluation Testing was used
to determine the levels of exposure that could be sustained
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without damage. The Acceptance Testing was used to determine 5
whetker or not the Tray Packs and shipping containers can sus- 5

tain expected levels of exposure to rough handling without
failure. The procedures for these tests are listed below in
Tables 1 to 8 and illustrated in Figures 5 to 12.
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TABLE 1 &)

TRAY PACK VACUUM TEST PROCEDURE A

k3
-

,_
‘e 5 4
v ER A |

vy

p

Test samples shall be Tray Packs of various reinforcement

concepts filled with air.

o s
e
¥

Procedure:

¥

5
pge A U

(1) 1Install sample in test setup (Figure 5).
(2) Turn on pump with isolation valve closed.
(3) Crack isolation valve.and apply 1" Hg.
(4) Examine sample for buckling.

(5) 1If sample has buckled:
a. Number and mark sample and record on data sheet.

b. Discontinue test and disconnect Tray Pack from

<

g
s

-
-

v " »
M

equipment.
(6) If sample has not buckled:
a. Record result on data sheet.
b. Crack valve and increase vacuum by 1" Hg.
(7) Repeat procedure until:
a., Failure
b, 7" Hg vacuum is reached.
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" TABLE 2

TRAY PACK SIDE DROP TEST. PROCEDURE

b, Test samples shall be Tray Packs of various reinforcement
- concepts filled with water and packed foods.

%S Procedure: ‘

N (1) Raise the sample such that the shorter side is
P parallel to and 3" above the floor.

- {2) Release the sample evenly and allow the sample

R fto dxop on ite side to impact the floor.

'5 l(ﬁ) ’Examzns the sample for buckling.

. (4) 1If sample has buckled: ‘

‘; o ' a, Mark and number sample and record results on
K. LTy data sheet.

- ~ ‘% b. Discontinue test.

, | (5) 'If sample has not buckled

g (6) Raiue sample by 3".

ﬁ (7) Repeat procedure until-l

‘ ' a. Failure

Xt ,

v ' - b, 23" drop height tent is complete,
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TABLE 3
SHIPPING CONTAINER SIDE DROP TEST FROCEDURE

LA

Test samples shall be shipping containers of various shock
absorbing concepts packed with Tray Packs of various reinforce-
ment concepts and filled with water or foods.

P
- a3
I.I.’_

3N Procedure:

- (1) Install sample in sling with shorter side parallel
- to floor.

R

(2) Level sample,
(3) Raise to 3" above floor and relevel sample if nec-

2.

essary.
(4) Using torch, melt suspension line allowing sample
to drop.
(5) Carefully unpack the Tray Packs marking the impact
side and marking any damage.
(6) Record results on data sheet.
(7) 1f samples have been damaged:
a. Discontinue test.
b, Repack samples,
(8) 1If samples have not been damaged:
a, Carefully repack samples as before.
b. Reinstall sample in sling and increase height
by 3". |
c. Repeat procedure until testing of 30" height is
reached.
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Test samples shall be various shock absorbing shipping
container configurations including the current configuration.

Procedure:

(1)
(2)

(3)
(4)
(5)
(6)
(7)

(8)
(9)

SHIPPING CONTAINER COMPRESSION TEST PROCEDURE
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TABLE 4

Place carton on floor,
Place load holding fixture on carton centering it

to assure that load will be evenly applied.
Measure height of fixture above floor.

Apply load.
Measure change of height fixture above floor.

Inspect‘carton for damage.
Leave sample overnight and reinspect the next day -

remeasure height.
Increase load and remeasure.
Continue until carton fails.
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TABLE S
ACCEPTANCE TEST
SHIPPING CONTAINER DROP TEST PROCEDURE

The shipping container shall be dropped in sequence as
listed below:

DROP # IMPACT SURFACE DROP HEIGHT
1 BOTTOM 26"

BOTTOM/#3 SIDE ~ EDGE 13"

BOTTOM/#2 SIDE -~ EDGE 13"

BOTTOM/#2, #3 SIDE - CORNER 13"

BOTTOM/#1, #4 SIDE - CORNER 13"

TOP 13"

BOTTOM/#1, SIDE ~ EDGE 13"

BOTTOM/#4 SIDE - EDGE 13"

BOTTOM/#1, #4 SIDE - CORNER 13"

10 BOTTOM/#3, #4 SIDE - CORNER 13"

11 SIDE/#1 13"

The sample shall be placed in the sling and placed in the
correct orientation using as applicable:

a. The level

b. The edge drop fixture

¢, The corner drop fixture.

The sample shall be raised to the required height.

Using torch, melt the suspension line allowing the sample
to drop.