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CKNOWILEDGEMENT

In 1994 TriEnda implemented its new, refined focus on plastic material
handling products. It was my mission to design structweral material handling products
meet specific customers’ performance criteria

| was impassioned and consumed with my responsibilisies, yet immensely frustrated, During
miy 30 years of maching design experience, if | had questions relating to hydraulics, | simply
apened a hydradics systems design manual, Or, if | hic ssembling blocks regarding a machine's
electrical circuirs, | could thamb through the pages of an elecrrical circuitry mamal o find
answers. Plastic was different: There were few rules, puidelines or published manuals with proven
test standards to reference for material handling products,

Bofore | bogan to compile years of research, performance tests, and TriEnda's standards to
create this book, it cock a simple grocery shopping experience with my wife and a splintered
waood pallet on the grocer’s floor to ignite the spark,

| hape this boalk will be the catalyst for change from wood o plastic material handling pro-d-
ucrs. | believe Trifnda has forged new ground in influencing industry performance tests and stan-
dards; which should ke wusehd for all

| dedicare this book to all the people on the shop floor who help make plastic material han-
dling preduces a realicy, | especially thank my family and wife, Susan, far all their support and

patience: over the years,

Thank you,
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inTrooucTion

Plastic - The Progressive Pallet Material

ar |00 years the
familiar wood
palket has besn

the foundation for
storing and trans-
porting products,
Wood was inex-
pensive, sasily
waiarboedl, and
widhely available,

Ar 3 rasult,
modern materi-
als handling
systems—inom
fork trucks and comveyors to
racks and semi-trailers—are designed to
fit the damensons and characteristics of
this venerable technology.

As we enter the st century, progres-
sive industries have replaced or are con-
sidering replacing wood with plastic pal
lets and products, Their reasons are eco-
nomic, ergonam: and environmental,

Economic Performance

Every major grocery distributar in Morth
America has committed o wsing plastic
pallats, Why! Because a plastic pallat will
make hundreds of trips while 2 wood pal-
It may last only seven.

Even though the initial cost of a plastic
pallet is three o four times that of wood,
the: per trip cost is pennies compared to
dallars.

Wood pallets also need frequent
repairs, often costing down-time. Some
food distribution growps report that, on
average, a wood pallet needs repair every
1.5 trips. By contrast, a major grocer using
| 50,000 plastic pallets, each making about
three trips a week lor an entire year, has
not returtied a singe one as defective,

The attractive appearance of plastc
pallets also saves on distribution costs by
making it acceptabls to move loads of
goods directly to pont of sale.

Better Ergonomics
Wood palbets are rough and heavy
Scrapes and cuts are commen a5 grocery
stockers, for eample, puide thear ankles
arcamnd the jagged comers of wood pal-

lets. Muscle injuries are a facr of

life armong manufac-

tureg wiorkers whc
handle heavy, awk-
weard woood pallets
many Times a day.

The smcoth edges,

soft corners and light
walght of plastic pallets
are worker friendly and
help reduce medical
COSTS.

Environmentally

Responsible

A one time about 20% of the orees ox in
the L5 went into pallets and shipping con-
ramers. Many ware cne-way pallecs thao
went to the landfll after a single use.
Tinwes and amtioudes have changed. Landfills
are fewer, more selectve and maore
expensive, People recognize that presenry-
ing trees bemefits the ecology of the plan-
et Recyclable plastic palkets are the par-
fizct attermative. Thair kong lives keep wood
pallets out of landfils and when they neead
replacement, they can b2 ground and
reclded into new plastic products, Inaddi-
tn, some pallets can be made from recy-
cled plastic, preserang even more landill

space.

plastic, howevar, it is often in excess of dhe
intended applicaticn (Le. - The woeod used
in pallet stregers is the same wiood usad
e ternporarily support large machinesy
and buddings). Orver the years, this
strength has bean taken for granted, with
the developrent of unit lead configura-
s and handling equipment,

A plastec pallet with the idendcal shape
and strengeh of wooed i5 not econcmically
pracocal. The first chjectve s to under-
stand the effects that a different pallet
shape and strength will have on the ool
system. Oprimizng a plastc pallet’s design
is best accomphshed through review of
lcad configuratons and paller handlng
equiprnent. This boolder moroduces plastic
matenals and processes, descnbes the fea-
tures and confipurations of pallets and
other material handling product, and des-
cusses areas in which materals handling
equiprnent and operasons may need rod-
ificaticn

W also provide here, for the first dme
in the mdusory, a ser of performance rae-
ings developed by TriEnda for plastc pal-
lets amed material handling produces, Site
testing instructions are alse mcluded.

The reacerial handling or packaging
professional who is considerng plastes can
use these measures with confidence to
choose objectvely among competing
prosducts,

Replacing Pallet material characteristics
Wood with Wood Plastic
Plastic Famikiar Mlow technelogy
. Wide| d |,g r wunat coist
Irvesting in any new tach- |n.=lx;::iii per unit Possible MHI maodifications

nclogy takes thought and
effart, Changing to plastic

pallets is 1 wception Easily worked Temperamure considerations
Wood is relatively simple, | o000 repairs Drurable
a ke ql,.l.i“l.‘:(_w"‘{‘: Short [ Lnng Ilfe-span
plastic has its cwn char- Disposable Recyclable
acteristics and offers a Saifl Low cost per trip
madtitude of advantages Heavy Flexible
The characreristic Raugh & splintery Lightweight
strength of wood is 13 Unesthetic Smooth & antractive

tirmis stiffer than most

Fits MHI equipment

Sophizteaved manufaciiring

Easily custamized
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Plastic Resins and Manufacturing Processes

Resmn type and production process are improve produection, They must be used custorers performance expectanions,

the e magor cost factors in prodecing with care and measured with standard Thres inputs are critcal;
plastc pallers and other material handling  laboratory vests since enhancing one (see apphcation anabysis form on page 29.)
products (MHP). Structual shape abso property may degrade ancther. For
determines the product’s performance. example soffeners can cause bricdenass: | Frecise information on operating
BN IFCINHENT,

. . ¥ UV stabilizers reduce sunlight-
Plastic Resin Types caused bricdenass, 1 Load types and configurations.
Podredhylene- the mdustry’s most com- v Anti-microbials prevent or limic 3. Equipment descrpions which define
manly used resin- is wery tough but more hacteria, fungus and ather organic support conditions.
likely to strench than break. los long, tan- growth,

b

gled, spagheti-like molecules can be Anti-stats prevent build-up of
reheated and reshaped many tmes. A stanc elecerical charges m

broad variety of additives can help cus- + Flame retardants control bum .

romize product perfermance and aid in - Postal T'E-'!tll'lg

pracessing. + Fillers can reduce costs, lighten, Ther LA, Pogeal Service conducted
Potrpropylene is stiffer than polyedwt- and stiffarn. exhaustive studies to decermine which

ene but is more likely oo crack in cold ¥ Colorants customize appearancs. mazerial and process provided supsrior

ramgeratures, sometimes used as a stif- physical and economic periormance in its

ener with polyedhylens, its most common dased loap bulk mail distribution system,

MHE uze is in totes which often must be DEEIQI‘I f‘rMEI‘II-IfEI'EtI-II‘II‘Ig Lipar rEsiesaing this sectiamn the reader

will urdersmand why LISPS choose high
stenlized. ChEI"E!I'Ig es ) density polyetydens as the material and
The challenge for dasign engmears and

e in=shest th fia 3TF) as th
Additives manufacturers is to find the most eco- ::;I;'—::f:: m:j::s mrii.:-;ni_l;r{i“ ,::UdE
Sdditives ledp wailor a macerial o a par- nomical balance of resin mix, shape, and shipping pallacs
ticular application, enhance quslicy, and production charcteristics that meets the
PROCESS DESCRIPTION CONMNSIDERATIONS COMMOM

PRODUCTS
Sheat Sheats are formed in a continuous process | Low cost Slip sheets
Extruszion and stared in rolls or Bat sheets,

Therme- Heated shests are formed over molds. Twin | Low cost tl:h:ilil'lg and prototype parts Pallets
formi ghest welds two sheses together during the . Containers
rming brockss, High production rates Cleeves

Can totally encapsulate substrates Dunnage
TﬂtE:
Injection A hllover rcld is fllled under high pressure. | High ool costs Tares
Malding Containers
Structural A hollow mald is partially filled with |:||:uti|: High toal costs Fallets
Foam Molding and a foaming agent: the mix expands to fill Stiffer but more britthe parts Containers
the mald,
Blow Molding A sealed pube of plaste is blown like a bub- | High tool cost Crrurms
ble against the walls of a hoellow mald, Tanks
Roto Melting pellets line the inside of a meld Low cost prototypes Crrums
Molding which membles cn three axes, Slow process Fallets
Containers
Compression | A molten biller of plastic is squashed Can use very stiff marerials Tares
Malding berween the closing mold habves,
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PLASTIC PROCESS I

Extrusion

Thie process of extrusion is when plastic
resin is converted from solid to Bguid.
This process, known as sorew adrusion,
is the first step for several manufacturing
processes (processes to follow). kb can be
described as a large contimecusly rotating
screw inside a heated fube, Plastic pel-
lers, powders, andfor liquids enter one

end of the wbe and are conveyed, maloed,

mied, and pumped out in 0o a malding
process, which form plastic products usad
in the materal handling ndusory,

Pt
¥
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Structural Foam
Molding (LP1)

Low Pressure Injection

The process of koow pressure infection s
when a mald cavicg s Blled with “expand-
ing” foam  resin under low pressure. This
process B commoenly wed to make mate-
rlal handling products and is semilar to
injecdon molding. The magor distinguish-
ing difference beoween foarm malding and
injecdon molding is that in feam malding
a fparning agent expands the ress and
produces a preduct which has a generally
st outer skin and a cellular core,
This gready enhances the soffness o
welght ratio, howsever dramadcalby
reduces the base material oo withsoand
the inpact found In commoa raterial
handling sysoems.

*
ur ¥
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Elow Molding (ELM)

The family of products ypically developed
through the process of blow molding are:
pallets, containers and barmeds, which all
share a s@milar despn needs; hallow sec-
tices, The blow melding machine consists
of ane to five extrederingector hesds
feeding a die. It drops {by way of gravity) a
rowd or aval molten tube (parison} of
material between two open mold halves,
The parison walls may vary in thickness
and can consist of several different byers
of material. WWhen the parison is in posi-
tion, the mald halves are closed upaon it,
capturing and sealing off a section of pari-
son, which is expanded and held against
the mold walls by air pressure until
cooled. The part is then removed and
trimmed, This process has an advantage
over twin-sheet (TTFL With blow mald-
ing, the resn pellets are processed at the
machine and thereby eliminates handling
and heat costs associated with producing
sheets for thermoforming, The disadvan-
tapge of blow mn:h|ding is it does not dis-
tribute the material in a finished part as
-:'Fﬁl:iendr as twin-sheet d‘-ermnl:lrming
rmar can substrates be easily encapsdated
for ultimate sHfress,

Profile Extrusion (PSX)

The profile extrusion process is wed o
manufacmure plasdc kember used o some
forms of plasde paler construction. The
thickmess to helght rado disonguishes it
from sheet extrusicn. This process wses
an extruder to force molten resin

TriEnda..

through a die the shape of the cross sec-
san required {le.a 27 % 47 sornger and 17
® 6" boards) A5 — or before — the
rvacerial leaves the dee, the cooling
process s inidated and continues untl the
extrusson is ngad encugh o cut in oo
lengrheeise strips. The large exoruded
cross-section alows for the wse of dffi-
cult-to-process recpcled conswmer plaso
products, bowever the paller constrected
aif this material can weigh many times that
af a wood paller of like size and con-
SOTLICTONE.

Injection Molding (HPI1)

High Pressure Injection
The irjection molding process is used to

make single-piece products or compo-
nents wsed in the construction of prod-

ucts, ssch as; palbets, bins, and totes, A
miutiple piece mald, containing voids in
the shape of the desired part.is held shue
by an hydraulic press. it is then filled with
malten material by means of an extruder
and high pressure injector system. When
the part has sufficientdy solidified, the
miold cgeens to eject the formmed part, A
wide variety of materials can be
processed using this method and few, if
any, secondary cperations are required to
Einish the part after ejection. Typically, this
process requires the greatest initial eoaol-
ing mold investment.

o rr-u'uup:t'
. e s b
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Sheet Extrusion (STX)
This process forms far shears wsed for
load separavors, ship sheets, and sheet
stock required in vacuum farming. lois a
CONGUGUS Process Using one oF maore
estruders feeding a single die, which
fzirns a wide sheer of one or more lzers
of differene marerisls. The de dispenses
the molen sheer onto a seres of rolls.
This cantrals the thickness of the shear
and beging the coaling process, which
solidifies the maverial. Rolls can duo be
used Do Empart patterned pEoures oo
the surface of the sheet. Crher materials,
such o stripes and priviced substrate, can
be combined with the asfsee of a molten
chear as it is fed dhrowgh the ralls, foirming
an estcellent band, The sheet is cut to
required size o wound onte & rell with-
AU inter uptng the Bow.

The sheer extrusion process can offi-
clently eombime several materials, lami-
reares, and pexmures inte a singhe highly
enginesied dheer.

i
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Roto Molding (RTM)

This process B used o make the same
farnily of produect as Bow malding and
owin sheet (T TFE palles, basrels, and con-
tainers. Boto malding forms products by
placing plastc ressn pellets wathin 3 mold

cavity, shaped o the outside swrisce of dhe
desired part. The moeld i rotated on
multi-axis in an oven which meles the plas-
tic and the rotaton distribues i wichin
the mald. YWhen the plastic i complerely
distribuned, the mald is meved from the
aven o coal before the product is
remaved. The major sdvantage of this
process is bow cost tooling. The disadvan-
tage is the higher cost due wo the lang
cyele trme, and conorelling non-unifarm
material diseributicn

Single-Sheet

Thermoforming (STF)
This process id when a single aoruded
sheet is heated and pasitoned ever a hor-
izantally ariented maold and sealed ar s
peritieter. The air berween the meld wnd
heated sheer is evacuaned and atmvospler-
i presume forces the sheer to conform
iy the swrfsce of the mald. Plugs, which
help strerch the mararisl v create vertical
wiall thickness, are used o optmize mate-
il disvributon o crigcal aresxs. Marerial
handling indusory products, such as; pal-
bers, poves, rays, contalners, and compao-
nents are manufacired wing this process.
Orher advantages of this process include,
bowy ot protorype parts, low cost ool
ing, partally encapsulaved substrates, and
the full range of options associared with
exrruded sheet.

Twin-Sheet Thermo

Forming (TTF)

Twin-shesr charmaforming (TTF) hears
e individually engineered sheets, on Deo
edevidual molds, positioned horizontally;
ane above the other. Before the two
sheets are browght together to form a sin-
gle welded part, a stiffening substrate can

be positoned berwean the shees, which
then is encapsulanad by the welding step
The large size of TTF machinery, and the
high eooling capecity of tein molds, pro-
wide relatively high processing vohames.
The combination of high maperial disoribuy-
won efiicency and the abiliy e weld o
individuslly engineered shears topether
provide high performing holloes light
weight structures, Low cost custom pre-
rorype pares and moderate cost molds ane
additional benefits unique to TTF Pallecs
and contaliners are two major families of
rmaterial handling products manufzemred
with the TTF process.

—-—/ 4 :=
-—/'D;"O'

Com press ion Mﬂ'ld[“g

A soft “bob” of material, lnown as 3 bil-
Izt is placed on a two-picce horizontal
mold surface, which i mourted on 8
press, The mald is closed, forcing the bil-
Izt v confarm to the mold surface. Once
the condormed billes has cooled, it is
removed from the mald, The “Aow” thae
is created due to this molding process
allows for a variecy aof difficuls macerials
and soructural Bllers oo be produced with
variaus wall thicknesses and minimun dis-
tortons. Mo sophisticated processes
can mgect genaral billets within a singhe
mold far onorolled flow during compres-
sion
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Platform, Ccontainer & Tote (PCT) Movement
Within A Distribution Chain

MARKET
Mew , Used & Rebuill PCT
i
- Py ¥0 A
el i s = =
Contalner Fraduces P""“I"HE Distribution ;
Pronicder Pcr:‘:!IL - SRR o rviRer b s o Center ;
PO T m
b -
I
W "
b1
i I
I
Ird Party A AHHET
Provider
e SPFY ¥s :
_._——'-'-—-— ps Upig 1
I
Loads i
\ Cartons
Podnt of Sale Omly
[¥]
CHART KEYS minidill DEEEEEERD !
Loop Code Facility Storage Notes Tramsportation Modes
P Producer Stacks Few SEUs) OTR = Cvar The Road
v Value Added | Stacks & Racks | (Many SKL) il = Railfcads
i Distributor Raxcks May Ship Cartans Air = Air Transport
5 Poirit of Sale Displeys [ Ship
I Internal Use Spedal Use A5 RS Palet
Original Producer: The origmuer of the  ments may go direct o user while others ship pleel

product e campanent of a complete product
destined far the end wer The praduct may be
a fish, carrer, metl casting or a diamond.
Praducers oppically tend to stack products ar
uge High-Density storige spstems.

Value Provider: A walue provider receives
prudul:b: fram upstream and adds some value
bex it arvd

Meowves it downstream toward another
value-added ‘Eci|i|.'|-'.n:||=|:ri|:l.|l:i\:-n center ar
directly to the end user it may be an assembly
Bility, padkager, warchouse or bakery Value
providers may need to acoess many different
items 5o may employ rade systems as well as

stacking for storage.

Distribution Center: The Cistribution
Bility is after the last Rolite. The product
nterfuces with before the point of sale.
Digtribution certers usually ship product down
stream using PLT, cartons or bath Somie ship-

1o Poing of Sale fadling DC's may imerface
with several different markers and must facii-
tane the requirement of those madoes. (e
foad, perishable or auts)

Point of Sale: The majonty of prodict at a
Foint of Sale Geility is on diggly for end user
purchase. Some selector rack may be in wse
bt the objective of the faclity & to dsply and
r|:|p an the OC for 5|.|:||:4:.'.

Internal Loop: PCT may serve same spe.
dal furction within a Badlity, uswally for Geilitas.
ing a spedal procesdng ar storge concem
within the faclizy.

Trip Loop: The defired mavemert of PCT,
When the term trip s used it wsually has asso-
cinted with it a breshdown of hardling, when
laap is wed it is often a vague term. Diefinition
of trip loop is important to estimate “Trip Life"”
[the tatal rumber of tnps a preduct an com-

Loop Fleat: The total number of FCT with-
ira trip loop required to maingain 2 given
service level Float size calculations vary with
industry and customers.

Transportation Medes: PCT unit loads
are transparted a variety of ways. Each sub.
jects the PCT and load to dff=rent conditions,
These carditizns should be understood by

practicing professiarals.

PCT Provider: A manuficturer or suppler
of PCT may vary the corstruction and basic
material to meet requirements of different
markets, Paper and comugts providers are
rit imeluded in this descrption.

Third Party Provider: Uswally rents or
lesases PCT products to fadlities. Andior pro-
vides other logistics services,



vl
A4 UEp) ASTIC PRODUCT CONFIGURATIONS & OPTIONS

lastic matenal handing products
P fall itz three familics: platforms,

conminers and tooes, It is impor-
@mnt 1o become amikar with these cane-
gories because they will be refered to
citon M UpCoMIng SeCnicng

Most goods shipped in the logistics

industry use platforms, containers and
totes as their primary shipping produwct,
And the produces in these three families
can be conveniently combined into one
uniquee product far case in the lagistics
industry

The first family — platforms — gener-
ally described as having a simple shape,
provide protection and good mechanical
handling interface with cther shipping
products i, sip sheet, pallets, dunnage
Trays),

Containers, the second Gmily, is waly-
metric in shape and abso provides good
machanical handling cquipment interface
(i, sleeve pack, IBC and insulared con-
tainer), The third, and final material han-
dling family, toges, is designed to be manu-
ally or mechanically handied,

Each family offers a wide range of prod-
uct features and options for the markets
they serve, Sudlary produces, mech as
sheoves and load caps, enhance the per-
fermance of platforms, contaners, and
toies,

Tz fdlorw, are bricf descriptions of
comman products within the three fami-
lics, At the end of this unit there iz a
processiproduct distribution matrix, The
Commen Products Options matrix matches
products with imgortant material handling
features as they relate o2 specific markets

Mormally maolded as a single pizce with nine posts

9 Post Nestable (M)

414 entry® or legs. Comresponding pockets in the load deck

facilitate partial or complete deck-to-deck nesting.
Mesting cuts volume for more efficient pallet
storage and transportation.

Mormally malded as a single pizce with three
stringers and a contimeous load deck surface, The
contnuous deck maximizes support of the unit
load, When palles is stacked on ancther wnit load,
the stringer bottoms out stress by discribaging
wiight over mare area

3 Stringer (35)
ix4 or 1xl entry*

3 Runner Pallet (3R)

dxd or I1x4d entry®

Lises several components to configure a pallet
with three runners attached to nine posts (legs),
CHfers improved suppart in racking, conveyng and
stacking, Bunners can be in length or width,

Fallet oruck entry is wsually paralled to runner
making it very unlikely that damage will ocour rel-
ative to load wheels extending,

CHoen uses owa simnlar maolded pieces joimed o
aither deck surface could be the load bearing
surfsee while the other is the interfsce surface.
Uzes several components. This configuraton

Reversible Pallet (2D)
4x4 entry * [usually)

*4x4, 14, Ix entry: The first digic is the number of sides a paller jack, with a 3-1/14" height requirement, can enter. The: sec-
ond digit is the number of sides a life oruck, with a ™ height requirement, can enter,
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5 Runner Pallet (5R)
4x4 entry®* (usually)

6 Runner Pallet (6R)
4x4 entry* (usually)

System Pallet (SP)

Unit Load Cap (9C)

Pallet Sleeve (KT)

Llses several components. This configuration has
e runners posidoned perpendicodarty o a set
of three runners. In plastds pallers the five renner
surfaces are often a single amached {(and replace-
able) plece.

Same as 5 Runmer Paller except that twe sers of
thres runners form a grid-<connecting all néne

pOEs,

Dresigned to provide a consistent interface with
machinery used in automatc storage and
recrieval systems (ASRS)L. ASRSs Bl imo two
categories (paller features vary 1o accommadate
exch]:

Manufacmuring—This paller meant o be
used from manufscouring throwgh assembly. Ic's
designed o hald a part as it moves from one
manufacturing stef to the next and beowean
facilities as the part is assembled inco findshed
praduct (e automative pistons & sears),

Storage—Designed to act as a platfarm
for variaus size pallets or containers, which resc
praduct while being ransported or stored,

Formed as one piece. |t can be banded, belved or
affimed o a wnit load, This helps maincain and
pratect the koad by providing a pladfarm on
which ta stack ather pallers. v also proveces the
lead from damage due e banding. Oen used
with 9 post nestable pallets when stacking with
leads. (cap shown with paller sleeve below rghe)

Ulsed with pallet and cover to form a container
that proteces packaged produce, boose products,
or produce. Some palkets are designed e dauble
% COVES,

v IriEnda..




Pack Dunnage (PD)
Positive Weight Transfer (PT)
Mo Weight Transfer (MT)

Rack Dunnage

Separator (SR)
Book Leaf (LR)

Tote Bin (TB)

Container {CP)

Slip Sheet (55)

Pack Drunnage may be shipped onoa paller or ina
cantainer (see botam af page). This oype of dunnage
usually consists of separater trays shaped o posi-
dear a part ina ray o avedd damage and sometmes
frcilicare robotics, The trays are single or pin-sheet
desgn. Crepending on the requiremens, tene are
owiey basic oypes:

*  Positive weight transfer — Trays wie the
parts e suppart the weight of dhe traps stacked

upan each ather.

*  Mo-weight transfer — Trays are used when
parts are too fragle o bear weight without
damage This rype of wray s often more
expenive thanh positive transfer trays.

Rack Dunnage — Commaonly used in autameative
and ather metals manufeeoering. Plastc companants
are fasrened o customers’ metsl rack syspeps.

Separator Rack — Dunnage {see phota right)
is peierally lesy expansive than Boak Leal Dunnage.
SR parts can be quite long so adequate cofmpendga-
tieon for thermal dimensions changes should be pro-
vided.

Book Leaf — Formed plastic dunnage dhar is
hinged & fasvened o a rack. Each piece of hinged
dunnage protects like a page ina boak. Opening
each “page”™ allows pares to be placed berwesn dun-
Page creating protecson and easy recrieval.

Tote Bins — Usually handled and used lor stor-
age and transport produce, they can be molded as a
single piece or in multiple pieces to achieve stacking
or knockdown benefits.

This product is often mechanically handled. It can
be malded as ane piece or with multple campa-
nents to achieve knockdown benefits. Fork and pal-
lek truck clearance is usually provided and bottom

runners are often incorporated,

& fat sheet avadable in a variety of miaterials, which
may contain |:|n|;|-' e features: size and thickness,
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Ccommon Product

=
= = =z
Options £ . E
Faller expricns are intended o reduce the i _!n g } ﬁ. 2 @
intlal cost or cost of wse. (ie., coler provid- 8 E 3 E g e : ,3: g“
ed lower labor cost for sorting or identifi- 5 3§ E R 'E & w 2 . g §F = é
caor P33ia5:3F §ishiiig
§3:32453¢8 543853
Iracking & Security
TS Strige F# X X X X X X X KX A X ¥ X X X X X
T Lalor £ F & 8 & & x5 A L A A A
TL Labels L L A K X X A
TH  Hoat stamped graphics L N T A X x XX A
16 Silk soreen graphics ¥ XK ¥ X X K K K X X K E X
TE  Encadar x L X
TL  Logo X X X X X X X
T aecunty TIEeal A
Load stahilizing
1] Band groowve X X
Al Sl leck A A L
TR Fetaning balt X x
23 aurface A A
S Largz lip A A A b
LT Slemwve groove A A & K X &
Functianal [EFtEFITIANE S
F&  Arti-aratic x X X X X K X
Fz  Gate X A
F1 Cauge A & X
L Art-|am [nesting) R X
Fi Leg apening cover X K X
F3 SubsTrate F x Iy
FR Srackimest Fy
FL .ﬁ.lu;gnmer'nl: x
FF Hame retardant A K& A A A X &
FE Ano-microbial & L
FLY Doust Lip F
Bunti-slipiskid
AP Girip Lack Plus X X
AL Grip Lock A X
AL Ant-dkod Lrevice A K A A
Al Textured deck X A
Equipment interface
EM  Rack megh X X X
ESs Machine grip X X X X X X K X
El Irdea A A A
BEW Wings [doublefingle] X X
EZ Entnes: Txl X F F ¥ X X K F ¥ F X
| T
E4  dmd
Airigasifluids
Fv  Wentilation X £ X X X X
EL Dimim holes A A
KLC Leak contamment A

Frﬂ-:":-l'lllrrll-:’i.
GH  Hand halds X A X X K XK
Faatures and ofstions nat availalde on all produces.
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Assessing Material Handling Equipment

urrenty most macerial handbing (MH) equipment, such sions (marked with letvers and arrows), Measure the dimensions

as; it trucks, storage racks, conveyors, ele, are and record the infarmation an the " Application Analyss
designed for wood pallets. YWhen choosing plastic pal- Regore™
lets and cther plastic material handling products icis impertant ChoNenges accompany some illustrations. These are recom-
e carefully evaluate and messure all system elements to ensure mendations for methods 1o modify existng MH egupment o
praper functan and fic better accommodare the differences bepween wood and plastie.
Cin the following pages are illustragons of the commaon MH They can alss be wed with equipment suppliers to consider fea-
gystem components, Use these to idendfy dhe critical dimen- tures and oprions on future equipment.

Functional Differences of Plastic
It is inspeormant to understand stiffness, welght, fricton and accessibility characterisdos when considening the
handling of plastc pallets with equipmsent designed for wood.

Some characteristcs affect only one or two types of equipment, while all or most of thern are consider-
anans for other equiprment oypes.

The tollowsng mio box lists common diferences, situatons and equepment often associated with equip-
ment. Al of these concerns can be owercome by designing equipment o accommaodane plastic pallets, con-
tainers & wones.

¥ Stiffnoss Maost plastic pallets are less rigid chan wood. They may sag more when carrying
leads an unsupported spans.
Lift truckes, pallets, racks, gravty corveyors, ASAR compamants, AGY,
truckitraifer body floors

¥ Weight The sgnificantdy lighter, empry, plaste paller can bounce during transpartation. It
may vibrate off the inclined surfaces or have insufficient weight to un-nest by gravity.
Lift trucks, paller trucks, dishensers

¥ Friction Linit boad components generally slide more easly on untreated plastic pallets. This
may be an advantage oo a stock picker who manually slides boxes arcund the
surface to adpest the first few lapers. It may be a dsadvantage when shrink-
wrapping a lghe load.
Lift trurches, shides, dispensers, shrink wrappers

¥ Accessibility Vertical supports an most wood pallees are 15 Inches wide. Plastic varmcal
supports of this dimension can be weak but wider supports, while mech more
durable, reduce the size of the fork opening. Measune and record these critesl
dirensions usng the following pages for referece.
Lift trarches, pallet trucks, racks, dispensers

¥ Combustion The combustian characraristies of HDPE differ from these of wood. They
are both organic in composition and have several similarities, {i.e.; both
materials burn and redease water, carbon monexide, and hydrogen chicride)
Typically polethylene requires higher temperature to ignite vs, wood, but once it
is burning, pohethylene releases more heat,
Mote: Coll TriEnda for current fre related information regarding plostic,




Storage Racks

. ]
MATERIAL HANDLING EQUIPMENT ‘rTI'IEIIdaU-E

The majar concerm with most storage rack systems is the shape of the support surfaces which interface with the mllet, and the
location of those surfaces in relation to the pallee

.. Drive In/Thru Racks (RD)

Allows very dense storage by allowang access 1o paller posi-
dons with a minimum of floor space devoted 1o iskes. The
pallet support is often a contnuous surface so pallets slide
into racking syscenn,

P Selective Rack (RS)
Frobably the most common system,
albows easy selection amang a

maximum menber of difs
ferent items.

F&TE
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CHALLENGE: Adding
rack decks ar ather sup-
jport for pallets allows for
lowar cost pallegs by
eliminating the spain
which requires stiffness.
B wwire deck can redocs
pallct cost up to 300K
warmpared to a pallet
imaniulne tured witl agdi-

ticnal =tiffness,

B = SUFPORT

WINTH

P Push Back Racks (RP)

Lse incline redler systems o advance the last wnir load
o the isle. Additonal unic brads are stored by pushing
back dhe last unit on dhe roller systam.

CHALLENGE: & third wet of rolls reduces the clear span
prrmitting the e of lower cost pallets.

P Flow Racks (RF)

Fallers are |:||:|.a=d on the raized end of tha rack, and
redl ﬁ:lrw:rd._mal-:ing racem for anathar p:lllel: {rodls
wary in canfiguration).

CHALLENGE: Adding a
third, rmichdibe, st of ralls
greathy reduces the struc-
tural requirements {cost)

of a plastic pallet, Mast of
the load = on the middle of

the pallst so the middle set
provides greater support.
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Transports

This analysis of equipment deals with the support of geods oo pallets during oranspertason bepseen storage/distribudon facilioies,
amd truck, rall, ship or alr oransports,

P Lift Trucks (TL) - Automatic Guided (TG)
Various stybes engage pallers with forks which can have Vehicle

fixed or adjustable posicons. They can be placed in As 3 means to transport pallets with rowting instructions

rwi caregories: orucks which rust straddle the pallet supplicd dirccty from a computer. Methods of pallet
(51 and non-srraddle (N} useally cownter balance engagement and SUPPOIT vary,

*’ b w._.;___.. ; r"""==u.'- nfaludnpaiet
- . ?

'\. . i 1 -

tru:l-c:.

CHALLENGE: Tha

opticnal top cham-

for on lift oruck fork

tips double the

chances of cutting

plastic pallet leps.

Transport plastic Motes:

palleis with Tarks"
tipped bach

COUNTER BaLAMCE TRUCHK (M)

P> Pallet Trucks (TP)

Are wsed to lift the pa"et off the floor far bransport
while lcading/unloading and relecation. Typically the low.

ered hzilghl'. at load wheals is 325 inches.

CHALLEMNGE: Adjusting It linkags pecmetry so that the raied
position results in the forks sloping toward the rear o adding

rosugh surface treatments o Tork surfacs will prevent the Bght

welght plastic pallet from slipping off while transported empty
(especially freezer apphcations), Reinforced forks should not redoce
paller accoss.
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conveyors
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Caorveyors which traditionally move wood pallers can experience difficulry n efficienty moving plastic pallets which are lighter,
srncather and less rigid. Inothe spstems which cannot be rodified, the paller can be customizad for better integraton.
Ayramatic storagelauromaric retrieval (ASAR] systerns are often combinatans of conveyors, storage racks and It oreck mterface

eqUipment.

P> Belt Conveyors (CB)

Are often used on inclines where roller surfaces have

insufficient grip. Smooth plastic paller surfaces can be trear-

ad o increase resistance te shp,
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CHALLENGE: Sabect balts with molded grip patterns to facillitats

untreated less costly plastic pallers,

P> Chain Conveyors

Llsually consist of owo sorands of chains whech support the
paller. They vary in widch, style and length. Short conveyors,
sometmes called transfers, mowve pallers from one corveyor

o ancther,

- -

pounD LIk = CR

CHALLEMGE: ¥YWida Nak link-2tyle chains ane leis prons 0D sear
grooves in pallets. A third “center” chain reduces the chamce of

interference due to pallet sag.
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P> Roller Conveyors (CR)

Can be powered on gravity and consist of a single full

width rall or madtiple rellers an the same axis

Singha Widts Faller =% Muliphe YWidth Rollar = M

Shate Whesl Rollers = (Indicaie  the number of wheslk cn shalt |

j

Insida of gisdes

F f

SHOUE MDTH 20UUER = W

|
I

Shate Whes| Hollers = £5
{Mode the number of whests on shafi)

P> Ball Transfer (CA)

E F ]

Dften wsed in aircraft holds and custom equipment, they
are omni-directional in conveyance and are easy to
install. The small contact area penerrates plastic mare
than ather types of conveyors and as a result moves
with more effort,
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Other Pallet Equipment

When pallets are not bearing loads, they must interface with other facility equipment.

P silides (ch)

An inexpensive device which can be used in returning
empty palles- smooth pallers can accelerate vo high
speeds, Stopping the pallets ac the base of a slide
becanves 4 major concer.
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- Lift Slings (CG)
Often required by the Military, lift slings pose significant
canceris with plaste pallers. They can deformm contact
surfaces ar slip ofl smooth rounded edges.

CHALLENGE: Gravity is
aosirielifes insulfcienn
to light
waight plastic pallets
which nest bo save
spae, &n additional
i hanisim &lodild Be
employed to assure
pallek separagion,

P oF
DISFEMSER |

RETRACTED POSITION —17

riokE PRl SlYL
FALLET SUPPLRTS:

>

L —)
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Load Transfer (ET)

Are used o slide the unitized load fram one pallet (or dip
sheot) oo a plastic palle. Plastic pallets must be carcfully
aligned to prevent damage,

Reefer Trailers (ER)

smooth plasos pallets shide maore easily on alwminum Roors
which were designed for wood stringer pallets (Mot
requared for Post Palets). Reefers must often back dowm
steap slopes and stop with a jar a many store receiving
docks, Effectve boad restraints for stacked frozen goods
{slippery sue 1o frost or plastic peckaging) are recommend-
ed.

CHALLENGE: Specify continuous surface alurminum floors with
surface bexbure (Bo retard slippapge) and two sets of “E"
restrain hardwara installed cn each wall at unifarm elevations
5o standard restraining systems can be used and less labor
intensive anes can be developed and stamdardizes],

Pallet Dispensers (EP)

May be stand alone pieces of squipment or may be inte-
grated into systems. Empty pallers are stored in vertical
stacks and can be dispansed from de top or bottem of the
stack depending on design. Bomam dispensed units usually
rely an gravity 1o separare the dispensed paller, while
retracrable “dogs” support the remaining sceck. Retraction
s secamplished by pivotng (horizontally er verdcally) or

by diding support dogs. Piveting requires mare room from
paller space.

A
INSIDE OF DISPENSER 7] '

| . J——

i o
[ Wiatetes t RETRACTED POSITION

I FOR SLIDE TYPE
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lastic pallers envered the maeral-
handling industry in a wide variery
of designg and materizls, There

P

ware many competing performance claims,

and few standards for evaluatng therm.
Terms used for wood pallers, such as static
and dymramic, were inadegquate and sorme-
times inappropriste for measuring plastic's
performance. Labs, which determine static

Floor Rating

This rating addresses situations where the
bottom af a pallet is fully supporeed,
Ofeen pallets with loads are stored on the
facility floor, stacked upon each other, and
remain in that position for months or
vears. |his can create considerable stress
on the bottom pallet. Pallets may also
rest for shorter pericds of time an trailer
floars and stacked upon each other bue
limited in height due to trailer confines,
The limits a trader places on the ovenall
stack height, hence providing the bess
static stress on the lowese pallet, is off-
set to some depree by dhe dynamics of
over-the-road transportation.

Euperiznce, thas far indicates that
thermolormed plastic pallet failure is
mere likely to ocour to a bottam pallet
stacked in a facilicy where several unic
loads are stacked wpon each other for a
||:|ng pericd of time. Rather than during
truchk transport in 2 truck trailer (This
experience could change as usage experi-
ence increasesh,

PERFORMANCE RATINGS

anvd dymamic ratings use different test
meathods, And, manufacoeres aften publish
the fvost eptamiste data, which aften is
urireslistic.

TriEnda, whose prirmary business is
manufacturing plaste matenal handling
products, began developing wielul rating
mathods five years ago. Thireugh customes
erviews, inpermtional Brerature review,

Performance
Recommendations

TrEnda's performance rating sddrasses:
edquiprient access and product clearances
while bearing rated loads-all withaur
product darage, paller failure or creating
safiery hazards,

The standard TriEnda clearances are
3.25" helght for paller orucks, 3 fer fork

tines.

Application Considerations

The primary fctors which affect the satishctory performance of the product are

those which affect equipment engagement

# Temperature of working pallet
i FoRment

* Load amount and type of distribution

* Foor conditions: Sanc (facility] or
dynamic [transport)

* The available volume for sidewall bow

+ Bguipment: minimum clearances
required (oypically 325" for paller
jacks and 2° far fark tine)

* Products or packaging ability to
bear loads

* Product packaging abilicy o toderate
unewen deck surfaces

* The area of contace the product makes
with pallet surfaces, [Plastic cap of
beverage botte, end of steel drum} etc

* Consequences of a tlved calumn of
stacked unit loads due o paller collapse

v IriEnda..

and in-plant research, TEnda designers
develaped the industry's firse set of stan-
dardized performance rating tests,

Eighe ratings used in TriEnda's tesc
mviethads are: floor, fork, rack, comveyar, slip
resistance, durabilicy, pack (ratings fer pal-
lets cormerted o a package ) and Ble cycle
{derating consideration are alsa

addressed).

Test Methods

TriEnda's pallet performance abilities are
pested and measured e perform by main-
tainig the raved [oad diseribured dhrowgh
ai air bag ar ather means for a period of
26 haurs st T2°F in a special machine
which callecrs dara [measured in pounds)
at pepular intervals,

clearances, increased side clearances due

to sdewall bowing and loss of supports which cause product damage.
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Fork Rating

Fallets are supported by lift eruck fork
tines as its load is moved between a
loading dock and storage area. A pallet
rmiay be suspended in this condigon far
three or more mimstes: Powered pallee
trucks may support a pallet (being hand
loaded) far abowt 30 minutes.

Where ever a pallet is being support-
ed by forks a portion of it overhangs the
outside edpe of the supporting fork sur-
faces, The overhanging edges deflect,
destabdizing a portion of the load, The

Performance

Recommendations

The initial cose of dhe pallet muse be
comparad to the cost of usa, A lower
cost paller may not provide the stabilicy
required for high spead handling so ind-
tial savings are lost o increased han-
dling coses. While suppaorong a 25 col-
wnn stacked lead for thres minutes at
A%, TriEnda recommends a rasinem
allorwable deflection of 1.50%

arientation of pallet to forks can affece
the amount of m-'\erhnng aned re:u|l'jng
destabidization. Less stable loads must be
transported with greater care, usually at
greater costs,

Test Methods

Fla nadanal or international standards
directly address test methads nor rec-
ammend performance n this made.
Some industry groups are developing
recammendatans for test metheds and
performance vahees.

TriEnda tests dhe paller by duplicating
ac ol conditions andior dmulating condi-
tions with laboratery equipment.
Typically the paller is soressed in a special
compresdlan machine usng an air bag o
distribure the forces. Computerized
instrument’s recard paller deflections
using load and tme inoarvals.

Application Considerations

The primary faceors which affece plastic
pallee defection are:

FOfE_LOa

(ONT Oifsalled CamIOLTAITIN

* Load waight distribution {column or o™

1
brick stack),

+ Tamperatures ever | 207 F can
significantly reduce strength. Trailars

can resch 1407 F in the Southern &
Wieetern LIS

= Failet pverhong. Like wood, plasde creeps,
bast often at a higher rate): most creep
ocours in the first manuta,

* Thas fork penetration into the deck
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W
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designs are softer or weaker in the fork |-

surface (see illustration): Some pallet |_ —|ll

support areas, These pallets must be I
transported slower to accommaodate
destabilizing forces which ocowred

during movement. |

= Corpo choractenstics Very weak pallers
can deflect te an extent where fragile
carge could sustain damage.
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Rack Rating

Rack syspams are designed o balancse
storage densiny with accessbiliny. Thires
popular rack systems are: deive thiw,
selecrarn and gravity feed racks. These
atd ether rack systems may be combined
inte & total material storage syscerm. The
revtal sysperm will aleo inchede manually
operated (It vucks) andfar fully aueo-
mated machines to place, ransport, and
retiieve pallets from the rack systems.
Tall dense starage facilites can also have
a mdnimurn climate contial Pequirement.
The size of the Fork entry window can
directly affect the trme and cost of
retrieving pallers from soorage racks,

Performance

Recommendations
Accessing pallers in a call rack systern,
whille the cperator is ar floor level, can
be slow. Auromatic fork positoning
equipment can have a phus-minus toler-

Application Considerations

The majer consideradon is maost likely the pallec’s abalicy to minimize deflection while
safely supportng a unit load over clear spans, such a; rack beams, comveypors, and ather
riechanized equiprment=which does not fully support the pallet. As the pallet s sus-
pended, the resulting deflection decreases the fork-entry window (making access more
critical) and decreases the avallable equipment clearance. IF equiprient clearance

i5 nit malntaired, mechamzed systems can shut down resuloing in grear costs, The fol-
lowing consideratons should be evaluated carefully in cooperation with the pallec

ranfacourer;

aree of 0.5 This wlerance, plus a 1.5%
inch thick fork, plus allowing a 0.25% con-
struction tolerance to top and bottom
clearances suggest a minimum fork win-
dow of L75", TriEnda rates pallets by
determining the maxemum, evenly dis-
ribuced load a paler will bear over a
specified chear span while supported by
15" wide members at FI°F for 12 hours
without detrimental damage. This rating
considers the compresson of supports
(leps, posts, stringers) as it relates to dhe
fark access window, The pallet must alsa
bear a | 50% boad under same conditions
without sustaining detrimental damage.
Mational and international standards sug.
gest limiting deflection based on percent
of clear Span but de not factor the
accessing cost caused by limited fork
entry Wil

Equipment clearance by ane ndustry
study suggests that deflection should ke
linvived v 0.5 regardbess of span,

v IriEnda..

Reducing deflection beyond practcal
lirnies adds cost which may not be off se
by cthver fearure values (ie. longevicg,
e ).

Test

Most standards prescribe flexing te pal-
let deck in several positons wsing teo
supports: rack beams and two line loads.
Thiz methad is simple for comparative
purposes bur does not dstnbute the lead
and fails 1o create deflecoon data which
cam be more directly correlated to wser
requirements.

Tribfa's vest nvethods use an air bag
in a special wst machine. This machine
evenly distributes a lead across a pallet
deck while it records load deflecticn and
tirme values., These values relace o fork
ey wamnios and equiprent clearance.

* Allewable equipment clearance

o All unsupported spans and ime on span — =

* Temperature ranges [temperature affeces
palber stiffress)

* Load amaount and type of distribution

= Type of equapment used oo sccess pallers

Rieduced fork-antry window and sysvam inter-
ference are the bave major considerationg in 9 ' i
paller selectan and design. “ane b foeane |

S L

[ el
(]
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Conveyor Rating

Mechanization reduces bor costs and
increases efficiency. Fallets handbed with
automation maust have consistent quality
and shape. Conveyors can be hard on
wood pallets because the high-gaint load,
and vibration of rollers. Wood irrepularities
are also appravated. For example, wood
kreots loosen and fall out, wood splinters
and break off. MNails loosen, allowing
boards to hang and catch on equipment.
Wood debris lodged in automated equip-
ment cowld shut down some or all parts
of an equipment system, oreating a
mechanical system failure,

M wisieor o an awtomated facility which
uses plastic pallets often natices the
absence of wood debris beneath reller
comweyars, The toughness and consstent
quality of plastic pallets are particularly
beneficial to the operating cost of mecha-
nized systems,

Powered conveyors tend to have full
width rallers with a high degree of pallet
movement. By contrast, gravity conveyars,
respecially in push back systems and gravi-
ty pick stations] tend to use rollers which

Application Considerations

The focus s on pallet performanee on rallers. Bath powered roller conveyers and
graviny conveyers beth using a slepe, have commaon considerations:

COMYVEYDS FLLLER LO&h

i AT

relling effert)

contact

* Slope of reller bed

= Diamerer, face profile, length,
spacing and arrangement of rellers

* Temgerature of paller (affecrs

* Load amount and disoribution
* Type of physical puidance and

= Operaton requirements of non-
CONTAcT equiprnent (Le. scanners,
pheoto devices, Imprinters, ec.)

do not offer fdl support—a dhallenge for
pallets which may sit stationary on rollers
for a longer period of time. Thase two
conditions make interfacing gravity sys-
terns and pallets more difficule to satisfy,
The basic expectation of a gravity feed
system is an understrained pallet should
begin ralling, If it doesn't, parsonnel
maybe tampied to compromise their safe-
ty to initiabe movement. As with wood
pallets, rollers with inadegquate support,
can dent the contact surfaces of the pallet
cwer time this will increase the fomre
required to initiate movement, Increasing
the slope creates higher initial force but
also produces hipher speads which upon
stapping can upset the koad. Shack
absarbers and brakes are sometimeas
employed to contral this shock,

Performance _
Recommendations

Familiar nacsonal and intemational stan-
dards do not address conveyance ssues,
TriEnda focuses on grawey raller systams

I —
PERFORMANCE RATINGS

and recommends that after bearing a sta-
ticnary rated load for 12 hours-on a 2"
diameter, full-support reller, spaced an 4"
canters—pallets will roll fresly on 2 3.5%
prade.

Test Method

A paller, with an evenly distibured load s
arranged on a tile table using a 3" diamse-
ter fll-supported rollers, spaced oo 47 cen-
ters, At the end of the 12 haur candizicn-
ing period, dhe table is oleed at a constant
rate unol pallet movement has coourred.
The sbope at which movemaent has
cocurred concludes the test resules. The
poal for a product design is 3.5%.

It should b noted the factors which
affect the inlmadon of movement in acoesl
gravity systems are so varied (e, quakty
of roller beanngs and eccentriciy) it is
mit pracuical te antcipate all appcations.
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Slip Resistance Rating

Transporting a unit load induces cenerifu-
_g;ll {cenier) acceleraton and '-.'ibraring
forces, These movements tend o causs
the: load 1o shift on the pallet deck
andior the pallr,'r o shift om s SURRGIT
surfaces, which may cause accidental
r_I:.rn.agn o iniury—rmulnn_g in aloss af
efficicncy and profic. The slip resistance
5k} ar co-efficient of frictian (CF) are
addressed several waps to suit the mdi-
widual .;pr.lir_:'rinns. such as:

* add on rubber anti-skid device
(rubber pad)

¢ spray on anti-skid surfice

¢ |aminate swrface

« mold in surface features

To maintain adagquate interface, sach
pallet surface-which is in contace with a

load and handling equipment, must be
evaluased for its suived appcason,
Shrink wiap anilor I:-.anr_ling are: often
used to retain load pmi'rinn

Maote: When a p:ln‘r with anm_g;lr{'-:l
boxes tip, the boxes uswally ship an each
other before they slide on the paller

Performance
Recommendations

Industry recormmaendations ane vary few
and begin at .15 CE Much research st
be completed before pracocal and pener-
al recommendations can be made.

Test Methods

Coefficient of friction testing cquapmant
is usually sophisticated laboratory-gpe
cqupment. Data gachered in the lab is
often hard to collaborate in the fiold
Mnsrl:,' war follonee the j.;p.;nmr_r oSt
methad far determining relative (SR} val-
ues, Our mechod uses a tile table and
.'-Id.'-IFIl'I'-.'r‘: APparams to samulate ©ondetions
of th three palet surfaces, With the
rared load evenly distribured on the test
palles the table is tilked at a constant rate
until the pallet slides. The angle, ac that
point, is the result. This roaghly corne-
lates o state coefiicient of fracton (the
fAngent af the .an_gln:l wvalues

Application Considerations

The three surfaces considered are: load surface, fork contact surface, and pallet sup-
port surface. Major factors which consider effect slip performance are:

= Surface conditions, (.2, ice, o,
water, oil, arc.)

# The oype of matertals in contact, (e
plaztie te plaste, plastie to wood, enc.)

* The hardness and texture of the
contacting surfaces Pallet surface
feamures and teotures (molded or
sprayed an) are designed to penetrate
safter surfaces, such as; paper,
cardboard, wood, etc

* How much Slip Resistance SR is
required?

= When SR Prevents persconel in
distribudon centers from manually
liding the boses inoo final positon
on the pallet it adds cost to
distribudon. Howewer, pallet
retention o fork tnes seems oo
have neo lirmic.
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* Paller support material: metal shelving,
metal trailer bottoms, new trailers with
armeath new wood worfaces,




v IriEnda..

Durability Rating

Pallets rust endure the rigors of normal
handling. The defniticn of abuse will vary
with each situason. Abuse s not so
raech associated widh a partiodar han-
dling methosd, but with how that mechad
effects the life of a palker. Throwing a
woond paller to the floor from the wp of
fiwe foot high stack may b2 construed as
abuse, because it aggravates existing flaws
or locsens joints. Howevar, when certain
realded plasse pallets are handlad in dhe
valy same manner and exparience no Il
effects, (due to s one plece constrection
and resdient matarial) throwing rvay
become a normal hamdling techniguee—
reducing worker faogue. Some handling
techniques require shoving a paller with
fork tips to re-position before engage-
ment frem ancther direction. The end
profifes and faces of fork dnes and paller
rrucks create vary high local stress which
can easily damage pallers, this may be

Application Considerations

pallet.

* Size of dock ares

raunded tips)

o Traffic level in dock area

+ Type of fork tps used (rotons
shaving actan best handled by

* Thickness of fark tips (tps are
ShiFP{‘lﬁd throasgh floor abrasicn)

* How aften pallets are re-oriented
* Load amount and type of distributicn

= Equipment clearances under pallet
|sometimes palet jacks must shove
because they can't gt under
overloaded or inadequate pallets)

= Temperatre of palket
Train push handling cccurance

cansidered a rough handling rmethcd.

Performance
Recommendations

Industry in general has no recommended
durabilicy performance levels for plaste
pallets. TriEnda expeces dhar a plaste pal-
ler baaded with the raved load will endure
the low spead impact of 3 powered palle
rruck and the repoditon {rotatan) using
fork tips on dhe paller surfaces. These
shoadd be accomplished withaur material
hlu.lk.lgu or legs.

Test Methods

TrEnda uses some of the same test
methods used to determine the durabilicy
of wood pallets to assess durabdicy of
plastic palbets. The rating is established by
the height of a comer drop cest {similar

I —
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e ASTH 1185) and the abilice of a pallec,
bBeanng the rated lead to b2 impacted by
a | 500 pound powered pallet oruck trav-
elng approximately cne mph, The comer
drop test is measured haightlinches and
the pallet oruck impact is measured inch-
eslsacond.

Mote: Cur design procedure designaces
the marerial on the perimeter of a deck as
an npact zome and wses a design strategy
for matenal behavior to telerate antopart-
ad impact methods and kevels.

Mote: Most common form of detrimen-
tal paller damage is ot kegs due o fork
Tips.

The dock area is the facilities maost likely area for damage to occur: Limited space and
fime to maneuver may promate shoving and impacting the pallet. The irregular sur-
faces of dock plates may offer resistance to movement and increase shoving foroes,
The fclowing observations can be made to help assess the required durability of the
(A (T
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Pack Ratings

The pack rating mdicapes the ability of a
container o suppert intemal and excernal
hads, The container can be 3 rigd wall,
kncsch-down, or of sleeve-pack rype.
Typically, contasners secune and protect a
wide variery of contents frem damage,
(e Clethng, Nuids, auts companents,
etc.). The content may be carafully
artanged or random. Contalners ane used
thiraugh-eut dhe logistes industry, but the
fatures and eptons vary with the mar-
ki=rs in wehich they are used {Le: Fead
Frowwers require ventilation featwras, whils
albeametive requires dust protection. ).

There are three areis of cancern
regarding physical performance of contain-
ers, While supporting loads and maincain-
ing equiprment clesrances,

1. SIDE-WYWALL BOW — Containers
became wedped into lecations and are
difficule e remove if the side-walls
increase the foot-print size by bowing,
The bew is caused by auveard pressune
fratm the conpent and varies with the orpe
af kaad, Devwrward forces from
stacked containers alse contribute 1o
thie b, Thee bows will sometinmes
increase due o ransportatdan dynam-
ics and temperature changes, A single
laboratary pest cannet reasonably pre-
dicr sidewall baw, which i ofuan
uniquee 0o applications {ie. heads of
cabbage o awamative doaor knobs),
Test values can create a good compar-
isan from ane container design
ancther, and indicate which may affer
more pesistance oo bowing.

1. FLOOR CLEARAMCE —
Adequate loor clearance is important
tor assure acoess to palles and fork
trucks. Deformations are caused by
the content and stacked units. The
comers of a container sidewalls sup-
port the mass weight of stacked units
being transferred, Typically, the most
stressed area is the top edge down o
the corner legs,

& Sl.g:mrl'.cnncih-:lu s, wiark:,

+  Aeeaiable vollime ior sideeall bosw
+  Clearances irmde koeded  container

*  Bouipment aocess dearances
Load bearing ability of content

3. FORK ACCESS—

Defermatans caused by stacked unics
reduce the operng fork ruck aceess
apening. Effarts te maximize 3 contaimers
volurse aften minimizes loor and fork —
failure to consdder defarmations caugsed
by varying load conditons. Bxeessive
deformations may cause damage to con-
vt anad prohibit foerk entrey

Performance

Recommendations

The bow 3 sidewall should not increass
a rated loads footprne by more than one
inch on aither side. Meaithar showld it
reduce the fleor clearance oo kess than

3. 25-inches (If designed for pallet trucks)
reor the fork access to less than 1.5-inchas
within a 96-hour parad (maost deforma-
ticns cocur wichin 24-hours).

Application Considerations

Containers are used to ship a wide
range af Frnduct: . The prnduct:
Can vary from tomato paste [he:wp
Auids) tor beosced ?I:t_': -I'ilgl'll: SEMi-
rigid}. It is very difficult e predict
deformations of a specific application
uging only liboratory tocks |

Temperziure and humidity of continer
COMTCIMENT
Load and the gype of distribution

OOV, i

EEVE BOW

=1
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Test Methods

Sidewall Flex Test — Air pressure s
increased within the container by wse of
an alr bag while the cover is restrained.
Sidewall bowang is measured ac regular
intervals.

Cower Strength — A concentrated load
is appled o a container whech is stacked
wp=on ancther container. Foroes are
recorded at meremental deformaticns.
Fork access opening is related o defor-
Mations,

Stack Strength — Two stacked contain-
ars are pleased within a press instrenent
o reasme foroe, displacement, and side-
will biovwing. Floor clearance and fork
FCess are alse monitored.

[ 1n7
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Life Cycle Rating

The total economic performance of
shipping paller er container can anly be
determaned by estimating ics useful life.
Trpacally, a Be cycle test is defined when
the sequence, tpe and freguency of pallec
hizrdling operstion’s moves goods from
atte paint 1o anather inoa prescribed
cyche.

There i ne industry defnidon for a
sepies of defined handling aperations,

which make up a standard cpcle.

A paller handling egeration wually
relates 1o a pallers interacton with egquep-
mant and leads. The definigon per han-
dling rest protoceds vary with user and
industry. TriEnda's promecal ratng i com-
plid fresm major industry soudies.

Cost per trip

Plastic product desigrers can not apti-

I
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mizes trip life without an accurace defin
ten of dynamics foe each handling and
sequence of handling which define 2 trip
(handling & sequence wary with markers).

The lkgstes industry will realize signif-
icant savings through plaste material han-
dling preducts when an acourate univer sl
definiticn of handling dynamics is avslable
i designers,

Load Treatment Vs. Pallet Deflection

LOAD

RIGILy BRICK COLUMMS LOOSE SEMI-FLUID
dlrerkeck’
i | R
=1 || H — Nl
'|' i l_'-"w-';_ﬁ L — ~
T || e o r-.,_..,--}' e xT*b,l-_;,"drf
Mon = Plost

“PALLET DEFLECTION ON FORKS

Fark load ravings are mesred in o2 laboravory. And values are established by messuring paller deflecton. Semi-lud loads have the mast deflection

and rigd loads baee the least deflection,

O the five load wrearmerts illuseraced, &l are reiable and can be duplicated in 2 laborarory. Uking laboratary equiprnent to measure paller deflec.
tion on actual apolications is poer practical. This is due po the large number of varables ntroduced during testing. The allawable deflecton alse
cepends on the wique conditions 2 wer subjects o a pallet. bome conditions ard wmnables are

* Leoad construction

and content.

* Transportation
+ Load retention:

= Wser facility:

Moda, duranan, chrmate, and floor conditions,

Width, thickress, tersion, ard type of banding or wrap

opseration speeds,

*  Temperature:

Size, shade, weight, temperatire, humidicy, surfece, materal, dersicy, and rgidty of container

Type of equipment, mareuvering roam, amount of traffic an fadlity foor, loor grades, and allowable

Elevated temperatures may reduce plastic stifiness. A trude or trailer's temperature may reach 1400 F

At this temperature, 3 palless boad capacity can be reduced by 40%, Compare this to a palles's koad
capacity 3t T1'F Sub-zers temperatures (i.e, freezers or northern winter climates), make materials like
pypropylene — wed in tote bing and container sidewalls — maore prone to cracking under impact,

Each user must carefully consider the application requirements and accept final responsibility for a
pallet’s suitability according 1o its intended wse,

=
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SITE TESTING

CHren a prospective buyer of plastic pallecs will requess a variety of samples o evaluare. The manufecourer’s performance data
may be unclear so comparison tests may need to be scheduled in order to select a palles. Sugpested procedures, which examine
some of the mpor@ant performance characreristics of plastic pallets are as follows,

Plastic Pallet Evaluation Procedure

The advantages of plastic pallets are rapadly baing understood and accepred. The potendal return on investment is often
to great to be ignored. Because of this fact many new plasoc pallet manufzcoerers are beginning production and mose if
nt all, are willing 1o send samples for evaluatdon in order to galn sales.

This evalwation procedure has been designed oo help develop an accurare assessment of different loaded plasdc,
Thres areas are assessed: stiffness, impact resistance, and general features.
First: Determine the type of pallet being tested.
Method of Manufacture: Thermoformed
Injectica malded
Roromnolding
Blevsmncl ding
Type of Plastic Usad: High Crensity Polyedvdens (HDPE)

HOPE wich additives {mica, talc, etc.)
HDOPE with fcaming/expanding agents

HOTE:

The USPS study done by Michigan State

Uneversity determined that Twin-5heet Thermofermed Pallets made of HDPE have the
best overall parformance,
Mote:  Add@tves to enhance HDPE stiffness may make preduct more britte

Weaight: Cornpare weighs,
The kghrer pallet, with its recommended soffeess, is more desirabde. Lighter weight
pallets direcdy relates to increased feel savings and fewer back injuries,

Second: Develop & Pallet Comparison Chart.
List features dosm onse side.
Indicare the diferent pallets across the top.

Create a grid waork and check the boxes appropriate e each vendor,

Diecide which features are mcst inportant moyour appdication and compare
this o the charc
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Its time to start the evaluation!
STIFFNESS

. With the pallet an the floor, load the product in cobenn or brick stacks, for a contralled test, we suggest using
tightly booed goods which have 3 foot print of 8" x 107, This will provide 2 5" = 5 pattern on a 407 x 487 paller, wich
an inch overhang on the 487 sde,

2. Erch marks on the top of the boxes 1 an both sides of the calumn space.

3. Center the pallet wruck under dhe paller in the 407 direction {make sure the forks are under comgletely), lift off
the Boor This positioning must be exactdy the same on all pallets tested,
Remember; This position must be sxoctly the same on all pofets tested

4, Measwre the increased space berseen the marks. Allow the column te lean ourward, new record the
indicated spread.

COMNCLUSIOM: Compare all pallers tested. The paller which indicaves dhe least spacing (less calumn lean) is the
mast Figid.

IMPACT RESISTANCE

Hedd che pallet over the edge of the leading dock with coe comear down,
Do an the pavernent,
Repeart the west on all four corners {some pallecs may denc, odhers may break apart)
Record the resuls
(MO-Mo Camage, D-Camaged, B-Broken)

MOTE: Some dents may self-heal inoa fews hours.

COMNCLUSION: The paller which exhibits the least damage has greater impact resisrance,

If ic can be arranged, photopraphs of test results should be taken for docurnentasion.
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Load pallat with baxas

af unifarm size rWith polletl on the flocr, 3"

| ploce maorks cn boxes
17 in from the sdge.

Stack hoxes in
Fealumns,

|~
Do not legve

L~ 2 geo belwesn

|~

calumns,

Paositign forks under
marks on pallet,

Tatal ioad on pakblet
shauld represent
fotal averoge load

fo e csea.
‘Pallet supported by forks. |
| 1 PALLET GECK DEFLECTIONT" ﬁiEEEENIEEI' APEROK, |
PALLET | PALLET = oo
| WFGR. | WEIGHT | & 2 ¢ o AVERAGE OF | crackep |ToMP OF

ALL 4 COLUMNS| SRgREM | PMULET

i
= e =

Swagmure change o calumn spreod, 2 ominutes after GRing
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