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A Study on Flexible Pallet Design for Assembly Rationalization

Hak Soo Mok” , Jae Man Lee” and Tae Il Yang'

ABSTRACT

In the assembly system, a pallet plays an important role of transfer and storage. As products become various, many
different pallets are also necessary. Since some of them are redundant, a design of pallet with high flexibility is important.
This paper suggests design alternatives, in designing pallets with high flexibility. The purpose of this study is to
rationalize assembly process of mid-small size products. Every pallet has suitability values depending on characteristic
factors of a product, and this value is determined by using AHP (Analytic Hierarchy Process) technique. As the
characteristic factors of a product are changed, the suitability value is also changed. Design alternatives can be found by
tracing change of the suitability value, which are based on correlation between the characteristic factors of a product and

a pallet element.
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_ Solution

@ increment of pallet shift ® Simplification of product structure
® Increment of time and cost for shift

® Study on shift method
® Waste of all matters for shift Suggest alternatives in ® Security of working area
® Shortage of working area designing flexible pallet ® Flexible paliet design

bk

Assembly rationalization

® Reduction of pallet shift and holding volume
® Cost reduction for pallet maintenance and repair
® Flexible adaptation for changed assembly system

Fig. I Necessity and objective of study
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__Related to Product

Unrelated to Product

Static Dynamic
characteristic || characteristic @ ® Loading
o Sh Contact volume
ape ® Contacl . i oading———® Arrangement
®Si condition relat}or_1 ® Loading
1ze ! for details
. @ Loading type
® Weight ® Direction ® Loading
©® Material of placing space

Fig. 2 Characteristic classification of product
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A7) Finger size, Hand size, Portable size, Box size & Telo] HAs oL & A AT e
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Aok a2l M AES F AFEOE A
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Unit: cm
Clasein- Defiition Dimension
Name Spherical Disc Cylindn- | Conical Heexled | Corvbined
shape shape |cashape| shape shape | fomshepe Finger | Size for Grasping and MOVING | sonerical part Rs5, L&D<S,
i size | product with finger R ASB&C5
sl O 21210 1F 19 | s O ~ues
« part
Portable | Size for Grasping and movi , LBD<50,
Name | Sqere | Pae | Pyamid Imeguiar | Inter size pro?luoctrvmhs;?rgaar?nsm“ng @ pvrhysen
shepe | shepe | shepe | OBW | locking _ , —{ p e
shape shape Box | Size for transporting by USING | squarepat R<100. LAD<100,
size simple implement A A&B&C<100
we| () &7\ (D B | n ey A T
o e
Shape |MateriaI“Weight Size
Static characteristic
Related to product >
Dynamic characteristic
Loading Contact |}Direction of
condition placing
e s/h,mzy’é%/ﬁ e
. . . . ape rection o e numoer o
cation Point Line Surface | Being not right type placing direction
el &9 -
condition L My 7 7 8
Point Line | Suface | Complexshape & | = (D 2
Definition | contactin | contactin | contactin (Difficutt to )
products | products | products | - loading) B/ =7

Fig. 3 Classification and definition of characteristic factors related to product
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Classi- ;
fication Volume Definition Classification Definition

1 Only one kinds of products, Worker Moving by worker
Special- 1 product - -

Moving by worker, paliet with roller
purpose 2andover | ONy one kinds of products, Roller i ol
In large numbers Conveyor On the conveyor

1 Products of various kinds, - -

General- 1product Forklift Transporting heavy product
urpo Products of various kinds, ~ - ;

PUTPOSE | 5 and over in large numbers Vehicle Moving by flexible flow
I, Z Z

Scope of product loading

Transport equipment

Criterion for pallet classification

Classified by Loading product || Classified by use
Z m&m—

Types of shape Definition Classification Definition

Flat shape Without support, opening on all sides Transporting Moving among work area, unreiated to working
Partition shape | Flat or box shape with partition Worki Moving via various process with assembly

Box shape | BO% ype with supports of various Kinds, without orking work, case of flow working

partfion Storing Storing for long time or storage of part,

The rest shape | Loading of product with special shape such as bolt, nut

Fig. 4 Criterion for pallet classification and Example classified by shape
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At} Figs = AEF FHel ZH9 7€ 5’ g PinAYOT EHIAI, Ir= HA ha
oto] 4AAAE Yebd o)y, dAGe s 2 o] A7)} A &, Y Wl we} A
o 8428 AAsEd ojgd. 48 W Ron, AHL AgAe) e os) AFH &

r_{

O

o P43 471§ ARE wWe AF AA 5 Atk A7]A wAgRozE #A FAHQAV
A QoA A 7], 22 AF 9 5L g = gt}
2% 9FE 9 £7F Aok kg FAS ERHE HzeirE AU, £&2, &8 &3ol, ta,
) AR ATE B FHALE Han BR AW 5oz Fug a}ﬂzrﬂ Aag8e dagolt
st AHEEAT olH g FadAE AT I E’a‘Oﬂ w2t ME 7hsetrh AR e BARGE N E
92 ARBAT udsel A B AYYL ), FEAG4W AH 4V BY 5oy
A7sterl o) 8Hy, e HA AdELS A ATHS].
7] 9T ArEE AMEHI A 161“2 A&
53 REo #9 72 ‘i’e}&iﬂ«] 2aa 4. FEME s T3 MHA A
g uziste] B FHL2E A WHAY 1
2248 Uyt o] FollMe AF 5 AR A EF8
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zred, 342 2 Fejol whet Flat . Part A4 F 5yl 719 leu‘v\oil web Fo) A3t
Product characteristic
Pallet Related to product Unrelated to product
Character- . Mate- . Loading | Arrange- | . . Loading | Loading
istic Shape Size rial Weight volume | ment Direction Type space
Shape [ J [ J ® ® [ ] ®
Size o ® [ J ® [ [ J ®
Material [ ]
Weight o
®: Relation
8 " Flat
Pallet . = Sh
Definition o ape
component g _ - Part insertion
®  Basic component of pallet 8 Size
Plate ®  Broad for lifting object ' © Pin fixing
®  Piate in itself is able to be pallet 5 ] Material
Support To increase safety and support of object ;
0N 3 i
:g Roller | To increase easy of transporting :§_ 4 Bars
3 Handle To increase easy of grasping for worker ; %' Both sides
Bridge | To increase easy of storing and transporting ‘5 . Cross types (4 sides)
Cover |} To increase protection and preservation i ] Board types (4 sides)
=

Fig. 5 Definition of pallet component
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’ Pallet classification I l Pallet types J | Product characteristic ] |_Flexibility l
Flat Suitability value
Loading uitability
Sh Size Material
Worker / Part insertion = @ v%ujne @ ’
Part Transporting O Pin fixing =
General ‘
LN Partitioning o @ @ . "
o ] OROWO |
Box
| -
P . Grate-box @ @ 0 Change of
O Half open for loading | ‘ } inrorr?nd:t%n
L Cell chan: |
Vehicle d v oy v v Y
Drawer type Factors for suitability decision ‘ Design
Special-purpose factors
r

Criterion for derivation of design factors

Fig. 6 Systemization for flexible pallet design



oty ol FHY - ¥3HL IR AW ALE

Sulitability criterion of shape [ ————— . Product protection of pallet
o S R S e R B e e L°w pm‘.ction —m m numr
: Protect}

Product safety . i of breakaway | of contact “factor
Product rolling i jGusction | point

Pr ion of pali 3 and over 1 1
Loading & multi-direction 7 ‘. 1and over 2 2

Direction of £

% »., breakaway :4

[
A9 Bl s

Product
E’ safety 1 3 2 3 2 3 3 3 3 3 2 Direction of
‘g rroduc breakaway :2

roduct | ., | A A b b Al e | s A a0 Tt
@ olling 1 3 2 3 1 2 3 3 3 2 1
b} .
€ || Product
H - 1 1 1 1 1 1 1 1 1 1 1
2 | protection |
.‘g Loading i Legend

& muiti-
o dir:;ion ! 2 2 2 i ! 3 8 2 ! ! ® Range of value : 4 - 12

® Unsuitable value : less than 6
Sum | 4 9 7 S 5 7 10 | 10 9 7 5 1:Low 2: Medium 3: High

Fig. 7 Suitability criterion and example of shape selection
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Criterion
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Alternatives % y 6 ? @
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LEVEL t

Fig. 8 Example of AHP Tree construction for
suitability calculation

Product safety —+ Pairwige matrix (Scale : { ~ 9)
A B C H A B - H
T T T ? 7 ]
Al 3 3| A| T‘% 4‘25_ % i | Relative suitabiity |
! | N
[T 3 . A0 ‘
8 Nommaizaicn B‘ EVIRET S - ‘ 8 (0 " ‘ !
c 3 1w 1 —_—— 145 148 2% | c| 0ose | |
! N ] H
i ; g : i i P
; ] i
[ | P4 o4 o2 !
R o Ml G% s = [ Hiooss ) |
Product Product Loading &
o o ralting Matb-cirection
(ooeY (o103 (021 Logend )
i ome | 0.0s6 | o070 .
| coss ' ° o0oss | 0.048 A - Disc shape, B : Cylindrical shape,
i [ ! o € : Conical shape, D : Headed shape,
i [ i L H E: Combined shape, F | Square shape,
Looe) Loover) oom G Piate shape, H: Pyramid shape

a
b
c
d

Fig. 9 Calculation of Relative suitability
(example: product safety)

a b < d

3 2 2 a ("0 398
W31 1 e Normalization | ] 0. 085
12

e '
4 1 172 c| 0218
4 2 1 al 0299

2

Legend

A : Disc shaps

8 - Cyfindrical shape
- © : Conical shape

D : Headed shape
€ : Combined shape

a b c d

¥ : Square shape

G Piste shape

H : Pyramid shape
a: Product safety

b : Produot roling

© : Product protaction

A 111 0303 D093 0121
B 0111 0056 D0.118 0070

H 0058 0081 0079 0088

d: Loading &
muyiti-direction

Fig. 10 Overall priority decision combined relative
suitability
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| Weight determination of suitability factors ]E'j>\7 Relationship Chart |

_stapery | —

ot S

s |+

Loadi >

volume (°)

TS <
]

=

Preference
Low
Medium

High

{ Shape (%) = 21/33 = 0.64 —l

(5 (0+P+149) =33

l size®)= 9/33=0.27 l

Material (X) = 2/33= 0.06—1

andlng volume (3) = 1/33 = 0.03

Lsmpom ” Size (1) ”Mmrhl(ﬂ” JLoading

0.034x0.64 0.14x0.27 0.14x0.06 0.14x0.03
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Fig. 11 Calculation of final suitability value by relationship chart
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Fig. 12 Relationship table for derivation of design alternatives
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