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A Study on the Heuristic Algorithm Development for Load

Balance Ratio Increase of Workers in Warehouse
Yu Quan® - Jung—Hwan Jang” - Jing—Lun Jang" - Yong—chul Jho™ - Chang—Ho Lee"

Abstract

Companies are pursuing the management of small quantity batch production or JIT(Just—in—time)
system for improving the delivery response and LOB(Line Balancing) in order to satisfy consumers’
increasing demands in the current global economic recession. And in order to improve the growth of

production for reducing manufacturing cost, improvements of the Load Balancing have become an

important reformation factor.

Thus this paper is aimed at warehouse which procures materials on the assembly line in procurement
logistics of automotive logistics and proceed with research on heuristic algorithm development which
can increase the Load Balancing of workers. As a result of this study, when applied the primary target
value, it was verified that the whole workers decreased from 28 to 24. Furthermore, when specified
the secondary target value and applied algorithm once more, it was verified that the Load Balance Ratio

was improved from 44.96% to 91.7%.
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[Figure 1] The load balancing result of previous
research
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[Figure 2] Material supply process in automobile
factory

<Table 1> Work load of workers

Warehouse Number of Workers Worker Work load by Worker Load Balance Ratio
a 0.196
Q 0112
a3 0206
Warehouse C 7 4 0434 0612
(6] 0370
6 0344
(%) 0393
F 1653
[ 122
] 0482
23 0649
Warehouse F 9 F5 1346 0572
F6 1.664
F 0395

] 0474

il 0733

T2 0910

it} 0.6%1

T4 0723

Warehouse T 9 15 0811 0503

6 1562

m 0590

1] 0342

m 0517

Ki 1430

Warehouse K 3 k2 1270 0714

K3 0430
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[Figure 4] Load balance heuristic algorithm
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[Figure 5] Heuristic result
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<Table 2> Work load of workers
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<Table 3> Load balance ratio for warehouse

Warehouse | Total M/H | Number of labor | Cycle time | Load balance ratio
Warehouse C 2117 3 0.988 2.117/(3x0.988)= 0.714
Warehouse F 8562 9 0999 8.562/(9x0.999)= 0.952
Warshouse T 7079 8 1.0 7079/(8x1.0)= 0.885
Warghouse K 319 4 1.0 3.19/(4x1.0)= 0.798

<Table 3>°ollx¢e} o] 7} FA4H ZollgdA~gs

AxksE A3 Fga 0.952F AlSlst C, T, Kge A
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At 7> AA MHEA/H A 2 Qo= st A
Rk

<Table 4> Target cycle time for warehouse

Warehouse | Total M/H | Number of labor | Average of MH | Target Cycle Time
Warehouse C | 2117 3 21773 = 071 075
Warshouse T | 7079 8 7079/8 = 088 090
Warshouse K 319 4 319/4 = 080 085

AAL A3} <Table 4>0)4 9} o] 22 Far
AbolZErelS CFar 0.75, T 0.90, KFar
Abet 2ke ARt CFa, TR, Ko zewd
2go] thste] AALTsESIT

<Table 5>Load balance ratio for warehouse

Warehouse | Total M/H | Number of labor | Cycle time | Load balance ratio
Warehouse C | 2117 3 0744 | 2117/3x0.744)= 0948
Warehouse T | 7079 8 0899 | 7.079/8x0.899)= 0.984
Warehouse K | 3.19 4 0846 | 319/(4x0.846)= 0943

A3} <Table 5>4¢} 2ol CHE 0.948, T
0.984, K= 0.94307 Zruwl#sgo| ol
25 ggelsk 4= Qi
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<Table 6> Work load of workers
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<Table 7>Load balance ratio for warehouse

Warehouse | Total M/H | Number of labor | Cycle time Load balance ratio

Warehouse C 2116
Warehouse F 8561
Warehouse T 7861
Warehouse K 319

10 2.116/(3x1.0)= 0.705
1.0 8.561/(9x1.0)= 0.951
1.0 7.861/(8x1.0)= 0.983
10 319/(4x1.0)= 0.798
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<Table 8>Load balance ratio for warehouse

Warehouse | Total M/H | Number of labar | Cycle time |  Load balance ratio
Warehouse C 2116 3 0.749 2.116/13x0.749)= 0.942
Warehouse K 319 4 085 3.19/14x0.85)= 0.938

AR A} <Table 8049} o] CHaE= 0.942,
K= 0.938% ZEW#IA0] o= 718 3¢l
Foolom 7h 3] Rrlyags QEAEoR
23195 w9} vjwakd 2 zol7) Jrh= RS o
U=

4y o

oA zelelow S xS BEA zoud
sEe FUE Fosg o
o AT B FAFHO o :
o= qste] HE gol FYI BHY] Y= BAA
Ashct.

duelFE BEFFY BE e 49 3
oW BEAEY Fhuuch A 2R go
2o Ay et 1uck &
1o} 2 3%, 290 3
AR BEAL Hor A 2



J. Korea Saf. Manag. Sci. Vol. 19 No. 1 March 2017
http://dx.doi.org/10.12812/ksms.2017.19.1.203

ISSN 1229-6783(Print) 209
ISSN 2288-1484 (Online)

Al 7Rl skl EAekth 1 A daEls A8
T =EAL 201590, 7 Fad EEAEY AflE
Rl oiste] 22} =3 kS sk oA 8k W <k
12ES ALs Ay BE2xpe) zralyAgo] A

A AL gA 4+ gk
FF ATRE O HAshE 2UEUAg ANE
} o] Bol-cﬂ—

0 Ho

Aste} 2t Fd AelFElE o 2 4 9
S

B e,

5. References

[1] Hyundai motor group SEHEAFGATL,
2017 AsARA] AT
http://gbic.hyundai.com/publish/publishDetail.d
o?masterld=5&no=74&fromPath=10

[2] Jung—Hwan Jang, Jing—Lun Jang, Yu—Quan,
Yong—chul Jho, Yu—Seong Kim, Sang—Dong
Bae, Du—Seok Kang, Jae—Woong Lee,
Chang—Ho Lee(2016), “A Study on the
Improvement of Load Balance for Materials
Supply Worker in Automobile Assembly
Line” , Journal of the Korea Safety
Management & Science.

[3] Jae dong, Lee, Yu shin, Hong(1994), “A
Production Schedule for Load Leveling in a

Block Assembly Shop” , IE Interfaces 7(2).

[4] Myung—Dal Kong(1998), “A Heuristic
Algorithm for Resource—Constrained
Multi—Project Scheduling” Ph.D Thesis,

Dong—A University.
[5] Pyong—Hoe Ku,
“Application  of

Hee—Yong Kang(2006),
Bucket
and Logistics

Brigade in
Manufacturing Systems”

Collection of Dissertations in  Spring
Conference, Korean Institute of Industrial
Engineers, Vol.2006 No.5.

[6] Pyong—Hoe Ku(2009),
Bucket Brigades in Assembly Cells for Self
Work Balancing” , IE Interfaces, Vol.22 No.2.

[7]1 Moon—Soo Kwon(2015),  “Comparison of
SA, HS, and New Meta—heuristic Algorithm
for Solving NP—hard problems in Bivariate

School ~ Kumoh
National Institute of Technology Master’ s
Thesis.

[8] Lovbjerg, M.; Krink, T.(2002),

Particle

“Application  of

Polynomial” ,  Graduate

“Extending
Swarm Optimisers with
Self—Organized Criticality” , Proceedings of

the Fourth Congress on Evolutionary

Computation (CEC).
[9]1 D.E Goldberg(1989),
Search, Optimization and Machine Learning” ,
Addison Wesley.isbn 978—0—-201—-15767-3.
[10] Dorigo M., Maniezzo V., Colorni A(1996),
“The Ant System: Optimization by a
Colony of Cooperating Agents,” IEEE
trans. Syst. Man Cybern B 26, pp.29—41.
[11] J.De Vicente, J.Lanchares, R.Hermida(2003),
“Placement by Thermodynamic Simulated
Annealing,” Physics Letters A, Vol. 317.
[12] Talbot, F.B.(1984),
Constrained Project Scheduling with Time
Tradeoff — The Non
preemptive Case” , Management Science,
Vol.28, No.10, pp 1197.
[13] Levy, F.K.,, Thompson(1962), ‘“Multiship,
Multishop, Workload Smoothing Program” |,

“Genetic Algorithm in

“Resource -

—  Resource

Naval Research LoGistics Quarterly, Vol.9,

pp37.

[14] D.E Goldberg(2002), “The Design of
Innovation (Genetic Algorithms and
Evolutionary Computation)” Springer.

ISBN 978—1-4020—7098-3.

[15] Jung—Hwan Jang, Jing—Lun Jang, Yu—Quan,
Yong—chul Jho, Yu—Seong Kim, Sang—Dong
Bae, Du—Seok Kang,
Chang—Ho Lee(2016),

Jae—Woong Lee,
“A Study on the

Material Supply Man—Hour Computation
based on MODAPTS in Automobile
Assembly Line” , Journal of the Korea

Safety Management & Science.



210 ERAxn

224 2EAE S FEAY Qs g

R ) i e i < RN IR e

xR

Wik : &5, SCM, ERP &

Setfsti AT wot
A FS Asjojst Akl s sk
A} A5 @A Qs 2
S

Yol ¢ RFID o 57 o
2] Al=El P 3955 RFID

A28 7 5

ek ¢ SCM, ERP, RFID #
A BRue A

ey

Tpltok ¢ ERP, SCM, &Rk,
D, EPCglobal Network

Aok 1 &7, RFID, SCM &



