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A Case Study on the Aggregate Planning of Multi-product
Small-batch Production Facilities:
Focusing on System Dynamics Simulation Modeling
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“ College of Business Administration, University of Ulsan

ABSTRACT

Purpose: The purpose of this study is to guide the operation managers who plan daily production of large
mass-processing facility that services multi—-customers with multi—-product, small-batch item characteristics
by providing the practical best production quantity and the inventory allowed to build.

Methods: Close observation of a subcontract paint—shop operator captured the daily decision process which
was reflected in the subcontractor—unique mathematical model and the system dynamics simulation model.
Multiple simulations were run to find the practical best production quantity and the maximum allowable stock
level of inventory that did not undermine the profit from practical best daily production. Actual data and
a few constant values were obtained from the firm under study.

Results: While the inventory holding cost for the customer—owned material harms the total profit of the subcon-—
tractor, the running cost of the processing facility hinders production in small batches. This balances the
maximum possible productions and results in practical best daily production which can be found through simu-
lation runs with actual data. The maximum level of stocked inventory is deduced from the practical best
daily production.

Conclusion: To build a large volume that enables economy-of-scale production, operators should deal with
multi-product small-batch items from multiple customers. When the planned schedule of the time and amount
of material in—-flow tend not to be reliable, operators can find it practical to execute level production across
the planning horizon instead of adjusting to day—to—day in—flow fluctuations.
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Table 1. Weekly Production Forecast (sampled)

Mon. Tue. Wed. Thur. Fri. Sat. Sun
pays (08/31) (09/01D) (09/02) (09/03)  (09/04) (09/05) (09/06)
In-flow Prediction 3,600 2,000 1,600 1,500 1,600
Predicted Inventory 4,000 3,400 2,600 1,900 1,400 Break Break
Production 2,200 2,600 2,400 2,200 2,100
Aisie el wo) AgHE WE 9 nat B o] Ao,
t =710& 5 J@Ah t =1, .., T, 971 T A8 713F (planning horizon).
% Table 1.9] A9 t9] @9l= 19, 7=5 2hd 543e] A 7|3+s gt

¢, = 719 Ak
= t7]9] o daF
= ¢719] o Jagt A Qjage] et
= t7]19] AA JaF

I = t719 712 A

Q= t719] A

y, = t719] A2tk o A% W4 (flag variable) {1 it @ >_ 0
0 otherwise
r =7 el A AL FA R S-S A9l gk 1] o] AlE-S AAteled AQEE HEH| &
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Table 2.5= Table 1.5 ARSIAZ o= A4S HolEoltt. dao] Arkdefazt A4 ¢, 719 9oL 7] =4
aE (L) &L =4 e o JuFF(A,, ..., Ap) Fobst] BAFEE(Q,, ... Q) BAT = EAIE

Zoof oh= Al FoldlEs & o vk

k3
=
£l
N

Days () 0 1 t T
In-flow A A, Ay
Inventory A A 1, Iy
Production O, Q, Qr

Coatech®] o]&=th3} 2] 22 thah 2.
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3.1 Simple Model

Figure 2.i= Coatech AM#AE A7} B47|3F SRS AAsteE QAMEAA WS Al ~Bttolye] 9] SFDZ
T Ao 2 Hod ‘GERA(Simple Model) o2kl 33712 ¢t} Simple Model®] TA8AE & ¢ A3
o] To

ek, A Foo) 1 AZHS 4 AAAPe Ang Eahe AFsola Ans #5 Wn W ofolze
Anrk Yuse BPE BAR A0 e A FUFS Eh fPAFI A S5 W WY ofo] 2
o PEE S DA Rolth TF Y ofe] e 91%-9] A2HS £ Simple Modelo] AHg¥E W

Rt

A = ARG L pes/day), fr
Inventory = A% (pcs), AF

Q = GHAIT A (pes/day),
FGI = &3t 7173 Al illpes), A%

a = QAE A9 AAY 1=K pes/day), HE]

i)

AlZrel g0 R AWsiabd WA, ojFolA w9 AIZME A7F darEo] mventoryel FAET FF

I At Qv 3719 wentory 183 r¥ b R cE Faste] AAH
AAkgoltt., /2o 2 AlFS E3td7] AJHl 2 dgtE o] 371 Wl Ali2E 58k FGT (Finished Goods
Inventory) k= M-S S7MARIY. FGP B33 AlFE thA] 9= dhadn, @ ¥eE Seoks W XY of

034_, 4
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o|Zo R Fgsh= R ES A QF AAs] H8 AN AL nEshs MFES vt deRd A}
|5 AAH W A, hwentory, Q, FGI © E5F 997 Ix(pes)olth, o5 BF 53 HFLER
(continuous variables) 7F43lH, A7]4 o)A A28 o o] S4 L A7 w2 HIE votsl=d &
olgk o] 9t

-
v
\
!
/
/

Inventory J

Figure 2. Simple Model SFD

3.2 9 3 A=

Figure 1.9 6‘}%011 ueb Sl JaalE AR, B, 2 5o Jd¥e] TRAAES B Wr|dY o
HILAE AL 2 1A A =RE

S el AL £ AL £ 48] Dlelolsl B S Felo) APE, 2eme A B9 A
457k 57 ejele] 2dlolo] Sol LA R, AN] AFARE o141 FelelA = ehele] A S
S =9 5 23 AU AR Skl AR server), ] AFe) A s

Table 3. Operation Performance Measures for Coatech

Measures Symbol Units Definition Meaning in Coatech Context

Average Sum of products spread all
over the places such as Inventory,
Paintshop, and Packaging line

Work-in— . Inventory between the start
WIP pleces . .
Process and the end point of a routing

Average daily number of products
that left Packaging line, waiting to be
shipped

Average quantity produced

Throughput TH pieces/day .
per unit time by a process

Average Time for one piece of
product from arrival to Inventory
until completion of packaging
process

Average time a product
Cycle Time CcT days travels a routing from the
start to the end point
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3.3 Extended Model 7§

Figure 3.3} 72 Extended Model2 E3] coll ¥M3}lE FHA & A3} w9 W3als Aztsicir) 713 49
£+ A3 Hwol SAkslE B AEAY AabsE o g 7kstaia) i) Figure 3.9] Extended Model®] 3Hakar 9l
= g4 e Simple Model 3H5- tha B33 WGE 71e] BAE H 3= tholo] ool 7k Hofo|r),
# 3}t &= Table 3.914 A% 37H4 &9 A7 2 =E0] Yehd ¢tk Simple Model S A 8ahd At Q), A

IF(Inventory) 9 HTFES 24T = 9oy &4 A7 HE& Aiele $A3E 5oz 437 = Kt
7] w9l Extended Modelil} 7o 271 B 23t} Extended M odeloﬂ JEL%] e 2HE fFidke dE 52

59 YHoERE o fuson A

o

* ¢
’ > . , ‘ 4 e i e Vi
../3--7.35:—-{ Inventory . WJ ‘;.’ _-_: FGI :
"4 At :fT]le\' g
¥ Y
SUM ACC
A dINV
(.‘[p (‘Tq -« Vi'lpq i l1me
+." < 7. 4.
>CT > WIP “TH

Figure 3. Extended Model

4. AEdelAe] 23
¥ ol A Coateche] 47 dolelg sta Lalo] tgdste] ABelol i AaAFFomM 1A YW
FA4sha olol wheh Alx o] AYAE Qohith HAH PSS REPAHE A 918 7127 e,
4.1 dlojg 9] 3

2 Ao 8% dolH= 20199 49 195 20209 39 314714¢] CoatechZH-E] ¢t
20194 39 319 @A) A1TAL 5 LA Amsh 24F AN B 2% 39S/ 5ASS
AARLTHS), B FHEA HHED), 7ol el(r), A B(h) Folrh. AR FelE o]a)417]7]



Lee & Kim: A Case Study on the Aggregate Planning of Multi-product Small-batch Production Facilites 163

913l Table 4.6 Ho|Ele] UF-5 AIN8l3ITh Table 4.5 AA|3] BH o] e Aar} Sighv| e 2 GapH = A4t
FA we Aol7h 38 % QL) Coatech Al Ast QEIHE Fa) AnE U4 +7 FAstele
]

o
= =
Azrom AY gase] A7)l ueh YA WY MRS F7h2 @ A,

il

Table 4. Production Data (sampled)

Days 0 1 2 3 4 5
In-flow - 5891 3818 3740 4240 2638
Production - 4640 5841 5088 4977 4099
Inventory 12257 13508 11485 10137 9400 7939
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Figure 4. Production Comparison — Actual vs. Model-determined Quantity
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