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Simulation Analysis for Job Sequences in a Packaging Film
Manufacturing Plant

LIU JIONGKAI - Dong-Won Seo'

The packaging plastic manufacturing(blown film) industry has long developed in China, but most of them are
small/medium-sized enterprises, and it is very rare to have appropriate operation plans suitable for their own
business. The packaging plastic manufacturing industry(blown film) follows a typical Make-To-Order method, and
the sequence of processing orders is very important. Waste of materials incurred by frequent conversions of production
cannot be avoided, and generally, related costs incurred during conversion production are also different. Therefore,
this study developed a job sequence determination model for improving operating profits using @RISK simulation
software, compared and analyzed 3 actionable clustering treatment methods proposed by technical managers and

field experts under the actual situation of the factory.
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Fig. 1. Plastic film production process

Fig 12 Qsk4jol Sehre] U8 AU ZRAAS ek
Wi glow, FA42 7%, HAigrinding), QlE(extrusion),
FZ(casting), A2 AEYZ|(MDS: machine direction
stretching), &, 7}=2 AEFX|(TDS: transverse direction
stretching), oA # El(edge cutter), 221 (winding) L
£2)%)(slitting) 0.2 A EIT.

SLfe] FRo| ShaEH, ke Rl AL 93t A
FIYL AN ek ARl 2t 2Rl 9T
AAE, Z, 7, 271 )l FA Ba -] B4l
w2t AR o] B HES 25t fed 729 2
T Abetel kg wi7kA] ZIAE 2AsE S AXA
ok ojoF HE vlgS Aehlgor FoAsHr: A
Aol Zghe wf 2] (e, MDS®e} TDS 5)ollA] A
2740 dastm o] oA E7HSH HI(M =L F
woll &7 ARl ke wi7hx] ik BE5)7F EAyich
At 2 SAEE 283k Aol A A
st= YHlE 29 4 Ytk

2
XLBZ g7oll= @A stie] 7|A7} Qlon] 15719} 2

ltk. 357194371 F

MAbsEe 77 ofs
5,200kg, 4,300kgo]c}. 37 WA} oA 2 292 A
Akl o] =& A ES flsf 20199 AAksEo] ok
10,500kg?l HA&9l 557]7F ZAE|QIA|qE, T21LH9
2 QIgh SISO R 20201 FEFI AR o5
of B wHA] H3t Aol 557+ AF 47171 =
Aibgol wal 43 QP Ae] 71E Z1A R B H
ojubn], A7] @53} ohE 1 HEE AzEch dvhy
o8 AL Y2 7]719 AME AEskar 7|st]
oo, Seto] g0} AYARSE wf 7)Ao Alefel Aol
uel SH 7|AE SACR AMgeh &S A -4
g 7NAS AMgshs AR, 714 AReAE 5-3-4-1-2
2 7Pgsteieh AlEARe 7 At 714 wige
Aol whe} o] Rl AW, G w]APAr RS TR A

A4 A= Er

)

3. AEHoldRny A

2 Qo BAe] AA| dolgE vigow ug
e Bol sole ZrAzle AgolA Al kst 2
o 919 AHS B o7 Ik LA A v}
ol TA4E BE AT o] FA7IGOR 7]
Qo] Aol 0|24 ATE vl 8]0 AlA
orom, 2} 7)9le] Aol B AR LAWAS 7
9 Zalek uebd & edelA: sgozyy 2
S 4 G A4 dolE(RE 40 TR ATE
9 ol Ag g BE JMOR AR o MRS
et 248 sapsiick AEdol Hu e MSAel
AU 7RO R SHe ATAEAE AEHold £ES
ofol @RISK 829} 2.3 3655 2Hg3Loich A&l
A S Table 13} o] 35kA0] 580 B 2 g,

B4 27]0] F50] Hot B Alkto] B71E 490}
FRo ARA WES ] 98 1230 E B
How AAGA, Frol that U 7|Fo] TAHL.
2 nEEo] 9 oot & QoA 7RO A WE
2 TS BTk 4 AT 3744 AR

SHol BRE Fl A Be 78 2 Hede R
P A5 D ALlolth
AlEEold Alge] df2raQl A= Table 19 22715

H31E K25 20224 6



287|- HS

Table 1. Simulation Procedure

Step Details

Method Tools

1 Data preprocessing

Manipulate raw data Assign product family

Microsoft Excel

2 Create total daily order number/order list

Order frequency data in step 1

3 Sort by production discipline

Generated order list in step 2

4 Search order volume and related data

Sorted order number in step 3
Find the corresponding volume data in step 1.

Assign machine and Update production
capacity

Order volume in step 4
Updated machine condition Transfer unfulfilled
orders to next day

Microsoft Excel,

6 Identify order type and machine number

Order type data in step 4
Running machine number in step 5.

@RISK 8.2

7 Calculate the transition cost

Search transition cost based on the types of current
and next orders in transition cost table

8 Net profit calculation

Calculate profit based on the production costs and
price in step 1 and the transition cost in step 7

3.1 &2 H|o|E
TAA Q] AR AR(FE 1, FEek 20 14 5)

7} dolgle JE—J(XLBZ)A 20209 29HE 129717
1174819 S 271 f0lefS 22l AgheiFie
A 11749 Eou T AeE 0 Ao o]2H,
FRURE oF 40000] 717} Hek Ake] Bipae 7t
AA7)7] Y3l 2 = A7F 25 312} AR S==F o]AF
o AS '7314 o1, 400001 7]9] F=ES thA] 54
Mo FEo = EESFtHOrder no.). ZF G3YH FEF
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ZX(Order Quantity MODE)2 AR&-3}%ich H|-&3}F 429
& Aol Q8 DS Bl awE A

W, W71, S0lS 7 FE fYuE Hela £T
32 RS f9Es BRsl] 4 28 498 WEs

(frequency) S AT

Ord
Customer raer Selling price  Material cost
Order no. PF1 PF2  Quantity (kg) Frequency
Company MODE per unit (kg/¥) per unit (kg/¥)

1 customer 1 2486.80 107 9.01 718
961.70 119 9.20 740
1153.30 64 9.48 740
769.80 29 9.59 7.50
38460 23 17.30 12.00
2689.80 98 9.05 7.00
949.50 112 9.37 7.50
1289.10 73 951 748
769.90 84 9.63 760

2 customer 1
3 customer 1
4 customer 1
5 customer 1
6 customer 2
7 customer 2
8 customer 2

Bwn o oswn o
ERD WS s S w

9 customer 2

Fig. 2. Order Data(partial)
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Table 2. Product family 1(PFI)

PF1-1 | Transparency film

PF1-2 | Colored film (e.g. milky white film)

PF1-3 | Transparency film with special requirements

PF1-4 | Milky white film with special requirements

PF1-5 | Specific products with the highest added value
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Table 3. Product family 2 (PF2)

PF2-1 | Film for food packaging

PF2-2 | Films for pharmaceutical packaging

PF2-3 | Film for packaging sanitary products

PF2-4 | Film for packaging of covers and household goods
PF2-5 | Specific products with the highest added value
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= 70| Blo] 2 AES W R Ao) ohz}
2 TR AFelAu 59 E5o) Uet HUT T
Ao &5 AzlE Aol
Average number of orders per day 12
Time/Day 1 2 3 4 5 6 7
Mumber 12 14 10 13 16 8 10
of orders
1 28 23 36 43 2 44 42
2 22 46 34 31 33 19 25
3 1 32 26 16 34 17 "
4 17 22 44 23 22 22 42
5 47 40 12 12 45 43 27
6 27 19 39 28 2 10 29
7 9 10 46 46 7 16 53
8 50 17 1 34 1 18 38
9 41 39 9 31 26 24
10 13 39 4 18 4 30
11 46 14 18 g

Fig. 3. Generated number of daily order and no.(partial)
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2l =SORT()2} =SORTBY()
A&t

B sort by product family [EEE 501t by product family

Product PF Product EBE Product PF Product EBE
family ranking family ranking family ranking family ranking

36 24 53 2 31 10 39 3
41 31 39 3 52 32 16 4
17 18 11 8 16 4 43 5
12 15 22 14 54 21 31 10
29 34 12 15 21 1 21 1
39 3 2 17 44 23 22 14
1 8 17 18 50 52 17 18

Fig. 4. Sort by product family and sequence(partial)
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Table 4. Transition type of PF1 and PF2

transition path | transition type (PF1) | transition type (PF2)

1—1 S S
1—2 C IFM
1—3 SP IFP
1—4 SC IFL
1—5 SF STF
2—1 C IFM
22 S S
23 SC THI
2—4 SP ILH
2—5 SF ST™M
3—1 N IFP
3—2 C THI
3—3 S S
3—4 SC ILH
3—5 SP STP
4—1 C IFL
4—2 N ILH
43 SC ILH
4—4 S S
4—5 SP STL
5—1 N STF
52 C STM
5—3 S STP
5—4 SC STL
5—5 S S

% S: same transition, N: normal transition, SP: special transition,
C: color transition, SC: special color transition, SF: specific
transition, SM: same transition, IFL: item transition - food
& living, IFM: item transition - food & medical, IFP: item
transition - food & personal care, THI: transition of health
item, ILH: item transition - living & health, STF: specific
transition - food, STM: specific transition - medical, STP:
specific transition - personal care, STL: specific transition
- living



Table 5. Transition type and transition cost for each
machine (PF1)

Cost by conversion type (PF1) (according to
machine number) (unit: yuan)

Transition
production Ml M2 M3 M4 M5
type
75 70 90 83 95
C 115 98 133 123 156
Sp 87 79 97 91 106
SF 98 92 113 97 128
S 23 23 28 25 30
SC 143 138 167 146 197

% The above content is the name of the process by which one
product is converted into another product when transition
production. The name is defined by the factory.

Table 6. Transition type and transition cost for each
machine (PF2)

Cost by conversion type (PF1) (according to
machine number) (unit: yuan)
Transition
production M1 M2 M3 M4 M5
type
IFL 97 80 118 105 138
IFM 82 77 97 90 102
IFP 115 98 133 123 156
S 23 23 28 25 30
THI 75 70 90 83 95
ILH 80 75 95 88 100
STF 99 82 120 107 140
ST™M 104 98 125 112 145
STP 143 138 167 146 197
STL 134 129 158 137 188

% The cost data are all from the factory workshop. M1, M2,
M3, M4, M5: machine number
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Table 7. Simulation results

Iterations: 5000 times

FIFSric():']t;rem PFI . PF2
method) (product family 1)

Sequence ;St oo | 12345 | 13245 | 32415
Total Profit

Mean 553068 567945 | 571000 | 558092

Std. 32461.8 32976.6 | 32950.9 | 31816.3

Confidence Interval

o Lower 552168 567030 | 570086 | 557209

Upper 553968 568859 | 571913 | 558974
Percentile

5% 499938 513879 | 516980 | 506155

10% 510790 524588 | 527830 | 516754

25% 530910 545729 | 548713 | 536391

50% 553397 567930 | 571131 | 558200

75% 575645 590892 | 593861 | 579878

90% 593775 609460 | 612671 | 598634

95% 605591 621541 | 624697 | 610361
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Table 8. ANOVA table

Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
FIFS 5000 2765340844 553068.1689 1053767085
PF1-12345 5000 2839722939 567944.5877 1087453054
PF1-13245 5000 2854997614 570999.5227 1085764650
PF2-32415 5000 2790457817 558091.5634 1012278624
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 1.05138E+12 3 3.50461E+11 330.6808389 1.3936E-209 2.60535323
Within Groups 2.11921E+13 19996 1059815853
Total 2.22435E+13 19999
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Table 9. Probability of the best one

Sequence FIFS | PF1-12345 | PF1-13245 | PF2-32415

Probability of

the best one 0.0006 | 0.0090 0.9882 0.0022
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