[

MITAIALMINANRIBNATIAS 100 9T UM SO

NIAUANHISINUNAAUSTINT MU AU

wadsilung neasiy

a a dng I 1 d! = (v a v A
Ineniinusisiuaiuniavesmsanmmuriangaslsygininssumansuriuga
mm1’3%1’3mnﬁmzuuqﬂamnssuuaz?mwmé’au

a ) = =
unInenaamalulaggsuns

Umsanu 2562



PRODUCTION SEQUENCE USING SIMULATION
TECHNIQUES CASE STUDY OF MINERAL

PRODUCTION PLANTS FOR DAIRY COWS

Pramot Thongman

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Industrial Systems and Environmental Engineering
Suranaree University of Technology

Academic Year 2019



S0 a a o ¢
fn5‘ilﬂﬁ'lﬂ'Uﬂ]iNﬁﬂﬁ?ﬂﬁlﬂNﬂﬂ]ﬂaﬂﬁﬂ'luﬂ'ﬁﬂ!

R a ' o W
nsdiAnmlsanundaussIgdmIVInul

unInduna Tuladgsuis oyialivinninusaduiliduauni

munangasiyaumtiuda

il Sty

T

0 A a,
(571, 5.8. A7.NUABS T szAA)

a ] A @ I~
spepsmsvarhe3mMsuazisnaNuiuaIng

Mg o
5 JURIMIANYT

a a L4
ANZNITUNMTADUINYIUNUD

oS

(57, A5.N5A3 9INA)

152 H1UNTTNNIT

wy; A

o P
(9. AT. 1T FUADNTNIA)

S a a o
NITNNII (f‘]'ﬁniﬂ'ﬂlﬁﬂy'n‘ﬂﬂ'luwuﬁ)

i [l

(571 #3990 139y le)

NITUNTT

Vo Aannd

(561 A5.N5A5 99nA)

ANUATIINIMIAINTIUMARS



Us1Tuné neaiu : masadidumIndadlemaiiadiassaaiumsal nsfiAny
Tsenundaussgdminlauy (PRODUCTION SEQUENCE USING
SIMULATION TECHNIQUES CASE STUDY OF MINERAL
PRODUCTION PLANTS FOR DAIRY COWS)

215N ANT : 919136 A5.U51 dTAnNINas, 106 N,

aw v Anw S A o ° J %
nuitentiuiiiagilszassiiodsggnald li)sunsusiaesaniumsl Flexsim® lu

adl v o W a A PRt o Y] a K ya o 9 o 9
miﬁnﬁﬂﬂmﬂ‘umiwa@mmuwﬁwqﬂmﬁmTiNmﬂimﬂﬂm @’mﬂ'lﬂmmsﬁiw
o 4 a 4 v o @ Aa
LUUTIARIEIUNITEINTZUIUNTHAAUDE 1TINUNIAANET 1INDNARDINIITIABIALAITHAN
P 6, & M o @ d’l o a @ 9 °
fwunzay Taemstoud1dade 25 A% 91UIUNITHAATIN 520 dutn T lupuusians
4 g’; [ o [ a .
A0IUNITNU INUUNARBIIARIAUNIINAALLY Earliest Due Date (EDD), Longest
v
Processing Time (LPT) ttag First Come First Serve (FCFS) Tag@uiiun1snanedisas
3’, a r'd U @ o @ a L’z’l
30 AT NTAATICHHANITINATDINUT NTIAAUNTNAALLY EDD IFnamanualuns
o A @ = ] Y v o w a Y )
AUTUIY 164.170 92 Tuaaz TudlnuaTaad mssasieumsnanuy LPT 1¥namaviua
o A @ ) < 1 @ v o w a
TUnITANTIUIIY 166.545 92 T090az TIUIUNUATIANGT 74 AU ATIASIAUNTNAALUY
¥ o A & ° [~ P W
FCFS 14a1maviualunsauiinaiy 163.641 32 TuauaziTIUIUNUAT AT 59 AU 1K
] Y ] ] 1
mﬁmﬂamnﬁawmimwmnmmﬂmiumﬁﬁuummﬁﬁmﬁwﬁqmuﬁ’wmmmm%’wﬁ'@a
A v o @ a ~ ci 9 ?xll o A
nga MIvaaaunN1IRaaiuy EDD nmmmmzfquﬂiﬂﬂ“lamamwm“lumsmmmm
@ = Vo A I o w A 1A o I~} = o
164.170 %214 mt,ﬂuﬂmmqmﬂumﬂum 2 waz Wins vy Tia I Fati usvInau

Ty Ay = ¥ v o w a
MFINUBINFAIINNG 3 g‘l_lk!.‘l_l‘]_lﬂ'ﬁﬂﬂﬂ']ﬂ‘ljﬂ'liwﬁﬁ

1117391 IAINITUYANINAIT awiloyerindny, ! /5\ (\

= 4 P
nsdnu 2562 aMeileren1nsenliny ¥ /"’"“”‘”‘!




PRAMOT THONGMAN : PRODUCTION SEQUENCE USING SIMULATION
TECHNIQUES CASE STUDY OF MINERAL PRODUCTION PLANTS
FOR DAIRY COWS. THESIS ADVISOR : NARA SAMATTAPAPONG,

Ph.D., 106 PP.

SIMULATION / SEQUENCE / CONTINUOUS MANUFACTURING

The objective of this research was to apply the Flexsim® simulation program

to find the most suitable production sequence for the case study factory. The

researchers experimented and found the most appropriate production sequence by
entering 25 orders, total production amount of 520 tons into the simulation model

and experimenting with the production order of Earliest Due Date (EDD), Longest
Processing Time (LPT) and First Come First Serve (FCFS) by experimenting with 30
replications in each format. Based on the analysis of the experimental results, it was
found that the EDD production sequence has a makespan time of 164.170 hours and
without tardy job. The LPT production sequence has a makespan time of 166.545
hours and the number of tardy job is 74 tons. The FCFS production sequence has a
makespan time of 163.641 hours and the number of tardy job'is 59 tons. From the

experimental results, considering the smallest makespan time and the least tardy job,
it was found that the EDD production sequence is most suitable because the

makespan time is 164.170 hours which is the second smallest production time and




without tardy job which is the least amount of delay from all 3 forms of the

production sequence.
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Arrival Customer Name Order Type Quantity (Tons) Due (Day)
Arrivall Customer 1 1 1 20 15
Arrival2 Customer 2 2 2 10 25
Arrival3 Customer 3 3 3 35 28
Arrival4 Customer 4 4 4 6 35
Arrival5 Customer 5 5 2 10 40
Arrival6 Customer 6 6 2 10 35
Arrival7 Customer 7 7 1 30 15
Arrival8 Customer 8 8 3 40 45
Arrival9 Customer 9 9 3 10 45
Arrivall0 Customer 10 10 3 30 40
Arrivalll Customer 11 11 3 50 30
Arrivall2 Customer 12 12 3 40 30
Arrivall3 Customer 13 13 3 20 23
Arrivall4 Customer 14 14 1 10 12
Arrivall$ Customer 15 15 3 30 25
Arrivall6 Customer 16 16 3 10 35
Arrivall7 Customer 17 17 3 30 30
Arrivall 8 Customer 18 18 1 20 45
Arrivall9 Customer 19 19 3 10 20
Arrival20 Customer 20 20 3 20 30
Arrival21 Customer 21 21 3 30 45
Arrival22 Customer 22 22 3 10 24
Arrival23 Customer 23 23 3 10 20
Arrival24 Customer 24 24 3 25 25
Arrival25 Customer 25 25 4 4 10

Total

520
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v

FJ
LIAUSASVUADUM TN ( TUY: IUIN)

" WA WS WAL 50 SIERR RN 1#11hnge | Unload Time |  Load Time
1 901 1214 42 11.2 14.2 8.26
2 958 1287 41 16.09 11.66 4.80
3 939 1211 31 12.48 11.42 513
4 912 1258 41 15.84 13.22 7.34
5 922 1226 41 15.59 1271 6.59
6 944 1218 34 17.87 11.54 530
7 904 1312 38 13.71 13.64 3.44
8 934 1272 45 15.45 14.68 7.26
9 936 1232 48 18.74 11.34 8.61
10 943 1308 40 14.63 12.52 3.86
11 935 1311 34 12.58 14.6 8.14
12 930 1296 44 12.39 11.23 8.43
13 908 1248 33 1521 11.39 3.47
14 946 1248 35 11.08 13.49 7.76
15 937 1214 46 11.65 14.04 737
16 903 1292 48 10.76 15.35 6.57
17 960 1213 40 10.11 13.54 7.40
18 943 1259 44 1147 1522 4.63
19 900 1283 49 11.53 1032 352
20 949 1249 50 16.19 12.57 4.64
21 924 1245 41 16.25 13.1 7.10
22 925 1308 41 10.43 15.33 4.27
23 921 1276 37 16.39 12.4 322
24 935 1231 33 1441 10.28 6.16
25 952 1310 39 15.5 10.69 7.38
26 930 1219 32 11.18 13.41 8.30
27 946 1272 50 15.23 15.7 7.51
28 914 1245 50 12.22 15.44 523
29 926 1274 36 13.27 12.34 7.17
30 933 1204 34 12.36 10.72 3.70
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“ | The Action will be appied to the Object if x
the Condition is true (non-zero)

Action doseoutput o “ | The Action will be appled to the Object if X
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* Conditon  true = /‘
| 4 , L
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The Action will be applied to the Object if
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Name 1490 %ﬁ)@ﬂiNQﬂiﬁ 1 > Condition ta®n msgparam] ==
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Step 8 1B ONNIATOINNIBUIN > On Message > Update Recipe Table > Table
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Step 9 1D OnNNIATOINNIBVIN > On Message > Update Recipe Table > Table
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4 The Action will be applied to the Object if
the Condition is true (non-zero)

Action doseinput
Object current

Condition | true

4
Open or Close Ports
Action doseinput

Object current

F |
Clear an Object's contents

Object |current = /

Copies data from a single column of a GlobalTable to the Redpe
Table of this Mixer.

NOTE: The GlobalTable and the Recipe Table must have the same
number of rows as well as 4 columns.

Table Name Name_Table_ recipei =

Condition msgparaml == 1 -

Copies data from a single column of a GlobalTable to the Redpe
Table of this Mixer.

MNOTE: The GlobalTable and the Recipe Table must have the same
rumber of rows as well as 4 columns.

Table Name Name Table recipe: "
Condition msgparaml == 2 -

Copies data from a single column of a GlobalTable to the Redpe
Table of this Mixer.

MNOTE: The GlobalTable and the Recipe Table must have the same
rumber of rows as well as 4 columns.

Table Name Name_Table recipes -
Condition msgparaml == 3 -

Copies data from a single column of a GlobalTable to the Redpe
Table of this Mixer.

MNOTE: The GlobalTable and the Recipe Table must have the same
number of rows as well as 4 columns.

Table Name Name_Table recipes hd

Condition msgparaml == 4 -
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Step 3 1ABNNIATOIHNIBVIN > On Reset > Close and Open Port > 130N Action

3| I I
11U Close Output > 1aon Object iU Current > 1800 Condition 1JU True
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Step 5 1a8NNIATOINNIGUIN > On Empty > Close and Open Port > 1201

. < A . I
Action 11U Close Output > 189N Object 114 Current

Step 6 1@®NNIATOINUIBVIN > On Empty > Close and Open Port > 1881

. < A . I
Action 11/ Open Input > 188N Object 1111 Current
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4 | The Action wil be apphed to the Object if X
the Conditon is true (non-zero)
Action doseoutput >
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Cond true M senpu
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4 % 4 | Send a message with an optional delay, or condtioned upon X
The Action wil be appled 1o the Object if the result of some expression.
the Condition is true (non-2ero)
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No Customer Order Type |DueTime| Model Time Finish Time Date Finish
56 Customer 7 7 1 15 348623.8 8:50:23 5-Nov-19
57 Customer 7 7 1 15 349743.39 9:09:03 5-Nov-19
58 Customer 7 7 1 15 35077236 9:26:12 5-Nov-19
59 Customer 7 7 1 15 351817.96 9:43:37 5-Nov-19
60 Customer 7 7 1 15 352869.83 10:01:09 5-Nov-19
61 Customer 7 7 1 15 3539724 10:19:32 5-Nov-19
62 Customer 7 7 1 15 355115.86 10:38:35 5-Nov-19
63 Customer 7 7 1 15 356160.64 10:56:00 5-Nov-19
64 Customer 7 7 1 15 3572493 11:14:09 5-Nov-19
65 Customer 19 19 3 20 358351.71 11:32:31 5-Nov-19
66 Customer 19 19 3 20 359453.83 11:50:53 5-Nov-19
67 Customer 19 19 3 20 364100.35 13:08:20 5-Nov-19
68 Customer 19 19 3 20 364906.58 13:21:46 5-Nov-19
69 Customer 19 19 8 20 36575731 13:35:57 5-Nov-19
70 Customer 19 19 3 20 366808.83 13:53:28 5-Nov-19
71 Customer 19 19 3 20 367872.01 14:11:12 5-Nov-19
72 Customer 19 19 3 20 368945.72 14:29:05 5-Nov-19
73 Customer 19 19 3 20 369998.96 14:46:38 5-Nov-19
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{ a a < Y 1 a
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Replications | Process Time (Hour) End Time Model (Second) Finish Time Date Finish
1 164.4258 2438733.04 13:25:33 29-Nov-19
2 1629316 2429753.81 10:55:53 29-Nov-19
3 163.9651 2433474.28 11:57:54 29-Nov-19
4 164.1667 2437800.11 13:10:00 29-Nov-19
5 163.6544 2432355.86 11:39:15 29-Nov-19
6 163.3298 2431187.32 11:19:47 29-Nov-19
7 163.9466 2433407.78 11:56:47 29-Nov-19
8 164.6811 2439651.88 13:40:51 29-Nov-19
9 163.6225 2432240.86 11:37:20 29-Nov-19
10 164.8417 2440230.17 13:50:30 29-Nov-19
11 163.9272 2433337.94 11:55:37 29-Nov-19
12 164.2152 2437974.77 13:12:54 29-Nov-19
13 164.4637 2438869.34 13:27:49 29-Nov-19
14 164.5369 2439132.74 13:32:12 29-Nov-19
15 163.6576 2432367.24 11:39:27 29-Nov-19
16 163.6888 2432479.63 11:41:19 29-Nov-19
17 165.2245 2441608.13 14:13:28 29-Nov-19
18 163.6746 2432428.61 11:40:28 29-Nov-19
19 164.2514 2438105.12 13:15:05 29-Nov-19
20 164.8368 2440212.62 13:50:12 29-Nov-19
21 165.4213 2442316.64 14:25:16 29-Nov-19
22 163.9811 2433532.08 11:58:52 29-Nov-19
23 164.4258 2438733.04 13:25:33 29-Nov-19
24 164.2421 2438071.63 13:14:31 29-Nov-19
25 164.1764 2437834.86 13:10:34 29-Nov-19
26 163.9107 2433278.61 11:54:38 29-Nov-19
27 163.9798 2433527.43 11:58:47 29-Nov-19
28 164.4420 2438791.21 13:26:31 29-Nov-19
29 163.6122 2432203.99 11:36:43 29-Nov-19
30 164.8652 2440314.57 13:51:54 29-Nov-19
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Replications | Process Time (Hour) End Time Model (Second) Finish Time Date Finish
1 166.7536 2447113.03 15:45:13 29-Nov-19
2 165.8174 2443742.71 14:49:02 29-Nov-19
3 165.4559 244244138 14:27:21 29-Nov-19
4 166.1090 2444792.46 15:06:32 29-Nov-19
5 166.7230 2447002.86 15:43:22 29-Nov-19
6 166.0323 2444516.15 15:01:56 29-Nov-19
7 166.3884 2445798.15 15:23:18 29-Nov-19
8 167.3100 2449115.92 16:18:35 29-Nov-19
9 166.9854 2447947.60 15:59:07 29-Nov-19
10 165.7907 2443646.62 14:47:26 29-Nov-19
11 166.0564 2444602.96 15:03:22 29-Nov-19
12 165.8541 2443874.59 14:51:14 29-Nov-19
13 167.2475 2448890.82 16:14:50 29-Nov-19
14 166.0561 2444602.07 15:03:22 29-Nov-19
15 166.6518 2446746.50 15:39:06 29-Nov-19
16 166.4535 2446032.56 15:27:12 29-Nov-19
17 166.1659 2444997.16 15:09:57 29-Nov-19
18 166.9897 2447962.77 15:59:22 29-Nov-19
19 166.3522 2445668.03 15:21:08 29-Nov-19
20 166.9970 2447989.25 15:59:49 29-Nov-19
21 167.0407 2448146.62 16:02:26 29-Nov-19
22 167.2519 2448906.86 16:15:06 29-Nov-19
23 167.6359 2450289.27 16:38:09 29-Nov-19
24 166.6407 2446706.39 15:38:26 29-Nov-19
25 166.9992 2447997.10 15:59:57 29-Nov-19
26 166.4194 2445909.74 15:25:09 29-Nov-19
27 166.7199 2446991.78 15:43:11 29-Nov-19
28 165.8105 244371791 14:48:37 29-Nov-19
29 166.3987 2445835.15 15:23:55 29-Nov-19
30 167.2314 2448833.17 16:13:53 29-Nov-19
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Replications | Process Time (Hour) End Time Model (Second) Finish Time Date Finish
1 162.6433 2428715.75 10:38:35 29-Nov-19
2 162.7732 2429183.61 10:46:23 29-Nov-19
3 163.3333 2431199.72 11:19:59 29-Nov-19
4 162.9763 2429914.67 10:58:34 29-Nov-19
5 164.3610 2438499.54 13:21:39 29-Nov-19
6 162.1730 2427022.63 10:10:22 29-Nov-19
7 162.6111 2428599.93 10:36:39 29-Nov-19
8 164.6462 2439526.25 13:38:46 29-Nov-19
9 164.3980 2438632.97 13:23:52 29-Nov-19
10 164.6619 2439582.98 13:39:42 29-Nov-19
11 163.7304 2432629.52 11:43:49 29-Nov-19
12 162.6208 2428634.84 10:37:14 29-Nov-19
13 163.3449 2431241.48 11:20:41 29-Nov-19
14 164.3395 243842228 13:20:22 29-Nov-19
15 163.3873 243139431 11:23:14 29-Nov-19
16 164.0771 2437477.71 13:04:37 29-Nov-19
17 162.6213 2428636.75 10:37:16 29-Nov-19
18 163.3254 2431171.30 11:19:31 29-Nov-19
19 164.3810 2438571.55 13:22:51 29-Nov-19
20 163.0025 2430008.94 11:00:08 29-Nov-19
21 165.6296 2439466.69 13:37:46 29-Nov-19
22 164.1002 2437560.75 13:06:00 29-Nov-19
23 163.7024 2432528.71 11:42:08 29-Nov-19
24 164.0686 2437446.92 13:04:06 29-Nov-19
25 163.6920 2432491.07 11:41:31 29-Nov-19
26 163.4707 2431694.44 11:28:14 29-Nov-19
27 163.3712 2431336.35 11:22:16 29-Nov-19
28 163.6870 2432473.04 11:41:13 29-Nov-19
29 163.7061 2432541.85 11:42:21 29-Nov-19
30 164.3800 2438567.85 13:22:47 29-Nov-19
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Category Number of Completed on Time Number of Tardy Jobs
EDD 520 Tons 0 Tons
LPT 446 Tons 74 Tons
FCFS 461 Tons 59 Tons
4.2.2 3mswﬁwamimam
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A5 4.6 HANMTIAATIZHANUUANANVOINANITNAARINNFIANNIU Y 95%

alpha
Standardized Critical Pr > Diff Significant
Contrast Difference (Modified)
difference value
LPT vs FCFS 2.904 17.623 2.092 <0.0001 0.098 Yes
LPT vs EDD 2.375 14.409 1.988 <0.0001 0.050 Yes
EDD vs FCFS 0.530 3.214 1.988 0.002 0.050 Yes
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Category Mean Standard error | Lower bound (95%) | Upper bound (95%) Groups

LPT 166.545 0.117 166.313 166.777 A

EDD 164.170 0.117 163.939 164.402 B

FCFS 163.641 0.117 163.409 163.872 C




UNN 5

ﬁ’?ﬂﬂﬁ‘nﬂﬁ@Q!!ﬂ%%ﬂ!ﬁ'ﬂ@!!%%

ﬂﬁﬁﬂkﬂfﬁ"ﬂQﬂ”li{]yﬂﬁW‘ﬁJﬂ"ﬁWaﬁﬁ)’lﬂmﬂﬁﬂi‘]’"laﬂﬂﬁﬂ"luﬂ"ﬁﬂf AFAARY 159N UNER

E4
ussmdmsuIaun awnsoaglranisnaasazdorauonnzaal

51 agUmIinaaees
= A K 1 1 a a [}
ﬂ']ﬁﬁﬂHWfffﬂ'lWﬂin1%@QI§QQ1Hﬂ§mﬁﬂH’IWU3’I P\hEJNﬁ@]'J'NLLWHﬂ'IiWﬁﬂjﬂﬂ@'lﬁﬂ
L ) % a o % 1 ) a 0o < { ]
dszaumsallumsihaugainsananiimuaiudaeuuaziaudumduiagilidog
Y o ~ o Y A 1 = Y o ~
ﬂ?i'ﬂ\illﬂﬂﬂ'ﬁi%‘ﬂiWﬂWﬂiLLﬁglﬁiﬂNﬂ'liﬂ'lhl@Eﬂﬂ Lu’f]\‘iflnﬂhlﬂﬂi'lﬂﬂill'lmﬂ'lislﬂmi‘Wﬂ'lﬂiﬂ
Y a 1 [ [ 1 =S A a [ o o a d‘ @
meﬂiﬂmmamu ﬂ']ﬂﬂﬂulW'Iﬂﬂﬂﬁ'l'gi]\‘lﬂlluﬁﬂﬂcl,Uﬂ'lﬁW1ﬂ1i%ﬂﬁ1@ﬂﬂ1iﬂa@ﬂlﬂﬂ1$ﬁ'llﬂ‘U
a ) o A KR Y 9 v o W /9 Y a
ﬂigﬂﬁl‘lﬂ'liﬂﬁ@ﬁ'l'ﬁiﬂIi\N'll!ﬂﬁﬂlﬁﬂ‘H'l ﬂ')f]ﬂ'licl%ﬂid]ﬂ'l'iﬂﬂﬁ'lﬂ‘U\T]‘Lliﬂﬂﬂﬁ$Qﬂﬂﬁl%lﬂﬂl‘lﬂ
o 4 1 [ A Ao A A = Y
ﬂ'lii]'lﬁ'ﬁ)\‘lﬁﬂ'luﬂ'l'imﬂ']“]fﬂﬂsluﬂT’Ji]ﬂﬁ']ﬁ"Nﬂ']iWﬁ@]il')ﬁi].ﬂﬁ$ﬁ\1ﬂﬂ® 1)&W@ﬁﬂ]&ﬂﬂ1§fff§1\i
o o a 1 d’ d‘ Iq Y o
LUV IFADTIUNITUUDINTS UIUNITNAALUUNDLU D 2) LW’E)“]J’J'%EJﬂ@]GlG]fITJﬁLLﬂﬁiJi]'IaﬂQ
L [ o @ 4 v o w Ad' o [
ﬁ'ﬂ?uﬂ’limiuﬂ’liﬂﬂﬁ?ﬂﬂﬁ’lu 3) Lﬁ@ﬁﬂ‘]&l'lﬂW‘iﬂﬂﬁ'lﬂ‘]J\ﬂuﬂlﬂﬂJWzﬁﬂJﬁ'l“l’iﬁﬂii\?\ﬂl.lﬂiiﬁﬁﬂ‘hﬂ
ya o Y o 9 ° 4 a ~ =R A
M'J Elll@‘ﬂWﬂ'l‘iﬁi'NLL'U‘]Jﬂ'lﬁ’f]\?ﬁﬂ'lufﬂ3mﬂigﬂﬁuﬂ'ﬁWﬁ@"1]@\115\1\1']uﬂ5mﬁﬂ‘]9ﬂLW’E]
Il v Y v Y
ﬂﬂa@ﬁﬁ’lﬂ%%ﬂﬁ’lﬁﬂﬂ’l'ﬁNﬁ@]ﬁlWlﬂg'ﬁN IﬂﬂﬂWﬁﬂfJuﬁ’] ﬁj\i‘%@ 25 ﬂ1ﬁ\3°§@ FTUIUNTINARNTIN
% o o ;’,’, v o w a .
520 a1 lelalj']ulﬂclULLU‘]JﬂWQfJ\iﬁﬂ'IUﬂTim AMNUUNAADIIAAIAUNTITINASLLUD Earliest Due Date
(EDD), Longest Processing Time (LPT) 482 First Come First Serve (FCFS) Taea i un1snaaes
g‘ gl.: a 4 1 v o w a g‘/
Gﬁﬁ%az 30 AN NITAATICHNANITNAADINUIT N1TINANAUNITINALUL EDD Gl%’nmmmm
o A @ = <] ' v o w a
Glum‘im!,umm 164.170 "])"JI?JQLLﬁ%VinJ\ﬂuLﬁﬁﬂﬁ'I%H N1TINANIAUNITHNaALLUY LPT Gl%!')ﬁW
b o A ] ° 2 o v o w a
ﬂQWNﬂGlUﬂW'iﬂ']LHUQWH 166.545 Gﬁﬂiﬂﬂllﬁgﬁﬂ’lu']uxi'lulﬁﬁﬂﬁ']‘]% 74 e1U NITIAAAUNITHNAN
> o A ] ° S o
uuv FCFS ldnaanualumsaniinay 163.641 %1 Iuanaziinuiuauadaandn 59 du

i1 Y H v H
mﬂwam’u“nmmzﬁewmimmﬂnmmwm“lumiﬁuuuamﬁﬁmsﬁwﬁﬁﬂﬂuﬁwmmma1%1

aQ

Yy A

[ 9
deofiga n159ad1AUNISHAALDY EDD dnnnvingduigalasldnainnualunis
o A < L 1 o A QY o o A 12 o - T~
Autiuau 164.170 91 Fudummngadudwun 2 vag lulisuauadsarinaaiy

v v 9
Sunuadndesiigannie 3 sUupumsiadaunsnan



82

o a o 4 1 v o w a o
1nMslszgna ldmatianmssiaesaoiumssingelumsdadiaumsnan ¥l
ausoneasdden lvlumspaauuuai q 1a 1ae lunsenuaassuunsHaAYI Az aINIso
¢ o Aa 9 o A a <3 o Yy Y v A
Aamsal 11 a1 NauMzariumsHaaaiv i Iniveyaillszneunisdaaulalunisna
a ds! < Y a o L4 ) IG
UIUMTHAALINAY dztrn A matiamssiaesanumsaiansohwszgna ldlunism
° Ao g Y ] ° 79 ¥ o 79 Y=
MaouNFusaUtazadlgIalunsmimaey n1sdszandlduuusiassaniunsel 11

Y Y
Uszaniamwiuiuegiuinguszasdvesmsi I 15 lundnsaide

Y o o
52 UdINAVDIVVIIARY
o o o a J o o
lumsdszgndlduuuiiaosaniunisei lunszuiumsraaussigdimsulaun
29y o w o ° a Y A a o Y Y A
uvedinalumsmdmeevriniuIuduineaalunazdedlsnarlumsdssuianaivom

o 3 o o o a i v o 4
mma‘umamuﬁu@mmmmreqmmwammaaﬂ‘ﬂimmumamamumsm

A
5.3 UYalaUalue
Jq ¥ ) 7 a [ o [ A [
Mim3dszgnalsuuudaesaoiumsst lunszuIumMsHaanIsadmsuIauy doa
& o s X o 22 = v o @
Wuldawdagiseasa Fwvusiaesiiilumsanyinisadrawnudiassadnoiunisalves
A A 20 ¥ ° P v o w
nIzUIUMIHARLUUAIIuazIzgna s Tlsunsudiaosaniumsal lumssaaiauaIu
WovimIdadidununmuzandmsulssnunsaiany dmsudoausuus lunisimn
o ddy A [ Aax 1 9 o 4‘ 1
lunyusiassanIumsaiil Ao ﬂ15wmun‘ﬁmﬂﬁmauﬂam"lﬂ“lmmmnam INDAZAINAD
9 = @ Y o a o [ é’ d' A
115 1%91U F20DIMTWA U IANITAI N UAFUAVUDY Flow Item 11UUVI 1809918V U INDINY

i1 ' Y
mmLmus‘imazmmuw'ffaﬁaclﬁ’ﬂmmuﬁmammaﬁu



Y a
NIV

(% a

@ d a a 4 vV o W U 4
Al audaIezNIA. (2554). MIIAGITUMIHEA tazMsIamIamskHamieanifam
\ e AR da I3 a Y] a a o
MsaaneuaIt: nsalanklsanunestines. (MeMmMansurtuma), ¥H1INaY
ganviadiad, nanme.
a U a d a
UN5IA GAL. (2545). MIDAMIWMIHEA : NIAUANFTINUKEA APMNWITIFS. (IAINTTU
o a 4 a %
AAATUHILDNA), PNAINTUUMIINGIAY, NFUNN.
paAA919 WIAYFH. (2555). MITAMINMIHAAUVUMNTS A IHTVgAAIHNITNTING.
(NI TUManINIuNg), unInedsaaling, ngunwnd.
a a 4 o 0o @ A 4
WAW a8MINTDL. (2553). MIMHUAMIINSHAANAZNIAIVAN. NFINWA: TITDNUN a.d.7.
an o J a o . . a 4
F9UNS nolsziay. (2532). Mataosuuuanl Simulation (2 ed.). NFUNNA : T5INUH
4 a [
PNAINTAUUNINEY, 2532: [WA]0. - w.a) ], 2532.
v ) 7w VA ~ v °
alsw nbui) uazgay IUNTITAYY. (2559). Mmsviimmanzauiigalaalinisdiass
d v a R a v aa Q”
amumsa lunmsi3ulyanszuaumsuaa nsaifne USEM Niey MsanAs. 133
NONUIRINTIUYATINNT N8, 5(1).
aulny vosaoa uazdsunesd sauensniu. (2562). m3Usvlgamsdamsramswdaanuy
HUTUNIZUIUNMS DIAANBTSINUNTATUTIUNIOINIALIN. NTAITAD1TY
waTuTad Ine-aafu, 7(1).

= aa

q15ny Bufz e uardudde Frquidail. (2553). Mz ansmumssam e nan
Tng33523afnuazimaiianissrae wuudamlugamunssu Uszneviudau
drannseding. NIANIIAINTINMANT M INeaemaln, 55-62.

peAmsaudsuiIms Iauuuvalsemalne. 2561). eaualszan 2561. dninaulug 160
DUUTATNN MuATiATNIN SunPNINMAN 3 iaaszlS 18180.

Baker, K. R. (1974). Introduction to sequencing and scheduling. New York: John Wiley & Sons.

Barkany Abdellah, A. I., Jabri Abdelouahhab,Darcherif Abdel Moumen (2019). Planning and
scheduling of production system in conditioning line: Industrial application,

optimization and simulation approach. Management & Production Engineering Review

(MPER). 10(4),3-10. doi:10.24425/mper.2019.131440



84

C. Dennis Pegden, R. P. S., Robert E. Shannon. (1995). Introduction to Simulation Using Siman
(2 ed.): McGraw-Hill Companies; Internat.2r.e. edition (1995).

Christopher A. Chung. (2007). Simulation Modeling Handbook: A Practical Approach: CRC
Press; 1 edition (April 17, 2007).

Dan Trietsch. (2009). Principles of Sequencing and Scheduling. Canada:A John Wiley &
Sons,Inc., Hoboken, New Jersey.

F Shrouf, J. O.-M., A Garcia-Sanchez and M Ortega-Mier (2014). Optimizing the production
scheduling of a single machine to minimize total energy consumption costs. Journal of
Cleaner Production, 67, 197-207.

Schulze Marco, R. J., Seifi Cinna, Zimmermann Jirgen (2016). Machine scheduling in
underground mining: an application in the potash industry. OR Spectrum, 38(2) , 365-
403. doi:10.1007/s00291-015-0414-y

Shannon, R. E. (1975). Systems Simulation: The Art and Science.Englewood Cliffs, N. J. :
Prentice Hall (June 1, 1975).

Youlong Lv, J. Z. a. W. Q. (2018). Simulation-based production analysis of mixed-model
assembly lines with uncertain processing times. Journal of Simulation, 13,2019(1), 44-

54.



HNANHIN D

a d Y] a
WANIIAUAIITHUNIINIZTINYAIIATINTITIN AR



Relati Evaluation of Candidate Model

Relative

Model Score Parameters

1 - Johnson SB 99.11 Lower endpoint 1.202.66789
Upper endpoint 1.317.90983
Shape #1 0.07686
Shape #2 0.56672

2 - Beta 9554 Lower endpoint 1.202.47631
Upper endpoint 1.317.35972
Shape #1 0.95541
Shape #2 1.01788

3 - Weibull(E) 83.04 Location 1.178.31245
Scale 89.93538
Shape 2.53353

29 models are defined with between 2.68 and 99.11

|»

Absolute Evaluation of Model 1 - Johnson SB

Evaluation: Good

Suggestion: Additional evaluati using C
See Help for more information.

Tab might be informative.

‘IJ‘ﬁ .1 Naﬂ1iﬁlﬂi1wﬂlﬁﬁ1ﬂﬁNﬁi]“lfnll’i

ult

Relative Evaluation of Candidate Models

Relative

Model Score Parameters

1 - Beta 95.00 Lower endpoint 840.94151
Upper endpoint 967.88737
Shape #1 7.77193
Shape #2 3.25202

2 - Johnson SB 95.00 Lower endpoint 841.16651
Upper endpoint 975.12408
Shape #1 -1.25258
Shape #2 1.67885

3 - Weibdll(E) 94.00 Location 73765722
Scale 200.14688
Shape 13.49323

26 models are defined with between 0.00 and 95.00

Absolute Evaluation of Model 1 - Beta

Evaluation: Good

Suggestion: Additional evaluati using C isons Tab might be informative.
See Help for more information.

Il‘ﬁ .2 Wﬁfﬂi’JLﬂ‘ﬂ“"l’H’Jﬂ'lﬂﬁWﬁiJl!i‘ﬁWl
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Relative Evaluation of Candidate Model
Relative

Model Score Parameters
1-Beta 9597 Lower endpaint 30.80677
Upper endpoint 51.37129
Shape #1 1.04589
Shape #2 1.16804
2 - Johnson 5B 9597 Lower endpaint 30.46909
Upper endpaint 5191771
Shape #1 0.11853
Shape H2 0.67675
3 - Blang(E) 8226 Location 3.85910
Scale 1.14711
Shape 32

32 models are defined with scores between 0.00 and 39597

|»

ezl

Absolute Evaluation of Model 1 - Beta

Evaluation: Good

Suggestion: Additional evaluations using Comparisons Tab might be informative.
See Help for more information.

{ a J
5UN n.3 WANI3AANTICHIATNITUITIANIY

U

Copy
Print
Help

Dane

Relative Evaluation of Candidate Models

Relative

Model Score Parameters

1 - Johnson SB 99.22 Lower endpoint 9.91619
Upper endpoint 19.16951
Shape #1 0.35020
Shape #2 0.70885

2 - Beta 97.66 Lower endpoint 10.02720
Upper endpoint 19.06066
Shape #1 1.07102
Shape #2 1.53742

3 - Chi-Square(E) 88.28 Location 9.46392
df. 447187

33 models are defined with scores between 0.00 and 99.22

Absolute Evaluation of Model 1 - Johnson SB

Evaluation: Good

Suggestion: Additional evaluati using C i Tab might be informative.
See Help for more information.

~ a 4 <
Eﬂ“ﬂ .4 AANITAATIZUIAINTIVEY

Print

Help

sl |

Done
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Relative Evaluation of Candidate Models

Relative

Model Score Parameters

1 - Beta 99.19 Lower endpoint 10.19585
Upper endpoint 15.79093
Shape #1 0.95866
Shape #2 0.99604

2 - Johnson SB 95.97 Lower endpoint 10.08305
Upper endpoint 15.90237
Shape #1 0.03157
Shape #2 0.62857

3 - Erlang(E) 79.84 Location 0.92602
Scale 0.27296
Shape 44

32 models are defined with between 0.00 and 99.19

|»

Absolute Evaluation of Model 1 - Beta

Evaluation: Good

Suggestion: Additional evaluations using Comp
See Help for more information.

Tab might be informative.

ﬂﬁ n.5 Wﬁﬂ']i’llﬂi']uﬁnﬁ"l Unload Time N139A84%W1aN

Relative Evaluation of Candidate Models

Relative

Model Score Parameters

1 - Johnson SB 99.17 Lower endpoint 3.07983
Upper endpoint 8.64569
Shape #1 -0.12756
Shape #2 0.51468

2 - Beta 97.50 Lower endpoint 3.16368
Upper endpoint 8.62134
Shape #1 0.81931
Shape #2 0.72867

3 - Weibull 80.00 Location 0.00000
Scale 6.73483
Shape 4.11048

31 models are defined with between 0.00 and 99.17

|»

il

Absolute Evaluation of Model 1 - Johnson SB

Evaluation: Good

Suggestion: Additional luati using C
See Help for more information.

s Tab might be informative.

’]Jﬁ .6 NaﬂWS’JLﬂiWW‘ViL’Ja”I Load Time N139AQ4W1LAN

Print
Help

Done
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Distance Maxcontent Maxflowrate
No Machine and equipment
Unit: meters Unit: KG Unit: KG/Second
1 Hopper intake line 1 - 1000.00 3.00
2 Screw conveyorl intake line 1 2.50 79.00 3.00
3 Buket Elevetor line 1 17.00 100.00 6.00
4 Pipe intake line 1 2.00 64.00 6.00
5 Screw conveyor?2 intake line 1 2.00 63.00 3.00
6 Feed Clearer machine line 1 - 100.00 3.00
7 pipe Drum sieve machine line 1 1.00 100.00 6.00
8 Turn Heads intake line 1( 12 Way ) - 100.00 3.00
9 Pipe 1 line 1 3.50 112.00 5.00
10 Pipe 2 line 1 3.00 96.00 5.00
11 Pipe 3 line 1 3.50 112.00 5.00
12 Pipe 4 line 1 2.70 86.00 5.00
13 Pipe 5 line 1 2.50 80.00 5.00
14 Pipe 6 line 1 2.70 86.00 5.00
15 Pipe 7 line 1 2.70 86.00 5.00
16 Pipe 8 line 1 2.50 80.00 5.00
17 Pipe 9 line 1 2.70 86.00 5.00
18 Pipe 10 line 1 3.50 112.00 5.00
19 Pipe 11 line 1 3.00 96.00 5.00
20 Pipe 12 line 1 3.50 112.00 5.00
21 Bin [ line 1 y 3500.00 -
22 Bin 2 line 1 - 3500.00 -
23 Bin 3 line 1 - 3500.00 -
24 Bin 4 line 1 - 3500.00 -
25 Bin 5 line 1 - 3500.00 -
26 Bin 6 line 1 - 3500.00 -
27 Bin 7 line 1 - 3500.00 -
28 Bin 8 line 1 Y 3500.00 -
29 Bin 9 line 1 - 3500.00 -
30 Bin 10 line 1 - 3500.00 -
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Distance Maxcontent Maxflowrate
No Machine and equipment
Unit: meters Unit: KG Unit: KG/Second

31 Bin 11 line 1 - 3500 -
32 Bin 12 line 1 - 3500 -
33 Screw conveyor 1 line 2 25 79 0.18
34 Screw conveyor 2 line 2 2 79 0.23
35 Screw conveyor 3 line 2 2.5 79 -
36 Screw conveyor 4 line 2 1.7 53 0.65
37 Screw conveyor 5 line 2 0.5 16 0.39
38 Screw conveyor 6 line 2 1.7 53 0.16
39 Screw conveyor 7 line 2 1.7 53 0.28
40 Screw conveyor 8 line 2 0.5 16 1.06
41 Screw conveyor 9 line 2 1.7 53 0.82
42 Screw conveyor 10 line 2 25 79 0.96
43 Screw conveyor 11 line 2 2 63 -
44 Screw conveyor 12 line 2 2.5 79 -
45 Hopper scales line 2 - 200 -
46 Hopper Mixer line 2 - 200 -
47 Screw conveyor line 2 29 91 4.00
48 Buket Elevetor line 2 17 100 6.00
49 Pipe line 2 5.5 176 2.00
50 Turn Heads line 2 - 100 5.00
51 Pipe 13 line 2 42 134 6.00
52 Pipe 14 line 2 32 102 6.00
53 Pipe 15 line 2 3 96 6.00
54 Pipe 16 line 2 3 96 6.00
55 Bin 13 line 2 - 5000 -
56 Bin 14 line 2 - 5000 -
57 Bin 15 line 2 - 5000 -
58 Bin 16 line 2 ¥ 5000 -
59 Hopper intake line 3 - 1000.00 3.00
60 Screw conveyor1 intake line 3 2.50 79.00 3.00
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Distance Maxcontent Maxflowrate
No Machine and equipment
Unit: meters Unit: KG Unit: KG/Second

61 Buket Elevetor line 3 17 100 6.00
62 Two way B line 3 - 100 3.00
63 Pipe 24 line 3 7 220 7.00
64 Bin 24 line 3 - 4000 -
65 Pipe intake line3 B 1 32 2.00
66 Screw conveyor2 intake line 3 1.5 47 3.00
67 Feed Clearer machine line 3 - 100 3.00
68 pipe Drum sieve machine line 3 1 100 6.00
69 Turn Heads ( 7 Way ) line 3 B 100 3.00
70 Pipe 17 line 3 32 102 5.00
71 Pipe 18 line 3 38 120 5.00
72 Pipe 19 line 3 2.8 90 5.00
73 Pipe 20 line 3 32 102 5.00
74 Pipe 21 line 3 3.8 120 5.00
75 Pipe 22 line 3 3 96 5.00
76 Pipe 23 line 3 35 112 5.00
77 Bin 17 line 3 - 5000 -
78 Bin 18 line 3 B 5000 -
79 Bin 19 line 3 i 5000 -
80 Bin 20 line 3 - 5000 -
81 Bin 21 line 3 - 5000 -
82 Bin 22 line 3 - 5000 -
83 Bin 23 line 3 - 5000 -
84 Bin 24 line 3 3 4000 -
85 Screw conveyor 13 line 4 4 126 227
86 Screw conveyor 14 line 4 35 110 3.18
87 Screw conveyor 15 line 4 4 126 227
88 Screw conveyor 16 line 4 2.5 79 3.18
89 Screw conveyor 17 line 4 1.7 53 2.34
90 Screw conveyor 18 line 4 2.5 79 234
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Distance Maxcontent Maxflowrate
No Machine and equipment
Unit: meters Unit: KG Unit: KG/Second

91 Screw conveyor 19 line 4 0.5 16 2.34
92 Screw conveyor 20 line 4 1.5 47 2.34
93 Screw conveyor 21 line 4 2.5 79 345
94 Screw conveyor 22 line 4 1.7 53 345
95 Screw conveyor 23 line 4 2 63 345
96 Screw conveyor 24 line 4 35 110 3.17
97 Hopper scales line 4 - 1000 -
98 Hopper Mixer line 4 -3 1000 -
99 Screw conveyor under mix line 4 25 79 7.00
100 Buket Elevetor line 4 16 80 7.00
101 Pipe line 4 45 90 7.00
102 Two way line 4 . 100 7.00
103 [Pipe 25 line 4 2 40 7.00
104 |Pipe 26 line 4 2 40 7.00
105 |Bin 25 line 4 - 5000 -
106  |Bin 26 line 4 - 5000 -
107 |Pipe 25 B line 5 3.5 112 6.00
108  [Pipe26 Bline 5 35 112 6.00
109 |Screw conveyor line 5 1.5 47 3.00
110 Hopper scales and packing line 5 - 50 -

111

packing line 5
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Abstract. The objective of the research is to design and layout planning to manage logistics within the factory
that is suitable for the company case study. Under the limit spacing, the giving space is 659.12 square meters
(38,50 meters x 17.12 meters) by allocating machines and equipment follow the process direction flow. The
position of each machine and equipment are considered by the Relationship Chart and existing production process
flow. Layouts are generated to 3 altermnative models each model gives a different distance in from-to chart. The
best model that should implement 1s alternative model number 3 that giving a short distance is 262.50 meter for
total pipe length of the materials handling system. Use the area of installation of machinery and equipment 222.46
square meters and the time spent in the produetion of mineral and victim, the least production is 58, 12 minutes
and 101.00 minutes.

Keywords: Layout Design, Optimal Layout, Alternative Model

1. INTRODUCTION

The current businesses in the manufacturing industry are
relatively high competition. Whether it's a quick process with
the increased production rate, or to compete on quality i the
production of goods in order to increase productivity and the
use of resources is restricted to maximum benefit. Researchers
have been aware of the problem from the operator and the
operator's needs. From exploning the issue and found that the
company's needs,

1. Need to increase productivity

2, Need to change the format from production workers to
use as an automatic production system.

3. Need to control the quality of products with specific
characteristics.

Therefore, the design and planning is an especially
important factory in the production area, the management of
industrial plants. The proper alignment, with the machinery
and equipment and support to enhance productivity and create
competitive advantage, Can reduce production costs both
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directly and indirectly.

2. LITERARY REVIEW
2.1 Plant layout

Fred E. Meyers. and Matthew P. Stephens. (2003).
Proposed the definition of plant layout has been defined as
Plant layout is physical management within the plant which
involves machinery and equipment, production, work stations,
people, areas for placing and storing matenals for production
Material transporting routes and  materials for material
handling.

Somsak Trisat, (2012).Proposed the definition of plant
layout has been defined as: Plant layout is a plan for placing
equipment, maghines, workers, equipment, raw materials, and
facilities. Convenient and support in the production of the
factory in the appropriate location or area to make the
operation Production is safe Economical and most eflective.
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Chaiyan Srisupanon. (1978). Proposed the definition of
plant planning is an activity related to the determination
positioning or space allocation for vanious production factors,
such as the position of machines, tools Space for storing raw
materials, etc. in order to ensure the product is the safe and
highest efficiency

2.2 Plant planning theory

The layout of the plan means the placement of machinery.
People equipment Facilities and production support to be in the
right posttion i order to provide the most efficient
performance in accordance with the goals set by the plant
layout. There are 6 basic goals. Avoid using more than the third
level for heading.

1) Principles of activity integration

2) Prnciples of short-term movement

3) Prnciples of material flow, plant layout

4)  Pnnciples of using space

5)  Principles of making workers satisfied and safe

6)  Principles of flexibility, plant layout
Factors to consider i plant layout

1} Demand for products

2} Risk of obsolete machinery

3) Quality of output

4)  Maintenance costs

2.3 Guidelines for plant layout

1) Mobility in moving materials, tools, and equipment

2) Coordination for each department must have good
coordination and consistency.

3) Utilization of space in all parts of the factory area must
be used for the most benefit

4) Easiest access or can be used. Equipment, tools,
machinery must be accessible via easy access and should
not be ohstructed

5) Cleardy visible Machines should be organized in a
proportioned and orderly manner to help reduce
accidents that may occur,

6)  Less mobility avoids moving raw materials and products
during production unnecessarily and should choose the
equipment for loading and unloading to suit the job
characteristics.

7) Move one-way material in the production process should
be the same path should not be opposite. Because it may
cause confusion, delays

8) The shortest distance in moving raw materials and to
make production operations is possible o consistently
which will save and reduce production costs

9) Work safety must be considered safe. Which is a very
important issue first in work

10) Good environment Create a good working environment

120

Workers are satisfied with their work.
2.4 Type of plant layout

General plant layout is divided into 3 types, namely plant
layout according to product type. Plant layout according to the
production process and plant layout according to the position
of the job with the following details.

2.4.1 Product Layout (Product Layout)

The layout of the product type is suitable for production
with a single product or less type s mass production and is a
continuous production. Production line placement is clearly
the production that has a lot of volumes. With the use of
production lines, belt-style characteristics, transmission Raw
material via belt or pipe with production all the time,
production preparation will take a long time.

2.4.2 Process Layout

Production process planning is a layout based on the
product type planning according to the group of Functional or
funetion of the machine. There is a clear division of work.

2.4.3 Fixed Position Layout

This kind of production plan, the products that are
produced are relatively large, not easy to move products,
Production is complete. Most products are usually located or
may be difficuli to move. This type of layout is planned by
providing the work piece that will be produced with or
produced parts of the work is an important component from the
outside to be assembled.

2.5 Analyze and create activity relationship charts

Relationship chart represents the relationship of each
activity by using the score as an indicator Relationship level
which activities are much related Give high priority scores, On
the other hand, any activities that have little relationship give
a low priority score this chart is more practical than other
methods and is a useful tool for plant layout. And is also a good
way for pathering production support as well for the
relationship level to be used in analyzing the relationships of
these activities are divided into 6 levels: A, E, 1, O, U and X.
There is a direct meaning in English,

" Az Absolutely Necessary: 1t's the perfect relationship
level. And is an activity pariner must be adjacent or
close to each other, the highest level of relationship.

* [ Especially Improvement: is a special relationship
level but less than the A-level relationship.

* I: Impartant: is an important level of complete
relatonship but less than level E or have a relationship
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level
*  O: Ordinary: is a normal relationship less than the
relationship level 1 or having a low level of
relationship
= U: Unimportant: is a relationship that is not important
with the least degree of relationship or almost no
relationship or independently.
Relationship charts can help find relationships. Especially
in organizations that have a lot of activities, cannot calculate
the relationship.

2.6 Analysis of alternative plant layout results

Plant layout is divided into 3 types, namely plant layout
according to product type. Plant layout according to the
production process and plant layout according to the position
of the job with the following details.

3. CASE STUDY

3.1 Explore problems and needs

1) To increase the current production capacity to support
the needs of the market within the future.

2) Product quality control is not good enough.

3) Todevelop the establishment into an automated system

3.2 Basic factory data collection
1) The current plant layout information is used to collect

data by measuring the actual size and arca. And draw the
factory plan using Auto CAD program as shown in Figure 1

ward

Figure 1: Current factory area size.

2) The'size of the factory that will make the plant layout
altemative. The “company has decided to Change the
production pattern from the original to be an automated system
by installing all-new machinery and production equipment
Replace the original plant layout. Which has a total-arca-of
659.12 square meters (38.50 meters X 17.12 meters)
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3) In the operation of the factory, the preliminary is
divided into 2 main products, namely vitamins and minerals,
which are sequenced to work as shown in the process. In the
process flow diagram as shown in Figure 2

Trucks bo send raw materials

[ Move the raw muscrial o the warcbeoss I

'

Put M9 MI0 ino the miser |

clo
I \mmu;w I [ Weighing raw maserials I
l Filter theough the skeve | I Poursag MI1 the miver ]
v v
li m:mu I l Mix $ mimutes |'_
I Mising I ] Put moee ingrodicnts i the mixer | ]
12
I Kemune froen mirer I I Divade the misture ino 15 sets l
v
I Pt it e pasching machine I l Put i mavers 2, oo st 3l & time. ]
v
l Packing | I Packing ]
*
[ Slannth;nnhu J I .\«m-t:um ]

Take the ingredicans
according 10 the formula
mixed wito the mixer 2
l Pt MI16 il the miner | | Im—»emmm-nm«:l

e

Figure 2: Current production process
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3.3 Size of equipment and machinery

The size of the equipment and machinery of the Company
case study has determined the size of the equipment and the
production machinery. As shown in Table 1, showing the size
and number of machinery equipment in the production line of
minerals and Table 2 shows the size and number of machinery
equipment in the production line of vitamins.

Table 1: Data of machinery for the production of minerals,

1. Truck Urkoading R/M
Awa

2 Row Materisls Storage

3, Pre-Mineral-R/M Stor

5 Pre-MinelF/G Storage

6. Mineral-R/M Store

7. Mineral Process

Table 2: Data of machinery for the production of vitamin.

Machinery / Amount Arca size (length x Arcaper | unnt

equipment width) (meters) (square me kor )
20-0n sik 2 251x287 6.60
Vitamin mixer I 300 x 3.00 900
Filling machine | 300 x 3.00 900

3.4 Analyze the relationship of each process area
using Relationship Chart

In the position of the machine and cach part of the work
must bea sequence of relationships by using the relationship
chart as follows,
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Arcasize 15
Area per | unit 8. Mineral Packing/Seal
Machinery / equipment Amount | (kength x width)
(square metkers) 9. Minersh-F /G Storage
(meters)
10. PremixR/M Store
20-t0n silo 3 257x257 660
11. Premix-Process
1%on sik 7 120%120 144
250 kg sk 6 100 x 100 100 12 Erorain Cacirg
e
Mineral head mixer 1 3.00 x 3.00 900 13 Premue$/G Sorage Defrm
- Aachitely Nec ey
Mineral mixers 1 300 x 300 4K 18, F/G Storange Avea : ::;m"
o {Ovdinary Csmeess ohary
Filling machine 1 300 %300 9.00 8. TRk Loedkrs F/G Aen irerpoetare
NOt Deswadle
Meclanical am for plscing 1 100% 1.00 100
products Figure 3: Represents the relationship of the process area

3.5 Alternative plant layout design

Designing 3 altemative plant layouts using the Auto CAD
program to write altemative forms in 2D format,

3.5.1 Alternative Model 1

Ve

Figure 4: Layout of alternativemodels 1 in 3 D format

Details of the altemative models |
1. There 1§ aproduction process for producing
minerals produced in a straight line.
2. By separating the placement of silos used for
the production of mineral heads with silos
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used to contain raw materials for mineral
production

3. Arrange the mineral mixers, mixers, minerals,
packing hi and hanical arms to
place the product. Between silos containing
mineral heads and Silos contain  raw
materials for the production of minerals.

4. Separate production rooms for vitamin
production to control, production quality.

3.5.2 Alternative Model 2

1

Figure 5: Layout of alternative models 2 in 3 D format

Details of the alternative models 2

1.

2.

The production process is laid out in the order of
production.

The position of the silo used for the production of
mineral heads with silos used to contain raw materials
for mineral production has separate positions with the
placement of silos in groups.

Place the mineral head mixer has been placed
between groups of silos that are used to contain
minerals and minerals.

Mineral mixers are placed next to a group of silos
used to contain minerals.

3.5.3 Alternative Model 3

Figure 6: Layout of alternative models 3 in 3 D format
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Details of the altemative models 3

1.

-
'S

The production process is laid out in the order of
production.

2. The position of the silo used for the production of
mineral heads with silos used to contain raw materials
for mineral production has separate positions with the
placement of silos in groups.

Align the mineral mixers and mineral mixers. Have
been placed between groups of silos that are used to
contain minerals and minerals.

4. Packing machine and mechanical arm for placing
products have a position next to the mineral mixer,
respectively.

5. Separate production rooms for production vitamins
for production quality control.

4. RESULTS

4.1 Areas used in the installation of machinery and
equipment

Tadle 3: Data area for installation of altemative models 1

Arca size (length X | Arca (square
Process arca
width) meters)

Space for storage silos for mincral (350x350 140
head production + (135 % 1.3%)
Mineral head mxer 300 x 3.00 900
Mineral mixers 300 x 3.00 900
Filling machine 300 x 3.00 900
Mechanical arm, handle, packaging 100 x 1 .00 104
Space for silos © store raw msterials $.00 x 8.00 6400
for the production of mincrals
Space for the premix production 88x17.13 151.25
process

Total area (square meters) 24325

Alternative models 1: Use space for the installation of
machinery and equipment totaling 243.25 square meters.
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Table 4: Data area for installation of alternative models 2

Process anea Area sie Area (square
{length X meters)
widihy

Space for storage silos for mineral head xS 15.15
proclucion
Mineral hesd mixer 300 x 300 .00
Mimeral mixers B0 x 300 1NN
Filling machine 300 x 300 2.00
Mechanical arm, handle, packaging L 5 L0 (K1)
Space for silos 10 siore rw makeriak for the 1430 x 280 4004
producrion of minerak
Space for the premix production process §83% 1703 151.25

Total ares (square meters) 2514

Alternative models 2: Use space for the installation of

machmery and equipment totaling 237.44 square meters.

Table 5: Data area for installation of alternative models 3

Process area Area size (lengh Area (square
X width) meters)

Space for storage silos for minera | head 360 % 360 1296
proclucion
Mineral hesd mixer 300 x 3000 .00
Mimeral mixers JA0 % 3000 00
Filling machine Jahx 30 200
Mechanical arm, handle, packaging L% 10400 (Ril1)
Space for silos 10 siore rw nakeriaks for 5.500x 5.50 3025
ihe proluction of mineraks
Space dor the premix production proce s BRI x 1713 151.25

Tital area (squane melers) 0.4

Alternative models 3: Use space for the installation of

machmery and equipment totaling 222,46 square meters.

4.2 Transportation distance

Analyze the ransportation distance, the total extinguished
objects of the plant layout, all three alternatives. To be
compared with each factory layout by considering the distance
of transportation Enter the values in the chart from - to then
include the total distance. Show details of transportation
distance of raw materials of the plant layout in each type are as
follows.

Table 6: Total transportation distance of alternative models 1

T T

T

¥
H
1
i

i

Alternative models 1: From the chart from - o go.
Alternative models 1 has a total distance of 312.56 meters.

Table 7: Total transportation distance of alternative models 2

’[iii,l’:!}::!_! L EHE Ii
S
' g

=

£

= =

= R =
“oaEEESSECSioS i

Alternative madels 2: From the chart from - to go.

Alternative models 1 has a total distance of 270.00 meters.
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Table 8: Total transportation distance of alternative models 3

T Ei]i

7 1 HH
CEEEETH i

T

= s

a1
e
=

e

il

Altemative models 3: From the chart from - to go.
Alternative models 1 has a total distance of 262.50 meters.

4.3 Production time

Table 9: Calculation of time spent in production.

Dhetai]
Production re ference time
Tinw: (minuie) Molumekg)
Time used o mix mineral head 20:04 204,00
Time used to mix minerals 2004 S04.00
Time spemt in mixing vitamins A LU

Take information from Table 9 can calculate the

production time as shown in Table 10

Table 10: Calculation of time spent in production.

From table 10: shows that the alternative plant layout type
3 uses the mimmum amount of time spent in the production of
minerals and minerals, 58, 12 minutes and 101.00 minutes,
respectively. Production 20,20 hours,

4.4 Compare results

Table 11: Compare information of altemative models.

Alternative models
Comparison factor
maodel | model 2 model 3
Process aren (square meters) 25739 3747 12253
Total distance (meters) 312.56 70,00 262.50
Total process time (Hour)
24.00 3100 20.20
{produce & tons/day)

Alternative models
Comparnison fictor
Maodel | Model 2 | Modeld
The time required 1o produce 200 kg
O7.80 5712 SR12
af are (min)
The right time to produce 300
120,00 15500 1aron
kilograms of minerals (minutes)
Want to_produge 6 tons of minerals to
24.00 oo 20,20
take production { Hour)
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5. CONCLUSIONS AND RECOMMENDATIONS

From the design and finding of the factory layout design,
respectively, the production process of Co mpany case SIUd}' T3
designed to support the change from the ongnal production
model. To be an automated system Causing no data in
production Therefore designing the plant layout for each
alternative to compare Under the terms of the operator Which
includes Area of the machine And the equipment that needs to
be used and sequence up in the onginal production process.

5.1 Choosing the plant layout, the right choice

Selection of plant layouts The right choice of this research
15 selected from the total distance in the transportation of raw
materials and the area used for the installation of machinery
and equipment as follows.

1) Total distance in the transportation of raw materials
within the process of the alternative models 3, with a
trapsportation distance of 262.50 meters, less than
alternative models 1 and 2 are 50,00 meters and 7.50
meters respectively.

2) The area used for the installation of machinery and
equipment of the alternative models 3, with the area of
222 46 square meters for the installation of machinery
and equipment, which is less than the altermative
models 1 and 2 are 20.79 square meters and 14,98
square meters respectively.

3)  Time spent in the production of minerals and minerals
of the altemative models 3 uses the mnimum
praduction time of 58, 12 minutes and 101.00 minutes,
respectively. Production time 20.20 hours,
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Can, therefore, conclude that altemative models 3 is
suitable for most production processes. The total distance of
the internal raw matenal transportation is 262.50 meters. The
total area of the machine and equipment installation is 222,53
square meters and the minimum production time is 58, 12
minutes and 101,00 minutes respectively. Production time is
20.20 hours.

5.2 Problems in organizing research work

Because it is a new system therefore unable to know the
exact time for production make application applications
computer to help in analysis unable to do it due to lack of data.

5.3 RECOMMENDATIONS

*  This research is only a presentation of the success of
the plant layout design, altematives and factory
layout selection,

e This research is not allowed to use the payback
period and production time.

# Some information about the company that is
considered confidential.
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