Chapter Il
LAYOUT DESIGN

3.1 Introduction

To mplrsoyr% 6 e n% ot(é%ss{ orLeJtsu tt]% raditio schemahc tecm ﬁ%ugu%rlr\]/lautheqc

i o
t out cIu In thelr Pﬁ'O”HeS glon y teatehnatlve solutions
ovvn I%e %J tﬁ o cortect them. There are 5 mairT steps In this technique as

Figure 3-1: Traditional Schematic Technique of Muther and Apple

3.2 Data Collection
321 Introduction of Factory
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Il products consist
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ﬂg\p IeP extr %8” blow molced be: materials used include PE,
pIug pp and SAN are materials used for caps. LDPE is used for

afl Cppa” B Vj“plppaaa i
t

ac |ne ct|on {retch ing, machine, Inject mac
rintin ma |ne nd L eI|n tls assl ned ﬁrducts v
considering its production proc 55, ollovvmg pro flis produce ctory

() Bo ep[oducedb the Ext nBIo p&dmg machine, Printing machine
n abeling machi i vﬁY
) prpauce gar%sm ow Molding machine and Labeling
ac |n tscal ashpr
(3) Bo o mgrod(pc ?) Cnect|c%n Stret ii Ipw I(\:/Ioldmg machine, Printing
) %Cei erogpce Ey ﬁ" ct|on Sstretc ?S\W dL ng machine and Labeling
] producedcﬁy tﬁeafr{3 ection Moldlng machine. It's called as product E
Most ofthe bottle sizes are 100, 200, and 300 ml.
3.2.2 Factory under Study

Facto, A has 7 satlons and one %ese The machnf)et ols are ﬁaouped in
each stat consi erln unctlo 0 onve pce or further analysis, the
numbervw use mstea o e name of stations as follows:

(1) Station L It cppabts pfz JrHectlon stretch blpw n}plgmg machines. Its function
o produce t vglt mdectlog Strefc me

) taHn It conpsts f 2-extrusion '%‘é’ molding machines. Its function is to
rouice &he bottle with e sion meth

(3) taHon tcn5|sts 0 H 08t|on molding machines. Its function is to
go lce capW| nyecponme

(4) Sta on4 consists of 2 printing machines. Its function is to print information

(5 gtathon 8 |t consists of 2 labeling machines. Its function is to label the sticker
(6) %au n 6 7(!\Iormall It consists of 6 staffs being res onswle for
resep;e clqgely product qu and packaging te product Into the  box

Moreover, herﬁ ﬁthe apd|t|opal functlon In each station except the station 6. This
function 1 to check the quality of Its output.
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323 Current Layout of Factory A
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Figure 3-2: Qutline of Plant A Layout

Lhe next table shows the actual area of each station and the space used for
machines and operation In each station.

Table 3-1: Area Requirement of Each Station

Station Area Availabili
Injection 14*7 %8%
[etG 18*7 60%
ruElon 14*7 (0%
elin * 4 70%
Prl?“” 2 *14 10%
Pac aq| ﬂ * 10 10%
InsP clio 14*7 60%
W%.e ouse Rl 40 Y%
Shipping 1 80%

324 Description of Operation

1 Production Command Issuing

When an order is coming, to the company, it will be transferred to the
department concerned and teghmcap depart?neXt. In techmcai department, tpe
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The rodu |nsched le most f llow FIFO rule. Flowever, occasionally
Some or ersvw etreate ast espema Orcr,

2. Processing Routes of Each Product

th

materiamlovvs are shown

IS section, thertable of the roces[s]lng routes of eacp) IProduct and the

Ne route to process the products are as follows:
Table 3-2: Processing Routes of Product A B, ¢, Dand E
Products staition

1 2 3 4 6
A a C h
B a b 8
c a C b
D a b C
E a

Note: .

Processing sequence is according to alphabetical order

F FVX?srﬁec? llgs

Ippl

E)aetch hi wmoldl machi eﬂ
rusion b Wmo ']% chines)
I4ecI|onmo Ing machines
machine

abe\nrgg ACNINES)
, ns%c.@

o |eﬂ gr&q se
EQCI \Warehouse

Ng and RECEIvINg area
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Material Flow of each product is shown in the figure below.
Product Mat 1 2 3 4 5 6 T F
A

4
B |
C
D il e
F ' fer

Figure 3-3: MPC of Product A, B, ¢, Dand E

3. Material Handling

aw material, work-in gr 0 and finished \Broducts will be transported
tween WareNouse and sfat %arr

lon e
ter station movin |sworg oug . .
X |she prodn0 { ? ey store where locates outside the plant

y @ motor ruc
4. Quality Checking
As we said in the section 3.2.2, the quali che k| |3| Iemenﬁd In eve
statjon. Thus, Jt may mean ’[)wat technica (L 3 onne Serve E}roduc%
urmﬂ proc}(]ess wgr I[Tter [|¥ (?IS an onem Fm misa
* enouse ort ure uct minedf]ate he further process
e chemical process to"extract

or the failuire proguct | tom ttema
the materla\1 V\Bmh can use {0 produce the aastlc product again.

B, Processing time

The time required for each machine to process a product might be constant or
deterministic orqr om vangafn %r the utomatedpmac INES, %ﬁs re na%i]e )

assume a Qeterministic or copstant processing time pecause the coerficient of
variaion O? AISI ution WOUﬁ(Jﬂl E)e e smeamn our factory, there are 4 stations

ct IS transported o th



sing the automated machines. These
He\ H] & rocessing time In eagh station.

Shows
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fatlons are station 1 2, 3 and 4. The table

Table 3-3: Processing time of each station for product A B, ¢, Dand E

Product Station 1, 2 or 3
100 200 300

C 600 450 350
600 450 350
A 1160 1020 850
1160 1020 850
E 1800 1500 1200

6. Transportation

Raw material, work-in-process and fi
atiD gt/he%e

Table 34, Numbe of WMIP ar]g MaBrlaI Omoved in Lround of

q%%%%en Sugﬁt € Size oPer(ﬁJ

roduc
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mmm
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e
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B-I: Product B with size 100 ml.,

Station 5

2950
2950
2950
2950
2950

pcs / hour/ 1 machine

Station 4 Station 6

2700
2700
2100
2700
2700

[TOW

Material

X100 pes/L move

3500+/-50
3500+/-50
3500+/-50

3500+/-
4000+/-

5
6

0
0

Station 7

3600+/-50
3600+/-50
3600+/-50
3600+/-50
4000+/-60

Lnlshed ]o oducts will be trans o ed
(! a e amount of them move



B-2: Proquct B with size 200 m
-3. Product B with size ) m
+ Proquct ¢ witp size 100 m.
- Proquct ¢ with size 200 m.
- Product ¢ with size 300 mi,
KR
D-3: Proauct D witn size 300 m

7. Amount of product of each type
a fest

éws case, the amount of roguct of eacm pe in } 15, Lsed
with Chi-sq aretstmﬁgresul ngn { IIo IStrioutio o ro uct
%?839& )|(n%1 enorma stribution. More details can be foun

Table 3-5; the Mean and S.D. ofthe Number of Products in 1week

mn N
Product . * .

Type  Means cxiooo PCs) SD. (x 1000 pcs)

Al 29.25 6.25
A2 20.79 4.45
A3 129 2.88
Bl 19.56 43

B2 16.46 341
B3 8.9 193
Gl 107.62 843
G2 65.1 5.

C3 42 87 3.38
D1 389 315
D-2 3491 2.19
D-3 1852 136
El 1932 22.15
E-2 1352 16

E3 913 10.16

3.3 Data Analysis

331 Problem of Current Layout
Asa result of analysis, we found the following problems:
e S e e

(ﬁ ergﬁlgd Oof(s regroce ﬂg tlme ot the Stations ﬁ]US tne tota
?tance 0 {

mowgg Movin Eelgaug fthe same reason In item Land the size
oP ordlers, the num %er oWovmg rouna 515 afso h|gﬁ
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3, Continuation of Material Flow:. Most of \WIP can't be continuedl because the
rogessrnﬂ time 0 f t%hstatron IS hdt t¥vrence anrs)e heIr Itations 6tu‘rrlastrc

rodugtion. One of the limitations Q ‘gro(rit flon rs set
It'S not convenlence to swap i erent P cts erefore,
mus[< esstored InWare ouse nt Xt Stat ons e(
é. ttlenec trpres 5 que nm e the pottleneck inthe system.
. annﬁss an fet r ad ever foun tatt e remains OT INSects
affect the quality ofthe plastic proauct.

The figure below shows the priorities of these problems,

Percentage

Problem ltem

Figure 3-4: Problem of Current Layout interms of Percentage

332 Alternative Solutions

ccording t &4 the Im Fant roblems ofth cur ent Ia)(NHt re item
0 corre hrssg lem three utron are provided to c 00Se one IS
approprrate Inthis situation.’

L crease Machrneﬁ This solution ca he”) reduce. the m vrn
%ce hecause f Pra BssIN trme 8ac or rwill be re uce
tport nity of 1dfe Sta %n er rncrease wever rt?rﬁt
Pro rlate When cons errn%; e machine c st fce of t
P Erodugtron machine 1s expensive so that the anagement
snt Interested n this solution.

2. Increase Transpo er acity. At tQ oment, the car[)acr
tran ortefcan IE mces er round.. There are two limitations o
0 this solution. Hirst, the size of route is smaller. Second, the more

ang ‘Aﬁ AS e urré
3 Ut %esrg I solution seems tebelthe pro%er solutwn n
ecatise the moving character involves In renouse
vvrt some stations. Thus, we™can move these stations to close to the

Warehouse.



3.4 Correction Methods

10 ﬁevel aﬁ new Iag/outs baéed on the short moving distance, the Flow and
Relationship analysis are suggeste

341 Flow Analysis

Ostrmethod tk] data about. erou etween st tions In 1 week Is
|r hlsrdatav\n Hgse fol eng t|V|(ty een statlons
ég gng resggcr}un]bers 0f move rounds o matena an W IS shown |nta

Table 3-6: the Number of Move Rounds for Material in 1 week (Mean)

Material

. o
Means (xiooo PCS) X100 pes/l move  Rounds %

Al 29.25 10 29.25 3.50
A2 20.79 10 20.79 2.49
A-3 129 10 1290 1.54
Bl 19.56 10 19.56 234
B2 16.46 10 16.46 1.97
B-3 89 10 8.90 1.07
Gl 107.62 10 107.62 12.88
C-2 5.1 10 65.10 7.79
C-3 42 87 10 4287 5.13
D1 38.9 10 38.90 4.66
D2 3491 10 3491 4.18

- 1852 10 1852 2.22
El 1932 10 193.20 23.12
E-2 135.2 10 135.20 16.18
E-3 91.3 10 91.30 10.93

835.48 835.48 100.00



Table 37 the Number of Move Rounds for WIP in 1week (Mean)

2349 6625 1026 5951 30.23

2%

100

Vv Means %(iooo pcs) X100 pes/L move  Rounds %
Al 29.25 24 12188 4.16
A 20.79 14 14850 5.07
A3 129 112900 4.41
Bl 19.56 24 8150 2.78
B2 16.46 14 11757 4.02
B-3 8.9 1 89.00 3.04
1 107.62 24 8.4 15.32
C-2 5.1 14 465.00 15.89
C3 42 87 1 42870 14.65
D1 389 24 162.08 5.54
D-2 3491 14 249.36 8.52
3 1852 1 18.2 6.33
= 1932 16 120755 4.13
E-2 135.2 4 9657 3.30
E-3 91.3 1 8300 2.84
Sum 835.48 2926.53 100.00
According to the data In table 3-6 and 3-7, we ca the move rounds between
stations ﬁ 1v¥]eek._ IS c&ata can be used inthe tébl%n% In or(?er to estimate the
en5|tyo eacC act|V|ty.
Amount
2 1 3 5 4 6
2 3.69
1 10.52
3 14.34
) 5051
4 89.74
6 100
7

100
Table 3-8: the number of WIP between stations in term of percentage

... Asaresult.of Table 3-8, the cata is plotted into the chart in Figure 35 to
prioritize the activities.
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0 20 40 60 80 100 120

% of moving

Figure 3-5: Chart of moving between stations in term of percentage

mFlgureSS It shows th twecancate onzet IeveLmto Ieve#s The
8ctmﬂe3é nstat|0n4ar}] rﬁ ouse. and S nd warehouse af gest
nsﬂx/I L Us, they are set est priority. euset e same method Tor the rest

34.2 Relationship Analysis

The relationshi s? analysi
relationship be ation
me conﬁtr s, etheor&/

15 analysIs 1S snown In Figure

&ﬁ used to ve th instramts of Bs % on the
the den

OW set
%ne Od IS CUSG In SeCtI eresulto



Figure 3-6: Relationship Chart of each station in factory A
Legend:
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343 Integration of Flow and Relationship Analysis

The results of flow and relatlo?sh\g anaI;apls are summarized in this section. Its result
can be used as the constraints for layout Cesign.

1 Summary Table

AC ordm tF re2 fCha ter 2, the priori ofﬂow anaI SiS Js higher
than re tjon h| a o m ans the ratio of°priority between flowand
relationship ana y5|s |

Table 39 Summary Table for Relationship Chart and Travel Chart

Activity Flow Relationship ~ Summation  Final level
From \%%lh Level  Level Reason
S:é X 0I 1:2 g
A 0 E j %? ?)
g:w | ,?\ , ]84 I
\ S A
P a% é
S A T E
Legend:

See in last page (used the same legend of Figure 3-6)

2. Constraints for Layout Design

The O[eault fr Rm the summary, table ?9 IS Used to make th consIramts for new
Iaplou ccor@ri&? sreI]J \N8 Separate f gnorl hefween
Regvcagil cactl ities Into 5 [Bvels ¢'3-10 shows their priorities Used to Oesign



Table 3-10: Summary Constraints for Layout Generation

Aitwy FI)-P(brlt

- est
o e
73 et
I-yv Norma
2-\R1/ orma|
JW Low

-2 Low

3.5 Layout Design

With the.criteria.a nd the specific area discussed in this chapter, we can design 4
add|t|onal esigns as follows.

7 m. 7 . 21 m. 7m.

w

W T

<3,  Q— 0
21 m 7m.

Figure 3-7: First new layout design
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Figure 3-8: Second new layout design

21 7

Figure 39: Third new layout design
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14 . 21 . 7 .

4!

Sy P— o

Figure 3-10: Fourth new layout Jesi'gn

. The summary of stations moved will shown in table below to be useful for the
estimation of the moving cost.

Table 311 Summary of Stations moved in each design

station

Type of Design 1 2 3 4 5 6 7
1 y y y y
2 y y y y y y
3 y y y y y
4 y y y y y y y y
Legend

Y the station is moved to another location



3.6 Layout Estimation

— Do

Amount -Distance of Current Layout

w

—~N o B

% ~N oIV

The am

Ia out E !9

etween the centr
-~ Current Layout Design

Distance Table from the existing layout:

Table 3-12a: Distance table of Current Layout
Distance of CurrentzLayout |

28.7
12.6
31.5

0
105.9
132.6

451.7

o O o o o

unt-

38.5

e

L

distance ablt?1

e tne qistance ta

Used to select the a%i eptag

nee etween stations 1 calcu ate
each station.

40.6

24.5

5

24.5

4

6

11.9

he

rom the

Table 3-120: Amount-Distance table of Current Layout

© © o o © o PO

0
904.4
0
904.4

© O O O O O |

0
2690

0
2690

O ©O O o o o LW

0
251.4
0
251.4

© o o o o o o U

1458
0
1458

o © o o o o I~

0
317.4
0
317.4

6
0
0
0
0
0
0
0
0

1190
1190

o o O o

1458
942.3
2450
0
0
4850

8

8

!

4
0
0
0
0
0
0
0
0
4

24.5
10.5
24.5

0

0

ayout from aII 0

ata In t3pl

stance

Sum
840
105.903
132.552
451.71
1457.995
942.27
2450
5620.895

1319133



- First Layout Design
Distance Table from the first layout design:
Tahle 3-13a; Distance table of First Design

Distance of Current Lagout
1 5 4 6 -?_

28
21
105

21
!
245
105

OO 01 LOFN

2 B 35 a2 105

~

Table 313 : Amount-Distance table of First Design
Amount -Distance of Current Layout

2 1 3 5 4 6 7 Sum

0 0 0 0 0 0 0 0 700 700
> 1033 0 0 0 0 0 0 0 0 10332
1209 0 0 0 0 0 0 0 0 22092
3 1506 0 0 0 0 0 0 0 0 15057
5 0 0 0 0 0 0 0 150 0 124971
4 0 0 0 0 0 0 0 6282 0 62818

6 0 0 0 0 0 0 0 2450 0 2450

0 9866 1855 3232 12%0 3174 0 0 0 473189
1050 0 1050

7 0 0 0 0 0 0 0
Sum 4748 9866 1855 3232 1250 3174 1050 4328 700 112846

- Second Layout Design
Distance Table from the second layout design:

Table 3-14a: Distance table of Second Design
Distance of Current L%yout ,

5 4 b 7
2 245
1 245
3 105
5 175
4 27
6 189

25 a2 106 S A
105

~



Table 3-140: Amount-Distance table of Second Design

Amount -Distance of Current Layout

2 1 3 5 4 6 7 Sum

0 0 0 0 0 0 0 0 700 700
2 041 0 0 0 0 0 0 0 0 90405
YA | 0 0 0 0 0 0 0 25774
3 1506 0 0 0 0 0 0 0 0 15057
5 0 0 0 0 0 0 0 1041 0 1041425
4 0 0 0 0 0 0 0 188 0 183454
6 0 0 0 0 0 0 0 180 0 1890

0 5755 1391 1077 1041 6348 0 0 0 3750.74

0 0 0 0 050 0 1

7 0 0 1 0 050
Sum 4987 5755 1301 1077 1041 6348 1050 4816 700 10815.42

- Third Layout Design
Distance Table from the second layout design:
Table 3-15a: Distance table of Third Design

Distance of Current Layout

2 1 3 5 4 6 7
105
2 3L5
1 U
3 175
5 19.25
4 14
6 2
32 2717 1925 195 U
7 12.25
Table 3-15: Amount-Distance table of Third Design
Amount-Distance of Current Layout
00 0 0 0 0 0 o 1w i
2 162 0 0 0 0 0 0 0 0  116.235
t 43 0 0 0 0 0 0 0 0 14128
3 5 0 0 0 0 0 0 0 0 250.9
5 0 0 0 0 0 0 0 1146 0 1145568
4 0 0 0 0 0 0 0 1% 0  1256.36
6 0 0 0 0 0 0 0 2100 0 2100
8 7%1 15007 19&.5 11046 428.2 2O2 : 8 8 40%1.2%23
7 |
sum D145 781 1507 1975 1146 4232 1225 4502 1050 11345.92




- Last Layout Design
Distance Table from the last layout design:

Tahle 3-16a: Distance table of Last Design

Distance of Current Iz_ayout

1 3 5 4 7
875
2 2625
1 1205
3 105
5 14
4 22.15
6 175
.5 15 42 14 275
7 12.25
Tahle 3-160: Amount-Distance table of Last Design
Amount -Distance of Current Layout
2 1 3 5 4 6 7 Sum
o 0 0 0 0 0 0 0 85 8h
2 %% 0 0 0 0 0 0 0 0 9682
v 1289 0 0 0 0 Q0 0 0 0 1288
s 16 0 0 0 Q0 0 0 0 0 15057
s 0 0 0 0 0 0 0 88l 0 834
a0 0 0 0 0 0 0 282 0 204158
6 0 0 0 0 0 0. 0 150 0 10
0 8633 1159 4309 831 6877 0 0 0 397442
0o 0 0 0 0 0. 1 0 0 125

Sum- 3763 8633 1159 4309 831 6877 1225 4625 815 1107545

3.7 Conclusion

The eiults fr%m Tables 3-13at0.3- 18b are summarized in Table 3-17 to consider
which fayout has the lowest moving distance.

Table 3-17: Summary of Total Distance of each Layout

Tcydoe of Des] Sum of amount-distance
rren 8 13191.33
11284.6
2 Desl 10815.42
3o Design 11345.92
4 Des| n 11075.45
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coording fo the he secand design has the Jowest total of distance,
ﬁvvevergthe Iyl h %E) consﬂereg vgne con5|de In the costan rot
rearh it {nis met It cant Prove Ero ucfiv |m%ove en.
6 1 at|on method ﬁuse to compare the productivity e een the current
an suggeste ayout In next chapter,
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