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Comparison of Flow Line Layout and Fixed-Position Layout
in a Rail Vehicle Assembly Factory

Dug Hee Moon' - Dong Su Son * Young Hoon Lee - Yang Woo Shin

In this paper we will discuss two different layout concepts which can be applied to rail-vehicle assembly
factory. The existing system is based on the traditional flow line, and the suggested system is based on the fixed
position layout. The main factors which affect on the system performances are the variation of process time,
shortage rate of part and the shortage period. Simulation experiments indicate that the fixed position layout is
better with respect to the throughput, mean flow time per vehicle and the mean flow time per fleet. Furthermore,
the fixed position layout is more robust than the flow line because performance measures are insensitive to the

variations of factors.

Key words : Rail-vehicle, Assembly, Flow Line, Fixed Position Layout, Simulation

& &

L L

w

O

s

™ il

At

Aepg B ARAZL BAY BF AR 25 DAY WAL Ak Zlo] Frh AR ol &
A25510) A alo] Sgei) walo] sl wse] EASIA UHSTORA A SHNE S4slth ARG

of

o] =ZoAl= AR ol AeE= & SR HiRIeE Aidel theh =olstarat gtk dA AlAdE A5AQ

2}l Whlo] wet 2eiglo] Ao} QIR AJ2E AlARRE Q1A HiAALS w21t gt A A" 3
AR FHARNY W, 2EE 9 AFARY] EXE 156t AEH ol AP sigAIAEe] He A

-

[

(BT

ne ot

Foo| : A, 24, TEHQ, THANFA, AlEold

L A&

1.1 88 % =5

FolA AEE A7) Sl ol frgoR A
HAER= Alo] a&7F she Aol Haliile et
B2 =250] Qlofstet Tomkinss (1999)2 AH[HlA]

il

]

* o] 2o 2017~2018¥ % FUN st A& ATFIA A
o] Ao SoE AFAN.

Received: 27 May 2018, Revised: 22 August 2018,

Accepted: 17 September 2018

¥ Comresponding Author: Dug Hee Moon
E-mail: dhmoon@changwon.ac.kr
Changwon National University
School of Industrial Engineering and Naval Architecture

£8& A&l x| (Product Layout), &% #HHlX](Process
Layout), 25} 7(Group Layout), 14917/3u)
(Fixed-Position Layout) 52 4 7}4] f-do& A ols}
3 74 o) Ree AN

ojf APAkAle] AEAI7E Sk A A A9
2o uheh gebd 4= Qlok EZE(Ford)JJAA| Aglo] =
A=7] o)Holl= ARG 2Rl AsAt =3
S|, SR EEAALHO N AEE HRPRAS
o5 Al=Hul2 Feje EE2l(Flow Line) %27} &
Y=ok AEFEH A= EEelolA & 4 Sl tiEd
ol xR = s BEsto] 34 kAL el
A(Line Balancing) & 01§31} 2t 2] 2HE &
3 T o5 AP ddw ek Wajol). o]

1o

ol

HM27E M3E 2018 oY



AAPEAIE & Apgato] o mE o] 2EF A
At A Aibdol duht gk 4= Qe AE Hole A
ARA| 2ol

o|F ApFAl 2HIRIE T8 o2 slo] st
AkERRloA o] 79| AlEs AAtsh ] f1%t &7
AHMixed Model Production) ¥4lo] &=l ohdt
GRRe] ERAM PR FEHoR sEell S
SABIRA ABER Aolgh TR Aolg Faat
7] 9t o2 ERAA] 2ol A (Mixed Model
Assembly Line Balancing) Wo|y EFAYAAAET
(Mixed Model Scheduling) ®H-& A3 Becker and
Scholl, 2006).

H 19] thAtel Hr=xEH(Rail-vehicle = Rail-
car) AR ARRS 2Ea) A 2"t ol S
A 283t Fok Table 12 AFsabs 3yt Aeabgs4d
o] WA 2gS Blagt Zojck 34k] ujx|ok ¥
oA Erhd AsAs A AFA 25T iAol
7] wfzofl Al Hj2|(Product Layout) S w2th. = =}
A Y AT, =, dEJISA, 21
34 2 AlEetE S52RRI(Flow Line) A& gstal
Qi Moon et al, 2005, 2006).

Figure 1] A|AE H}e} Zro] Hr=a)ef % & A
AN, =454, o5, tias e s HdEch
XJEX}Ek A2s73e) A9 o JHH(Panel) 52 9

AR oA ABAFSH ] wizell el 3 HA8kaL QL
X] otk E3F 2] HEAFE W AsAkgel7] o
woll A2t 3k g AxlsAdol glom, Axaw
9] &} th2HBogie)E AlAslh= thabsde] Qlal, HE
= AN FHdste] thARE ol et Hxe
g 34 - g AL olgles HE 1Y

o
)

1o o
=

T

=4 o
BN ol
il 29
?, :fé

A7F AdsHA| ok e ok 2 3
A5l ), A 30| B, =
Job Shopoll 7171& wefe w27}
ot stejete 24 2 /9] Ao
= e djg ol AEA xATH
KSmtlon)Ol 1007 o)A} ZA)E A AE=x)eF
ke 107) Wole] e e

r13

ox
ot oft
o
)
‘>ﬁ|‘

[ot
i)
[
o
l‘_u
_152 o
-

¢

o
o
5 b

o,
o rlr

i

o2
1o

O>’l -L|-f
ol

%

‘ﬁ

.rl

H
ot
N
o
2
L
2
1o
o,
o
N
N
_'N_‘
2 &
OZi
é
ol
ok
L o
4, F
P
Q,
D

-
T R G s g

)
;
ol

_‘\—Loﬁo
4o 1
Gl
o
o
(o}
it
1
_>|J_
é
N

o >

aw ﬂﬁOﬂ

Lo L

2

Wy e M
i.ﬂ

ﬂllO J_‘>:1‘
1A

ol XN
(i
o,

Q

oft

ol

o
['ll‘

N T2
_1

ol
B0
e
é
ri
&
oH

£ = o rr

M
)
Y
)

HZI 7IE7HL:‘°1] XM—
321401]*15 M= ohE 7iE e

e
Sl el

wol7|walw,
WS A}

4]
I

01:0 El>~
ol
= i

hxs%
(Bogie Shop)

i

oS
(Assembly Shop)

THSE
(Body Shop)

EE3E
(Paint Shop)

Fig. 1. Structure of rail-vehicle factory

ey o] WA AN FR3t ke s
Th2 Q918 Ko A (Shortage)o|t}. TablelofA] A
REo] AEAF Ao 249 Aol Al B
Aol A wel] el BE] ZEE A% Wl
= 0] WAt} waba] g AEo| Akl ]
AFH Aol T8t dd= 71X

= AXPIA = AR B3 5= AL

Table 1. Comparison between automobile manufacturing system and rail-vehicle manufacturing system

Automobile Manufacturing System

Rail-vehicle Manufacturing System

® Customers buy already designed cars

e Make to order (project based)

(Make to stock) e Highly variety and small quantity
e Mass production ® Fleet based delivery and delivery time is at least 2~3 years
® A model continues during 5~6 years ® Power vehicles and passenger vehicles are included in a fleet

e Highly automated manufacturing system except | ® Customer orders new design, and the design can be changed during

for general assembly line

production period (no same design)

e Suppliers locate near the automotive e Manual manufacturing system

manufacturer e Suppliers locate all around the world and the supply lead time is
e Mixed model production relatively long
e Short cycle time in a station (about one e Highly mixed project production

minute) e Long Cycle time in a station (about 2~3 days)
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Fig. 11. Effect of shortage period on mean flow time
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Table 3. Sensitivity analysis for shortage period

(a) Exponential distribution

EXPO(1) | EXPO(2) | EXPO(3) | EXPO(4) | EXPO(5)
As-Is | 24448 | 2389.9 | 23332 | 2277.0 | 2220.1
To-Be | 2440.5 | 2383.6 | 2329.6 | 22829 | 22419
Gap 43 6.3 3.6 -5.9 -21.8
(b) Normal distribution
NORM | NORM | NORM | NORM | NORM
(1,02) | (2,04) | (3,0.6) | (4,0.8) | (51.0)
As-Is | 24493 | 2399.6 | 2352.6 | 2305.6 | 2261.3
To-Be | 2454.2 | 2409.7 | 2367.1 | 2326.2 | 2286.0
Gap -4.9 -10.1 -14.5 -20.6 -24.7
Table 4, 5, 62> FHAILM] 24k A8, AEARE
o Al 74 2lo] vig AR Ak, A B
ARARY, BT ARARAE vmet Aolth. 7} 2
2.0 AlETe A9 AN MER E715) ook
o, Figure 68 Figure 119] 7190 5718 A2771%
PSP o O 4 ok oflela] BAT AR
Azke 54 BAe] 3 WA Aol 3 340 £ A
2 39 B ke o] thAet 4L vkl
Azie] Aol Aelsheict
ALY B B EAY 37) 2% 371
AEAZS) W 9 Bt S710] e QRS v A

Table 4. Production quantities (the number of vehicles)
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12. Behavior of throughput, PT=TRIA(13,16,19)
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Fig. 13. Behavior of throughput, PT=EXPO(16)

Process Shortage Shortage Period (Hours)
Time Rate CONST(2) EXPO(2) CONST(5) EXPO(5)

(Hours) (%) As-Is To-Be As-Is To-Be As-Is To-Be As-Is To-Be
10% 2402.7 2414.0 2389.9 2383.6 2266.6 2295.1 2220.1 2241.9
C?IIZ)ST 20% 2340.7 2374.5 2311.2 2326.3 2132.7 2208.0 2049.8 2125.5
30% 2297.0 2346.1 22453 2283.7 2046.9 2148.0 1925.6 2045.9
10% 2292.1 2327.1 2278.0 2308.0 2178.9 2242.9 2141.8 2197.4
(1:;1:11{;1:%19) 20% 22523 2302.3 2223.5 2269.7 2075.1 2171.7 1995.5 2100.4
30% 2218.2 2281.8 2176.9 2239.1 2001.0 2115.0 1895.4 2028.9
10% 2159.8 2206.8 2150.6 2201.7 2085.3 2157.8 2041.8 2127.2
(1({1};132) 20% 2131.1 2191.0 2114.1 2175.8 2001.5 2101.8 1928.7 2049.2
30% 2104.8 2172.7 2077.6 21514 1935.0 2055.9 1843.5 1987.5
10% 1178.1 1412.0 1186.2 1418.0 1163.4 1403.1 1169.9 1404.5
E()fg)o 20% 1170.2 1412.9 1171.7 1406.3 1153.2 1392.1 11433 1391.1
30% 1167.3 1400.2 1164.1 1396.2 1129.6 1374.7 1121.1 1378.9
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Table 5. Mean flow time per vehicle (hours)

Process Shortage Shortage Period (Hours)
Time Rate CONST(2) EXPO(2) CONST(5) EXPO(5)
(Hours) (%) As-Is To-Be As-Ts To-Be As-Ts To-Be As-Ts To-Be
10% 148.17 132.57 148.44 134.23 154.71 139.46 156.33 142.73
C(()IIZ)ST 20% 151.40 134.77 152.08 137.54 162.62 144.93 166.15 150.54
30% 154.00 136.41 155.58 140.13 169.01 148.97 174.33 156.42
10% 153.08 137.51 153.54 138.64 159.03 142.65 160.26 145.61
(1;:}1{;‘39) 20% 155.64 138.96 156.91 140.97 165.78 147.35 169.36 152.35
30% 157.66 140.23 159.46 142.9 172.11 151.29 177.40 157.73
10% 159.52 145.00 160.04 145.34 163.74 148.29 166.14 150.45
(1(}:}1{:32) 20% 161.70 146.05 162.02 147.08 170.25 152.25 173.71 156.13
30% 163.60 147.27 165.14 148.75 175.79 155.66 180.59 161.00
10% 241.90 226.82 240.59 225.78 246.38 228.14 244.64 227.94
E(}I(E)O 20% 243.23 226.43 245.05 227.27 248.22 229.77 251.19 230.09
30% 246.27 228.70 247.38 229.24 256.57 232.87 257.16 232.05
Table 6. Mean flow time per fleet (hours)
Process Shortage Shortage Period (Hours)
Time Rate CONST(2) EXPO(2) CONST(5) EXPO(5)

(Hours) (%) As-Is To-Be As-Is To-Be As-Is To-Be As-Is To-Be
10% 224.1 207.62 224.95 210.13 235.79 219.17 240.72 228.72
C?II;I)ST 20% 228.52 210.26 23137 215.96 248.61 227.39 258.68 242.03
30% 23231 213.7 237.17 220.02 258.47 234.00 272.39 252.45
10% 23245 214.88 233.09 217.09 243.17 223.80 247.48 230.91
(13?12?19) 20% 236.3 217.38 23891 220.92 254.27 230.50 263.71 243.22
30% 239.56 220.06 243.31 224.29 263.69 237.78 277.73 251.96
10% 244.07 228.02 244.96 229.16 251.96 23331 257.83 239.60
(13:?;32) 20% 247.67 229.71 249.1 231.82 262.23 239.81 271.42 250.25
30% 250.47 231.83 253.82 234.65 270.94 245.67 283.13 258.50
10% 420.6 415.49 416.03 409.56 424.69 415.95 423.64 416.79
E()1(6P)O 20% 423.26 411.53 423.55 416.33 430.52 419.20 432.67 419.70
30% 4254 417.99 427.13 417.29 441.28 422.78 442.05 426.88
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Fig. 14. Behavior of throughput, SP=EXPO(2)
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Fig. 15. Behavior of throughput, SP=EXPO(5)
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