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Analysis of the Productivity of Automobile Painting Process
Using Computer Simulation

HygE:, d&sw
Won Kyung Kim, Chung Gyu Kim

— Abstract [

In this paper, the productivity estimation of the painting line in an automobile plant is
studied. To improve the bottleneck and the weak point of the process, computer simulations
are performed. In determining the system specification, the status of the conveyor lines and
the other physical facilities are considered in order not to intervene with each other and to
satisfy the painting facility restrictions. As simulation parameters, production performance
ratio, number of hanger and dolley, down time, speed of conveyor and the pitch of a
painting body are chosen on the basis of exhaustive field evaluation to study their effects
on the capacity of the process. The results of the simulation show that we can improve the
capability of the system without additional investment to the plant facility. The best
condition for the maximum capacity of the process is selected by comparing the alternative
computer simulation results. As a simulation language, Promodel is used which is very
useful and easy to use in manufacturing oriented simulation.
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oz ey LEE‘\%TH cap BODY PITCH TACTTIME | C/Y, é)&
WRS - 2000 - - -
LOADING DL LLOADING DI. - 1 - - -
TRANSFER LINE LOADED HANGER 1 15 4 - - 18.6
PRETREATMENT PRETREATMENT 240 39 6.15 1.08 5.7
ELECTRO DEPOSITION | ELECTRO DEPOSITION 145 24 6.10 1.09 5.6
TRANSFER LINE LOADED HANGER 2 14 3 - - 18.6
UNLOADED DL1 UINLOADED DI - 1 - - -
UNLOADED DL2 IINL.OADED DI2 - 1 - - -
E DOLLY STORAGE LOADED DOLLY 1 19.7 5 4.6 - i 18.6
TRANSFER LINE TRANSFER LINE 113 24 - - } 18.6
E- CARRIER STORAGE | E HANGER STORAGE 3314 73 - - 18.6
E D OVEN E D OVEN 170 34 5.1 1.09 47
E D STRIP OFF(1) E D STRIP OFF 2175 49 - - 18.6
E D STRIP OFF(2) E D STRIP OFF 369.5 82 - - 18.6
SEALING SFATING NDEADENER 89 16 5.7 1.08 53
TRANSFER LINE U C BOOTH 56 10 5.7 1.00 18.6
U C OVEN U C OVEN 117 23 51 1.09 47
TRANSFER LINE LOADED DOLLY 148.5 33 - - 18.6
DRY SANDING PRIMER DRY SANDING 352 6 6.0 1.09 55
TRANSFER LINE LOADED DOLLY 5 32 7 - - 18.6
PRIME COAT BOOTH PRIMER COAT BOOTH 55 9 6.2 1.09 57
PRIME COAT OVEN PRIMER COAT OVEN 192.4 38 5.1 1.08 4.7
STRIP-OFF LOADED DOLLY 147.1 34 - - 18.6
STRIP-OFF LOADED DOLLY 108.8 25 - - 18.6
STRIP-OFF LOADED DOLLY 82 19 - - 18.6
TC DRY SANDING TOP COAT DRY SANDING 709 12 6.0 1.00 6.0
TRANSFER LINE LOADED DOLLY 574 14 - - 18.6
NO1 TOP COAT NO 1 TOP COAT BOOTH 79.2 13 6.4 2.00 32
NO1 T/C OVEN NO 1 TOP COAT OVEN 135 27 5.1 1.96 2.6
STRIP-OFF LOADED DOLLY 10 95 21 - - 18.6
NO2 TOP COAT NO 2 TOP COAT BOOTH 79.2 13 6.4 2.00 32
NO2 T/C OVEN NO 2 TOP COAT OVEN 135 27 51 1.96 2.6
STRIP-OFF LOADED DOLLY 152.2 35 - - 18.6
STRIP-OFF LOADED DOLLY 73 16 - - 18.6
TRANSFER LINE LOADED DOLLY 144 63.5 14 - - 18.6
STRIP-OFF LOADED DOLLY 15 9.1 2 - - 18.6
IST INSPECTION TOUCH UP 1IST INSPECTION 41 7 5.8 1.00 5.8
TRANSFER LINE LOADED DOLLY 129 3 - - 18.6
REPAIR BOOTH REPAIR BOOTH 90.5 21 - - i18.6
REPAIR BOOTH REPAIR BOOTH 107 26 - - 18.6
TRANSFER LINE LOADED DOLLY 109.6 25 - - 18.6
PRS NI. - i - - -
ASSEMBLY SHOP - 1 - - -
TRANSFER LINE E DOLLY TRANSFER 105.7 25 - - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 1 71.8 16 - - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 2 93 21 - - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 167.6 37 - - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 99.8 24 - - 18.6
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FIX 27000 oeay LEI:AG)TH (EEAHI;. BOD\({MI;ITCH TAC('I'_E'])'IME cmé)g
WBS - 2000 B .
LOADING DL LOADING DL - 1 - -
TRANSFER LINE LOADED HANGER | 15 4 - 18.6
PRETREATMENT PRETREATMENT 240 46 0.91 5.7
ELECTRO DEPOSITION | ELECTRO DEPOSITION 145 28 091 5.6
TRANSFER LINE LOADED HANGER 2 14 3 - 18.6
UNLOADED DLI UNLOADED DLI1 - 1 - -
UNLOADED DL2 UNLOADED DL2 - 1 - -
E DOLLY STORAGE LOADED DOLLY 1 19.7 5 - 18.6
TRANSFER LINE TRANSFER LINE 113 24 - 18.6
E- CARRIER STORAGE | E HANGER STORAGE 3314 73 - 18.6
E D OVEN E D OVEN 170 37 0.96 47
E D STRIP OFF(1) E D STRIP OFF 2175 49 - 18.6
E D STRIP OFF(2) E D STRIP OFF 369.5 82 - 18.6
SEALING SEALING DEADENER 89 16 1.00 53
TRANSFER LINE U C BOOTH 56 10 - 18.6
U C OVEN U C OVEN 117 26 0.96 47
TRANSFER LINE LOADED DOLLY 148.5 33 - 18.6
DRY SANDING PRIMER DRY SANDING 352 7 0.98 5.5
TRANSFER LINE LOADED DOLLY $§ 32 7 - 18.6
PRIME COAT BOOTH | PRIMER COAT BOOTH 55 10 0.95 5.7
PRIME COAT OVEN PRIMER COAT OVEN 1924 42 096 47
STRIP-OFF LOADED DOLLY 147.1 34 - 18.6
STRIP-OFF LOADED DOLLY 108.8 25 - 18.6
STRIP-OFF LOADED DOLLY 82 19 - 18.6
TC DRY SANDING TOP COAT DRY SANDING 70.9 13 0.90 6.0
TRANSFER LINE LOADED DOLLY 57.4 14 - 18.6
NOI TOP COAT NO 1 TOP COAT BOOTH 79.2 13 1.80 322
NOI T/C OVEN NO 1 TOP COAT OVEN 135 30 1.73 26
STRIP-OFF LOADED DOLLY 10 95 21 - 18.6
NO2 TOP COAT NO 2 TOP COAT BOOTH 79.2 13 1.80 322
NO2 T/C OVEN NO 2 TOP COAT OVEN 135 30 1.80 25
STRIP-OFF LOADED DOLLY 1522 35 - 18.6
STRIP-OFF LOADED DOLLY 73 16 - 18.6
TRANSFER LINE LOADED DOLLY 144 63.5 14 - 18.6
STRIP-OFF LOADED DOLLY 15 9.1 2 - 18.6
1ST INSPECTION TOUCH UP 1ST INSPECTION | 41 7 0.90 58
TRANSFER LINE LOADED DOLLY 12.9 2 - 18.6
REPAIR BOOTH REPAIR BOOTH 90.5 21 - 18.6
REPAIR BOOTH REPAIR BOOTH 107 26 - 18.6
TRANSFER LINE LOADED DOLLY 109.6 25 - 18.6
PBS DL - 1 - -
ASSEMBLY SHOP - 1 - -
TRANSFER LINE E DOLLY TRANSFER 105.7 25 - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 1 71.8 16 - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 2 93 21 - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 167.6 37 - 18.6
E-DOLLY STORAGE E DOLLY STORAGE 998 | 24 . 18.6
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Tact Time 103 2/4)

Gross Production Q'ty | 60¥/A) 7b+1.038/d = 58.3th/A| 7+
AREE 85.5%

Net Production Q'ty |583tH/AIzF x0.855 = 49.8th/4)2¢
Q7 27} 483321 ZHF 2 A1 ZHA &)

SR e b 240,000
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A5 g FR3 AL R, 72 T
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& A, =AY g5 F AR 289R9%
(Assembly Shop)2. & old4g %2 <E 4>0A
AR 475t 2 AA 3 AAZRA(FH AE 48
)@ S diolEE ZA HAYch wetd A
WdzE 240,000t) A3AbAdu]e] it Rdy AEEE
2 FEYel FEIHUY d71M Pretreatment®
o] A9 Assembly Shopo 2 Wzt a2 2
o] AHAHsH 524-475=49JPH(Job Per Hour: A]
g Addl)ol g2 AlzkE diEk st AAE =
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2
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Lo,
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Rl
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<H 4> 7|E<t FhEA UF E

ot

EE: Capacity | BU8F) Yiiag

A @ | OPH) | 5%
Pretreatment 39 52.4 94
Electro Deposition 24 50.8 82
E D Oven 34 51.2 a3
Sealing Deadener 16 50.4 91
U C Oven 23 50.3 91
Primer Dry Sanding 6 494 85
Primer Coat Booth 9 49.7 90
Primer Coat Oven %g ggi gg
Top Coat Dry Sanding :
No 1 T C Booth 13 245 82
No 1 T C Oven 27 25.2 32
No 2 T C Booth 13 295 ( 98
No 2 T C Oven 27 304 ’ 100
Touch Up Inspection 7 513 ¢ 88
Assembly Shop 1 475 \ 82

At & (JP
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ANEZ(IPH) = AFA 9 Simulation 23X

3 ¥
Gross Production ty= ey G%act Tone(E)
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<E 7> FUet Aw sz

g = .

“

Tact Time 1.0 2/4

Gross Production Q'ty |60%/A) 2+ 1.0%-/tH=60.0tH/A] 7+
ANEE 90.0%

Net Production Q'ty |60.0tH/A12Fx0.9=54.0th/ ) 2+
W7t &7 5,057 A HF A A 2k A 2))

SRR R R 2700004

HEE gl Fuieh AggolA At <H 8>
ety gled, =33 2gadgog o)%
" AAE Az 5347 ks, AA AAA
AGE A qu)z Ao dsng <E 2>
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it #ad 4 gtk B2 o7|ME YAy
(JPH)2 FAMZHGIPH) AANEES F3 FX
olBg AAEE WEd wel Aolg Yehlu g
oy 1 ARXE 7]EQQ] AZF 2400000 AAA] A
Hl 2] AlEgold AMroE I8 EUtE A
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- Capacity| BAt8% | 44tz g
GREN () |(Jobs/Hour)| (%)
Pretreatment 46 58.6 89
Electro Deposition 28 5.8 86
E D Oven 37 575 92
Sealing Deadener 16 556 93
U C Oven 2:/'6 $§ gg
- Primer Dry Sanding -
Primer Coat Booth 10 549 87
Primer Coat Oven ‘g 2;2 gg
Top Coat Dry Sanding 2
No 1 T C Booth 13 290 87
No 1 T C Oven 30 299 86
No 2 T C Booth 13 297 89
No 2 T C Oven 30 308 92
Touch Up Inspection 10 6.5 8
Assembly Shop 1 534 89

A

719, #Y7t /M Aog dqA"Eg. g E
5 #S 7hHoF & FAL Sealing Deadener 2
s HHog Zzte L-xd o Fs)oks)
I FE8Y A= mel T gL Eyo
AHE e Foln, Hi YA E o] 85%UL 7
a1 AlEdold AR FAEE 93%E v
< FAYE & U UEN 5T HEEAY
A8t7] A3l o] FAH HF A Mol gzt
I

.- —

¢

1
[o]

T

o
=

Rl of H

4.5 7 Scoiet et

A7 HEY WEoZ B o, iy

&3] AAZA DAY HZol Fade & 4
Ak olF =g Ed2 & AHSgte <ay
>3 2k 47)e AHEE Ao} GJPH(Gross Job
Per Hour)®&, @] Zwo]oje] AlAMo|y} F-gA}
glo] fujolo] &xu} ¥x] WAt g Zgr}sd
Arhgekols P GJPH, A7 270000th AJA+E
Holl 5057A1F LA 71FoR "as GJPHS
FEAgeE @AA A g ol At o tH Al
Aol A 9] dujo] & Eo] 0%7IA Edsle B4 5
o] i3] Fol Adulo] Hf7} gle Ao EAHY
oo, At AHFute] FAe Mujo A Ak
< 7 gz 2439 ¢tog wdd. o
& <29 3> NS ete] AsYd M PT EDY
ZAGJPHOl= After Service %9 At §x
5%7F 85 Q3L, TSand, TBooth, T UdlE E3&
FA 38 918 Recoat € REEH 7%/ 239
RO E ofefe} go] Az}
w FHEE(%): 2t F2ZHo) g AF dolg
w HAGJPHCZ1 ) @A) AMEF9 Aujg Wx
Bk glo] A4 5 e Hdisy 3,
60%/2t #2834 Tact Time(R)o2 AHAitsin,
Zt #8374 Tact Time(E)& <Z 1> dzt
240000t] A4kA] Adu|zdo] Yehd dlolgl 7]
B

» HOGIPH(Z ) 8 A% A8lE Body



RSA THBYO WY YUS B

NEeolM 24 83

B A ciGJPH 4% WRGIPH N ¥ =GIPH
70 }__ﬂ 3
60
50
2o PT ED | SealD | PSand {PBooth| TSand {TBooth| T U
FRAEE(%) 95 93 90 90 93 93 90
@4 GIPH
55.6 556 | 56.1 | 550 | 60 60 60
(?1£%h
# v GJPH
65.9 600 | 612 | 632 | 667 | 667 | 66.7
(ZdghH
g8 GIPH
A Z e 62.6 600 | 605 | 61.0 | 667 | 66.7 | 667

PT ED: Pretreatment Electro Deposition

SealD: Sealing Deadener,
PBooth: Primer Coat Booth,
TBooth: Top Coat Booth,

<2y 3> AH

PitchM) ¥4 5% 298 & 4 A &
F U Adsgoez A GJPHY 2 14
oz AMNEY, 2+ 2349 Tact Time <
® 2> Az 2700000 ABAMA] Av)zdel e
g dlojg} 71EY.

» Y QGJPH(RA Zdieh): 3k 270,000t AAEHF
of 5057413 SFAVIELE A GJPHO
t}. ¢& Eo] PT EDE <X 8> Fuiet i
g Az AZe] e

SLURIBBS < 4/S Parts 5%(1.05)=62.6

o], N2 s FHL thedt 2o
- SealD: 556/0.93 = 60.0

- PSand: 545/090 = 605

- PBooth: 54.9/0.90 = 61.0

- TSand: 57.8/093X+4& AT A=A 7%

PSand: Primer Dry Sanding
TSand: Top Coat Dry Sanding
T U: Touch Up 1St Inspection

Foieh 2o
(1.07) = 66.7

- TBooth: 587/0.BX+4& A% A=Y 7%
(1L07) = 667

- TU: 565/090%X 43S 4% A= 7% (1.07) =
66.7 (AAr2 672014 66.7°) MAXSY)

<a9g 4 WA Fiet 8.9
54d 8
B APAT =8 ZW 24 DAEA FFe
71& T3kl A J* S %101 HFE 2
ol 71ME Hgd BAHE RAojtk FF Az

AR A AEHow Al 7‘7}7} o ArE
ojof] &3t =R H 9] Exldier S 93 €

T E

A Aololol s Axatolon TS U -



&Y HENESRL

A A A AEE BYS 9T A2E W)
gal BFE ABHel NS WAsAG. 2NAT
sbel AdulEa vl gglol @zt UM 277
WS FAAP7] ARAE FhEE 2N

oAzF 5057A17k9] FHd A zkel 90%9) AR &) F
sttt A Egold Helvie2AM Hanger Ex
Dolley ¢ Carrier 8 ZA3HE A7 o2
Z7H714] ¥l & & F oy, ol
o] g 5o B& FA AFHe Y, AFETESE o
7] QoA HAutan] Y A Fo] Ateel ¢
BEe T3 tedd g So] asith o)
g BRAAate 35 ol A Fd @ ALt
A8 £YA dAardAge] a2 848 F AL A
o7 7idigt
NEHIA 71 E T

7] 93AME T8 2

AR T Hest] a3E

% A gdold HEHE &

°
o > rlo ont

& AlEdold 2d 7H"EL?+ A A3 AT
Z Promodelo] AHEHUET ol A&l
nd pEg Y& T ZA Ao Hof
s wAe g8t Hoj, AZE o o
71“1‘44 e AIHE ©E T 4 AUTh
F35 2 AT Waste] AMEjoF T AL
2 HPANSEL M ARSI T o, A
Azdd g AFRAE F, AvHsEeS A
ago 43S F= 4 T4 AT Down
Time)e FHH o2 AAEA £3157] dEd &
AzAE AR Radgsed #A7 AU =
g Alz"e] HJYPPAsEeR FFE 7HE8tY
a3 do|Ele AYRAES Foho] HFH Al
FeolAdg £t o HHstd YAARE &
2N+ 3g Aoz g

2 o g P g

2

Mmoo A X

rSL';‘; r

=2 HgAH HM2%, 1999. 6

uzL
r~{n

kil

(1] =&+, HAE, 28, “Asar =343
Color Selection A28 %3} Adgs 9
7, 2%, 199.

2] Ae% “THAE AR A} 1990, ppll.

(3] 4= 9, ‘=R~ 27}{01 AR} 27 %
o] MASAAGRA" =AY /3

= Agees wEATSIEUE =,
1997, pp.4bl-44.

4] 284 9, “HAHY Algwoldd o NE T
Ejt!)\ "

AR A" Technical Review, H$AEA 7%
A4, 1995, pp.180-181.
[B] Averill M.Law, Introduction to Simulation: A

Powerful Tool for Analyzing Complex

Manufacturing Systems, Industrial
Engineering, May 1986, pp.6-8.
(6] Harrell,CR, BatemanRE., Gogg,T.].,

Mott,Jack R.A., System Improvement Using
Simulation, Fourth Edition, Promodel
Corporation, Orem, Utah, 1996.

[7] Paul Bratley Bennett L.Fox, Linus E.Schrage,
A Guide to Simulation, Second Edition,
Springer—- Verlag, 1987.

[8] Reference Guide, User's Guide, Promodel
Corporation, Orem, Utah, 1997.



ABX THSH HHY Bug 2fft Aol Ba

® A7) @

b T e

A

19779 Mgt Abyg 3 sta} &A)

19793 A-gdist dist Al E sty 4a}
19891 vl Ohio FHuigtielA M.S.
1993 v] 3 University of HoustonolA] Ph.D.
A Fddstn gty ws

PAFoE AlEY oM Algk 3 SL8EA

A5

1984 Zdohstal 7] A &5 ahat

1999 Bgoista chshel AdEeat Ma)

A HAEAHF) T ARRE A
ARk ArEore] AFH AlgHold MY &

&



