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Abstract

Current flexible printed circuit board manufacturing faces idle time problem in the fixture
equipment movement process and wage which trend increases. By operator using platform truck to transfer
the fixture equipment travels to be distance 2.6 kilometers per day, which occur the idle time. This research
aims to improve efficiency of the flexible printed circuit board manufacturing was used an ECRS principle
and design of gravity roller conveyor. Due to researcher needed knowledge about machine design process,
thus, reverse engineering principle was used to find design knowledge. From a project feasibility study of
design and creation of gravity roller conveyor was considered from breakeven point analysis. The results
showed that the design and construction of the machine were appropriate, it could pay back within 4.5
months, it can be increased productivity from 0.2255 to 0.4606 (sheet / Baht), when considered cost of
arranged of a fixture equipment was reduced from 4.44 to 2.17 (Baht / sheet).
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nsaf1edeyanisesnuuumdminssuaindwid msaislmindednasndiuiogildunlasnsuiinmeitae
genuU (Computer Aided Design: CAD) vasdufiil Fovdnnssanamilulflunsesnuuuiudeiesdns [7]
2. ww3pa (Preparation)

2.1 msunsIzvinsruIunIseanlnelingss ECRS

nmslivgud ECRS Tumsiinszsilauaded

E: msvdananiigauieiailuduneunsifuresmiingu anauainidu 2 au wieiies 1 au

C: m3rmtureunvudeinaeituindsadilise

R: Madnddurulmlingailunshanlagldgunsaignnassidesmunsddiiudag

s: gliminanwhaudhetu lddeadonmauihegunsaliinees lnewinnuagyimihiidaSedinaes
Wiesognaie iy

22 Funeumsesniuy sxuugnnam sl

dmsudumounisoonuuulaslindnnisvesimnssudeundu fansunanuuuiaiesdnsvemi
U3MNEn Tnednauinanuntis emeny arwgs Tanilduasdofmuasing 0 9rniuidoyasg q waniunld
dmsun1seenuuulagdadanuideves [5, 7]

2.2.1 mseenuuulasiaiN
U3snsdiAnySfuiisnsaviliagdliifiu 300 wuRuns wardssosng 30,550 e
NISAININ USUTIAN TN

ydes fan B vesanemiumuLssliinog
syugvinadegnnaad (Pitch ) = 40 mm
ATUBTAVHATEITIGNNAY 30.55 m = 30,550 cm
qmﬁyaé%ﬁmﬁwmu 30,550 /40 = 763 @n

U311m5U092988 30 OD = %x h x (Df -~ D22) (1)
- %x 25x (30 — 297)
=1158.462291mm°> =1.158462291cm’

umtinduryuvesnNrUIkivtagnnamataRnlnalnsiay x Usuing

=7.54139¢g / cm?® x1.158462291cm?®
=8.737g =0.008737kg

tan £ = (2k/ D) +[ {L+(wn¥ G)}x(ud / D) |+ {gx(Znwv* / gLG )} 2)
AvuabA

k = duusyAvsanudsamuni (egilfley - wara@niiil) wiriu = 2 mm

D = durugudnatsgnnie Wiy 30 mm

w = din maa%udaumgu WU 8.737 g = 0.008737 kg

n'= 16 gn
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[N

G = mddudhminsn wihiu 0.621 kg

u = dulsyavsusadeaniu wiiu 0.2

d = @uruaudinal wihiu 3.5 mm

q = Wuivszneueseszwing 0.8 s 0.9 esmnlillvsedudwiledeuiivesgnndsinuaileguy
WWuseuauarlsitdousneaudi V = 1 (@uyi)

Z, = Sunuvesmsziiadouiilundoudu = 1

n = a?wmuqﬂﬂ?:qﬁiaa%’uﬁaaﬂﬁmz 763 x2 = 1,526 gn (399959 1,510 gn)

v = anusudaduvedivan 02 m/s

¢ = 5dlaeuselifudng 9.81 m/s?
L = enwsmviavin 30 m

v
[

PMNENNTST (2) @nsnsnuust
tan 8 = (2k/ D)+[ {1+(wn¥ G)}x(ud / D) |+{ax(Znw* / gLG )|

=(2x2/30)+[ {L+(0.008737x16/0.621)} % (0.2x3.5/30) |+ {1 (1x1510x0.008737x 0.2° / 9.81x 30x 0.61)}
=(0.13333)+[0.02858] +{0.00294}

tan 3 = 0.164755

B = tan(0.164755)
£ =935 ~10°

o

AuIAEITesdegnnaTlanall V=" (3)

uuali V = anuidaudadu 0.2 m/s
D = vumduruguinans fegnna
n = AEATY rpm

NNAUN5T (3) mmsaﬁm’gmmmL%’JL%aagulﬁﬁaﬁ

ANULSNTLEU =

7x35
=10.76rpm

222  AIAINIATEUBNTINGNE lun5entiiviin
ATEUBNTIUANE (@) Bove Size = 25 mm (0.025 m)

Fixture & Cover = 0.621 kg 9@ Support 4.291 kg (4.291 + 0.621) = 4.91 kg

¥
Y v a

amﬂsaﬁwmmﬂ'wmmﬁmmmzuaﬂqulﬂ 7191

P = =09 (@)

W _mg
A A

F
A
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NNANNTTN 4 aansafmwIMmAANLGuYeInTruanguilluAndlanail

2 2
_ 4.91(9.81)/7 dT _ 4.91(0.81)/7 292"
~98125.2IN /m? = % _ 0.981Pa
X

a o

JUN 3 nszvenguiliuAndnldiuin (wgedad Wivind, 2018)

2.2.3 n1599nUYTEUUNIIAITYINILTULANT

Pneurnatic cylinder Wugunsalluganisviugnnisdndssmuusaliueg

Pneumatic cylinder [

—
S

Control speed
-
A

Solenoid valve 5/ 3

=g

JUN 4 gunsaimsvinusing q vessvuuiluwdngd (nasdad Avint, 2018)
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2.2.4 mseonkuulassasessuugnnasdndewuLsdldung

2000

7155

R1098

16630

2000

Lifeter (900 to H2600)

Stud to adjust—

¢
Title d 1
> n Fixtur Placon Return Fixture 1 set
|ows 0 [Finian i) ale Jibest T a@ ‘ A3 {
f=—) (. 106-00-0101 j1:60 |12 | )

o

sU# 5 wuulassasnalngldlusunsu Auto CAD  (esdat fivint, 2018)

2.3 $18msgunsal uszsuuszananlglunsusudarenimmanlneldssuugnnassuusaldug

IINMIRNKUVANNNTaaTUTIINgUNsailthagsuUsEanaunldlunsAliun1sAmIsI99 1
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M5 1 51en15gunsal wagsuUssanaildlumsfindsszuugnnasnauseldun
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579157 1Uazden MU
UM

Ling Placon Roller Renturn fixture (ESD-Type) 1.00 138,000
Size : W230xWf150xL*8.500%*Ro500%25.600*1000x H2.100
To. 900 mm

-Aluminum Structure : 30x30 SUS

- Placon Roller : EF-2046C ( Placon Type 40 ) ESD

* 41 line Plaacon 90 84f1817 1 m

*ﬁizaxmmma *8500 * Ro 500**3600 mm LbIIULNATULLAY
fl Cover 1§ Line #isvozenue *30.000 mm - saiulsi

cover 1# Line

Line Placon Roller Lifter Return Fixture 1.00 74,000
( ESD -Type ) Size : W230x Wf150 xL500x H1 600 To 2100
mm

-Aluminum Structure : 30x30 SUS

-Placon Roller : Ef -20046C ( Placon Type 40 ) ESD

-Air Cylinder SMC Bore Size 25 Stroke 1500 mm

Eqiupment

-Acrylic Cove line 3

FIUIURY 212,000 .00
A5 MY 7 % 14,840.00

Wavan 226,840.00

2.4 FITEEAIAIAUYY

o

AN0AWINTTEEIAAL LTI TaYUAS R UN sl LAse anndsnunseludelassil

v X
AU =—L (5)
X2
X, = 'ﬁﬂmamﬁaanﬂﬂaamﬁ%ﬁm 226,840 U
X, = Awsmdneu 1 Ay 25,000 U9/ Wow NULUUNE 2 Ng = 50,000 UIW/LRBY
WANNUY =—= = 226,840 U/ 50,000 UW/iRBU = 4.5 fiau

LR |

2
a3l Aadumaihszuvgnnasdndeauseduaanldunuusanuay 3alanuduaiagu

2.5 PUpOUNITATNITUUGNNAINIULTINULI I
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JUN 6 msinaalaseatne mnsfad fiving, 2018)

= d‘ o o o i v d' o =
VLY 5383Ljaqﬂuﬂu%@ﬁLﬂﬁa\‘i?\]ﬂﬁﬂSfﬂaﬂu@ﬂﬂ'}’]@qﬂﬂqﬁi%ﬁqumﬂﬂLﬁi@\‘mﬂi (59

'
a

JUN 7 myvFuyulassasralilamuiuy uagnisseyaniuanssuuiuu@ng (Wasdald Wviny, 2018)

3. N1IMARLY
naINNssruvannasEaswuusaliugnldlutuneunsdainiaesindagasudu nuitaunse
anAuilogalun1svudeudd dranunsaanduiunineuy 1 au luldasnznsinuaunsawanidagui 8
v & D2 - = = ' @ YY) v a
wannillanageusruusignnisnnuusaliugi iieIsuiisunaneuuulsaasniauSuUseeunuginig

Tva wundanuwanansanddleiag 3,650 w9 (50.83 w1¥l) anawuda 2,450 U9 (40.83 W17l AIR151971 2

U

a

8 FrenszuuNNanneuUTulTMazYFensEUIUNSHARMEIUTUUTS (Hnsfad Wiving, 2018)
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NNTUTUTBUNEANIN (Productivity) Yasiunun1sdnisesgunsaliiniaesieuusuussiasndsusy

aunsarulanadl

Output 470 (wriu/)
before) " Input 1,042 X2 (uw/Hu)

Output 480 (wiu/%u)
after) — Input 1,042 (vm/ )

Productivity( = 0.23 (WNW/U) W30 4.44 (UIV/URL)

Productivity( = 0.46 (WNW/UW) %50 2.17 (UI9/WH)

NAINNITUTIUMEURNBANINNULN @1UNSAAUREANINANN 0.23 (Weit/U%) WU 0.46 (WeL/UIY) Y130
mﬂﬁammﬂisw‘iwaqmsamé}’unuwudw A1U1308AFUYUNITINSBIgUNIRITNRDIIN 4.44 (VI wein) IndeLies
2.17 (UN/ukiL)

M1391 2 MaUTeueuUsEansamneuUiulsawagnaauTulse

. Qty | ssazme | v doyanual 1281 Aoyanwal
ANB7UNY
24 (uns) Aundi !;‘. Al *E-

1.W1N914Y Load job 0 60 & 60 &
2. 3aduedosii 1 PANASONIC 15 30 3 30 !
3. 1A%097 1919%297U/MC PANASONIC 1 30 i 30
4. sAuduASas MC Accessories 0.8 30 I 30
5. 13097 2 119§297U MC Accessories 1 60 i 60
6. ANt uASRSH MC3 NXT-FUJI-D 15 30 Z 30
7. snAuduaosii MC3 NXT-FUJI-D 1 50 z 50
8. At uadasil 4 SMT BONDER 0.8 30 3 30
9. \#i%0sil 4 ¥197u SMT BONDER 1 120 z 120
10. a'mf‘.iql,ﬂﬁﬂl,ﬂ‘if.ae Reflow Heller 1812 EXL 0.8 30 Z 30
11. Lﬁ%‘a& 5 ¥1191uU Reflow Heller 1812 EXL 3.5 600 z 600
12. Wy Colling WaauszureAuiou 3 240 ! 240 l
13. souASosd 5 Anu 0.8 120 3 120 !
14. ruduA3es Azymite 0.8 30 I 30 I
15. srudiaias Azymite vineu 1 120 I 120 (
16. A52980UN15AA Epoxy 0.8 120 :‘ 120 \-‘
17. iaduadosdt 7 191y Reflow 0.8 30 30
18. 1A304ii 7 e Reflow au Epoxy 5 600 z 600 Z
19. i1y Colling WaaNszUIBANTIY 2 120 1 120 i
20. 5984 Fixture NEUgAEUAY 217 | 1200 i 0

591 277 | 3650 2450

4. @yUnan1svnaauasanusng
dm3UNsUFUUTIUTEAVE NMINEN N THARNTEUIUN THANLKILSBIENVITOENd anunsnanAilond191n
nswudne aisenss uenanidsannsasnsuiuntnauld 1 au lasnaannindieudisundnniwmuiy
ANNTALANHAANINDIN 0.23 (Wetu/un) 18U 0.46 (WHu/um) ﬁamﬂﬂmimﬂﬂisLﬁumaﬁﬂﬂiamﬁunuwuﬁﬁ
annsaanduuMsinGesgunsaliineesann 4.44 (/i) wdeifies 2.17 (UIn/uku) dmSussdauiildan
meviimnssudoundu mmirluldlumsesnuuuszuugnnasmaussltudaaiioldlunisdndesanenanandu o

W39l UNSVUENBTUNUYTELANDY
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The value of k, rolling friction factor, is taken 0.0012m from this webpage:

http://www.roymech.co.uk/Useful Tables/Tribology/co_of frict.htm

Kinetic coefficient of friction, I, is taken to be 0.5: http://www.tribologyabc. com/abc/cof.htm
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