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Structural and Dynamic Characteristic Analysis for Automatic
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Convergency Lighting
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ABSTRACT

In the general manual feeder of an LED lighting assembly system, many workers are needed to supply parts
to the main conveyor. The automatic feeder for modern automation lighting assembly systems consists of a
completely automated feeding system and a magazine system that supplies the parts automatically. A standardized
LED panel and diffusion cover is stacked in the cartridge of the magazine system. The structural safety of the
automatic feeding system with regard to handling the load from the panels and covers stored in the cartridge
should be guaranteed. LED convergency lighting modules are assembled using two LED panels and one diffusion
cover in an automatic feeder. In this study, the structural safety and fatigue life of the automatic feeder and
magazine were analyzed by considering the load generated in the automatically assembled LED convergency
lighting system. In addition, the dynamic behavior of each auto-feeding system and magazine delivery system
was visualized, and the working process was evaluated via dynamic simulation using a virtual engineering
method. A tack time table for automatic feeding systems was derived by developing a virtual prototype.

Key Words : Automatic Assembly System(AtSZF =7 A[AE!), LED Convergency Lighting(LED 8% =W),
Panel Feeder(Z'2 i), Diffusion Cover Feeder(ZHMHEH 74 I|), Tack Time Table(& A|ZHIE)
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TR LED x99 § RES
53t A zHollA 2HE F =
o] Ea ok LED 24 Y A|2He 2y
FEF& o]$3t= LED #d Frjet g4itkd A J
o I8l AGArt AAES ZHehe Hd b
olojZ FAHo] gtk 7] 29 AxH] FrE=
@4 2 FY FEFEES U] Aulo]oR o]
stal =W FEES AAAE o3 2 =9
© Alzglo|tt ghde, AdET Qe &4 A3t
z9 ANzHL Jrd BEFS BYstes 34 € A
AbEA TE]a Wl Aujolo]l &2 o]FE o] ZHEE
A FHE A= o] EHolth dALFHo=
LED W9 & 2 nES Y] ddixes &
T3 AY Az"e 2R Fx2FHA HAEE T
ZoF gt

ADAMSE 3tE=dold o g AFS AZstr] o
7 e 7IHE ol&std JIAA 2AES A
Bl A FRstn AAlet 22 X Z2AdoA F
st AEH oS FAstT T AR F(virtual
prototype)= /N3t a4 ZZaolth. JPY Al
AFE T3l AlEHA Foz2n 7AH 2459
AR FEAS AFEANA TSt Al 2~
o] HA dolHE FHste ML ol TS
T Ude A" 23 EAHES Haseta
AA D ARAE G5 7 U E=3E T Al
AFEANA AA dolHES HastA WAE

ol AzHlel Hse war HiEY F U
11121

Table 1 Material properties of feeder

Properties of Aluminum
Densiey | Young's | Poisson | TG | LI
strength strength
2770kgm® | 71GPa 0.33 280MPa | 310MPa
Properties of Structural Steel
Densi Young’s | Poisson’ Ten sile ansile
| mode | s | | dimae
7850kg/m® | 200GPa 0.3 250MPa | 460MPa

B dAFelA= LED 8% =13 st= A-Est

zY Az"oA T 5T skl AAE
A Alzgls wiARIe] T2 s v 24
< B4 =3, 7HE &5 7IHe &Sty
olF A=l FEF TF 34 e AlEHIA
Fo=H 7t vyt WA o]FHe FF ATe
ZiAgketa A} e Stk

< =
< 3
%

E
&
3

2. Do =354

2.1 mOo] x4 =2

AAE Ay A="S 7} BESo] Hrd AFo
2 IFIEE mAR Al2Ee AAIRI. o] Alx
go A 3 Alx®le 3d JU(panel feeder)o} 3+
A3 7w 9t (diffusion cover feeder)Z ©] Fo] 4]
T}k WA X (magazine) Al2EL FLEZ XA 3d
7 ko] AAkEo] Qi HY Al&Hle] AbFo

(a) Automatic LED panel feeder

(b) Cartridge of magazine
Fig. 1 Structure of LED panel feeder
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(a) Automatic diffusion cover feeder

(b) Cartridge of magazine
Fig. 2 Structure of diffusion cover feeder

2 FF3th Fig1# Fig 20 ZF 9] Fx9} ujA
7 Al 2=glo A 8] 7hEZ A F25 YERNSIT

Zk "o 7lEA s M 5 keg?l LED I
6071t 7N 7 kgl EAbE AW 15707 HAEHE
2, 3% 21L& 7tEEA Y AA #AHE AR
FAE 7Y BXFoz gty AEgolAe

(a) LED panel feeder

(b) Diffusion cover feeder
Fig. 3 Force condition of structural analysis

st 2+ Ad el 8% 24 Fig 30 YeR)
A 7 rle] mee) Ade dRuy FEow
Agegon A FEe A pEpo 714
Aot FEaA0 oled Hde AR BAAE
Table 19 LFER 21T,

22 fd ¥ A ] EOe| xESY
A% LED #d Iu Alx®edA AlF sk
300 kg(@d 607} FA D)= AHEste] T34
ANEYo)lAe 53, Fig 40 VebA uls} 2
o] #id I A=Hle H FHIZFS 047351
mme| 3L WA ZHPoA AFTE Fig. 59 o
ERbd niel o] mid Iy Azl Ho §¥HE
157.44 MPa©|al 7FE&] Ao A AH LED HdL &
o &= AR EHES BX1 e mAR
o BoA BAHES & = Aot Fig 69 A T
o Alzgle] HA PHASTE UYERSH, Ha
SHAA = 158792 AlzHle] AUl $3o] LAY}
= WA B AAR ZoA TASAT AY
A AAF 152 Fe UHEFS & 5 Atk Al
g 315 300 keoll Wik AA5 LED 3d I Al
"ol Fzaj4 Az Table 20 Aste] ek
Sibei=2

AZE b AW FAHollA AlE 8% 105 kg
AW 157] FA S HEste] AEHo|AS F
A3FA . Fig 79 UERA nRe} Zo] AW Irj9
Ao FHIF S 0.078482 mmo|L AW ZH ] EJ
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Al EAgT) Figo 8ol UERA vie) o] Ho § Table 2 Analysis results of automatic LED panel
< 20877 MPaZ 7H| FHO|EE WAL Ue & feeder

Ho|E9l &gto|=oA AR Fig 9o YERA

Hhe} zro] Hz QHAAGE 134122 Hu) <o) Test force Total Equivalent Safety

© .
HYss Zgo)Ee] LglolZ UGS o & deformation stress factor

i= =
AoH, A W AAF 1525 Fw8] WA 2940 N
7tk Al 3= 105 keoll i3 AARE shakwk A (300 kg) 0.47351 mm | 157.44 MPa 1.5879

e Fzs4 AE Table 39 HelstAoh

B: Static Structural

Deformation
Type: Total Deformation
Unit: mm

Time: 1

Total Deformation
Type: Total Deformation
Unit mm

Time: 1

0.13267 Max

047351 Max 611793

04209
036829
031568
026306
021085
015784
010523
0052613
0 Min

Fig. 4 Total deformation of automatic LED panel Fig. 7 Total deformation of automatic diffusion
feeder cover feeder

B: Stati Structural

Equival
Type: Equivalent (von-Mises) Stress
unit MPa
Time: 1

20.877 Max
18557
16238
139018

23197

Fig. 5 Equivalent stress of automatic LED panel Fig. 8 Equivalent stress of automatic diffusion cover
feeder feeder

Safety Factor
Type: Safety Factor
Time: 1

15 Max

10

5

15879 Min
[

Fig. 6 Safety factor of automatic LED panel feeder Fig. 9 Safety factor of automatic diffusion cover feeder
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Table 3 Analysis results of automatic diffusion cover

feeder
Test force Total Equivalent | Safety
deformation stress factor
1029 N
078482 20.877 MP 13.412
(105 kg) 0.078482 mm | 20.877 MPa 3

2.3 LED g I ofAHZ AJAHel X|

xlg =7} Fig. 11 Position for equivalent stress of model B
LED 344 607lol aidst= AP 3k5 300 kgol
ated wd wg A ~Hlo] 2R3 kAL B Table 4 Analysis results of comparison for LED
371 9l g wAQ A" AXHE sAel feeder model

A
6NE dASt] Hof §8 2 S| ¥ J8u Test | Equivalent | Safety | Panel
HAAIFES Y. Fig. 109 XXA 571 force stress factor | number
A 2®] model AS} A AH 6700 model B F+ZE Model | 2,450 N
Fig. 100 72} e, ebade wasts] A (250 ke) 131.2MPa | 1.9055 | S50 EA
2t Aosslel st A e FEAS 12 T
= nE3= AY e RIS B =23} B - (500 ke) 125.1 MPa | 1.9985 | 100 EA

Atk Fig. 119] YeRA ubke} Zo] wiAzl Zg o]
ES] BolA dAstd Aol §3 AL wiAZIY
z Y o2 o|F )l Table 491 LED '@ ¥
o] md AlEFold vu B4 AFRS Jehfdoh
model_A9] AlE#H A AR Fig. 59 Table 29
Uebd Aol wiws] & oo, AAHS FIig
model B7} model ART} 28] AHXo| 3lFo|= ¢k
TE & F Utk W AH wAR AlzHed A
AHE F7r8bA A 100719 LED @712 &A)
g 5 s & F Utk

2.4 T o D249 &4

LED &% =% #A-&3 =Y Al2=FA LED =
HEES A&Hozm zYshy| YA zZ+ Fue
7R As} wiAe 247k LED 9 607hsk S
o AW 15717} SAE0] Qe w) AxEl] Wz
ol o AEdelde FYsAt AF sl
HEE R 0 2 JleA|e ABbo A Ul o] 2S Esle]

(b) model B 7 gre] 924He BT 74 Ag Eks
Fig. 10 Model structure for fixed support 3 Ao J2FHE Fig 12 YERATH
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(b) Diffusion cover feeder
Fig. 12 Fatigue life of automatic feeder

LED #d It= AAH wiAZ A=A
H4 F25Ho] WA 4k AW I A
w7t gAlEo] e EdolES JIEHA I
Setol=o] EdofA sttt Fig 120 JERA
vie} o] 7} Fuyel HA FEZHHS 1,000,000
cycleZ €uF A1) 324 1,000,000 cycles Tt

=9 ¢ 4 U
3. oo AAEe| JHAAIAZ

LED &% =% #A-53t =Y Al=we] =3 &4
< LED 2 ¥4, L& 237 =, &6,
Frbd 78 99 oz APHn oqr)dA= A
s LED 3d v|Ee} gibd 7 drje] ofF
8% AR F5 S k] 7HE &St 7]
e o83 AEHIES FREAT 2 Il

ojFF Bl AN o]FHe FH AeTE T AL

o wgl AlEYe)AS FASIALE Z o]FHE B
Holl 22377 dZ4Ho] o]sdt. Z} i} v

AR AzelN AY FHe FEIE AR E
oJHe) B EAYN W, £E, HEEE

Eirs

3.1 LED H'd mOjeo| JHAAIMZ
Z2s LED g ZgoA o|$REe A I
A& Fig 13°] YR Fig 13914 AE miAR
oA LED ¥ Wol &&= ¥4, BE ¥
2 &glo]l= 1 oA FHo] LED HdS 7] 4
3 3tZ 2olE FAHolth e W EEol=
lTellA LED #dg & WFzo| 92 o553ty
o] AR o|FshE 8otk DE Ire| A1
EEhol=2 Aol vido] kFtE F UEE A1
7t W32 Aol FHolth
22 LED g FeAe 205% B & &
Ao o]FoAEE HASATE mWAR FHolET}
FIEE Ao &A1E LED #W¥dS Wo] &8]3, LED
e thristn e FFHe o3 o] &
o A WA 9de Fue] NOE ol F
o] A7 sste] dde ckET A WA
o] ktEH I A1x F HA HdS 9
A

< RHESTE F ORA #d7kA Ige] a2 o
8 = #Hd Iy & FAFo| U4rHT AAF
LED #d IuY FA ARE &<t olFF AU
A AZEE(tack time table)E Table 501 YERRATH

Cp(Vacuum slideII)

—
————
= 1

-

D, Uig slide)

} l Ap
(Magazine plate slide)

/s
_

Fig. 13 Conveying unit of automatic LED panel
feeder
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Table 5 Tack time table for conveying unit during
duration time of LED panel feeder

Pime. | M| B G | D
0~2.0s Up
2.5~4.0s Up
3.0~3.5s Up
4.0~6.0s Right
6.0~7.0s Down
7.5~8.5s Up
8.5~10.5s Left
9.0~10.5s Front
10.5~11.5s Down
12.0~13.0s Up
12.0~14.5s | Down
13.0~15.0s Right
15.0~16.0s Down
16.5~17.5s Up
17.5~19.5s Left
19.5~20.5s Down

o] A FAH A P FE 7IHE ol &
sto] st AlEYoldS FAIAUTE ©] AEH
oldg B3t #d I AU HAZ AF
B g 7 FAHo] & AFHEA FIFeE
Tdste] FRlsidnt. 3ol AlZE7] A LED
g ygel x7] AElE Fig 149 Yepjlen,
Fig. 159 A< vl LED 34 Fule] AeHE
B AT FA Aol A LASHE Albel] mE o]
$RE0 WY TS Fig 169 YeERITE 7
oMol WML Azt wet & ZAEdgs & F
Aok 2 T 22 Aol mE Z7he) o)FH
o] £5& Fig. 1791 YERAATE o] dlo]E| 25 E

93 3
£ 2ART g Jdok 4 75 BHO| £55 AT
24 g 79 A9 A Flold AlRNtotal duration
time)= AAIE 4 Atk LED W'd I 9] 7P AlAE
S oA dd Hd FANA Jeje] Azt

=
gk 34 AEE Bolsd =28 5 Utk

Fig. 14 Process initial state of automatic LED panel
feeder

Fig. 15 Process finish state of automatic LED panel
feeder
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Wl e A el
5.0
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Fig. 16 Displacement for conveying unit of LED
panel feeder
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E 400.0
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2
‘S 200.0
Lo
2 1000
0.0
0.0 5.0 10.0 15.0 20.0 25.0

Time (sec)
(d) Jig slide
Fig. 17 Velocity for conveying unit of LED panel
feeder
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Fig. 18 Conveying unit of automatic diffusion cover
feeder

Fig. 19 Process initial state of automatic diffusion
cover feeder
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Fig. 20 Process finish state of automatic diffusion
cover feeder

Table 6 Tack time table for conveying unit during
duration time of diffusion cover feeder

Pime. | 4. | B. | G | D. | E
0~1.5s Up
1.5~2.5s Up
2.5~5.0s Push
5.0~7.5s Up
5.5~8.0s Back
7.5~9.0s Down
9.5~11.0s Up
11.0~15.0s Front
15.0~16.5s Down
17.0~18.5s Up
18.5~22.5s Back

Fejor A gelol g 4636}914. o] Agol
o 3 e §Hede AR AFH
7 2ol & AgHeA sggo 7}
AFste gelaigth. B0l A%Hs) A S
Abele Fig. 199] Uehjl o],

Fig. 20 ¥48& €53 & g7 AW IAg s

2000

— Pusher plate slide
Cover pusher
1500 — Cover plate slide

'E - Vacuum slide I
E - Vacuum slidell
< 1000
o \
c \
ko pl

500 / !

0.0 = / . = f:' = e e

0.0 5.0 10.0 15.0 20.0 25.0

Time (sec)
Fig. 21 Displacement for conveying unit of diffusion
cover feeder
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Fig. 22 Velocity for conveying unit of diffusion

cover feeder
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