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Structural and Dynamic Characteristic Analysis of a Feeder for an
Automatic Assembly System of an LED Convergent Lighting
Module
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ABSTRACT

In the current lighting market, LEDs that have a high luminous efficiency, a long life and consume less
power have emerged as next generation lighting. Owing to various designs and sizes of LEDs, the production
process of existing LEDs involves many tasks that require manual labor; hence, the assembly of LEDs
necessitates manpower. Because of the use of manpower, the production costs of LEDs increases and
production efficiency decreases. Recently, the assembly parts of LEDs have been standardized for minimizing
manual labor, and an LED is developed as an LED panel. The automatic assembly system produces LED
convergent lighting by assembling two LED panels and one diffusion cover. To increase the production
efficiency of the LED convergent lighting module, it is important that the development of a feeder can
continuously supply the LED panels is required, and whose design has sufficient stability. The automatic
assembly system of the LED convergent lighting module consists of two feeders, which convey LED panels
and diffusion covers to a main conveyor, which assembles the lifted panels and covers. In this study,
structural analysis and fatigue life for forced loads on the conveyer line of the feeder in the process of
lifting LED panels and diffusion covers of each feeder, is analyzed. In addition, the drive of the belt
constituting the conveyor line of each feeder is simulated, and the dynamic characteristics of the belt is
analyzed using the virtual engineering method.

Key Words : Stability Analysis(2FSA &41), Structural Analysis(7*Z=34]), Dynamic Characteristic Analysis

(854 &4), Automatic Assembly System(At&S= =2 A|AE!) LED Convergency Lighting
(LED 8% =9), Panel Feeder(Zl'd L), Diffusion Cover Feeder(ZHAHEH F{B] I|H)
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Table 1 Material properties of LED panel feeder

Properties of Aluminum
Young’s | Poisson’s Tensile Tensile
Density . yield ultimate
module ratio strength strength
2770kg/m? 71GPa 0.33 280MPa 310MPa
Properties of Structural Steel
> . s Tensile Tensile
Density You(ilgi 5 Pmsipn s yield ultimate
module ratio strength strength
7850kg/m’ | 200GPa 0.3 250MPa | 460MPa
ol

2.1 LED Panel Feeder2| TZ=35il4]
D24y 24
LED 34 ﬂtﬂoﬂﬂ zZE e AFe dFujE T
o2 Ho| i v RES IRl F2Ao R
TAE Atk FE3 A o] 8H A AE =
42]= Table 19 YERAATE
ZY ZA 3 Alo]E o LED #d Iuld] ©AlE
= 7F 9 de] FAE 5 kgolal olEEeldl & 674
9] 3jdo] &FLHOE 30 kg FIFS Y Hxd}
o7 7H4syth. LED 3d Jue &% =A
Fig. 39 Yelflem, o] 3t 274 A&
g YA
Fig. 40 Yephd wie} o] sid mrje] Ho =
HYTFL 0.012989 mmo|™, o]FeE A A3}=
A Zy e FYolA LAEA T Fig. 5ol YE
Woukel o) Hol 57 $8-& 24379 MPaol,
zZg Qo] W& o]FERl FIhollA AT
Fig. 691 UeRd ule} o] Ha HAGFE 159]
o, o] F B AdHAF 15~2% ZE8| TEA
219, LED #'d JH= LED & < 5
Zol LA 30 keoll diste] S8 AHHE 2
=t A 3 30 kgol the LED #id I e
34 A= Table 20 )3t YERA AT

ll‘

2 rlo ofn

Fig. 3 Force condition of LED panel feeder

{ 00028864
00014432
0 Min

Fig. 4 Total deformation of LED panel feeder

] 0sa17s
027008
O Min

Fig. 5 Equivalent stress of LED panel feeder

Fig. 6 Safety factor of LED panel feeder
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o wm
025978
017319
0.086593
0 Min

Fig. 7 Total deformation for limit load of LED

panel feeder

Table 2 Analysis results of LED panel feeder

Total Equivalent Safety
Test force deformation stress factor
294 N
(30 ke) 0.01299 mm 2.4379 MPa 15

2 LED W42 FH38] AsiM=
A& 7HACF gt AHrt 7

22 0% oL A=A sge MY 5 leA @

AstsE Agdoldstilth

gAsHs Bl AHEE A8 =A== Table 1

zaFo2 ALIA, AL He KA #&
1528 WEA7IE 9d Fue A stF #FE
A EHo)dste] T8kt

Fig. 7° JeRd nle} Zo] sid Fule] A 3}
ZollA Ho & AFFL 0.7793 mmo|L o]l
& AAS = AT ZHd FANA A SHAT
Fig. 8o uERd uie} o] Aoy Tk $¥€L
14627 MPa=® o]FeRle] FYollA TS
Fig. 99 UeRd wie} Zo] kA 315 1,800 kgol
3 Ha HAASFE 179012, AN HAA S
1.5~29] 3+ 9=A7122 LED 32 ¥ 7} 1,800
kg7HA 9] skl diste] AT o= etk
kA 35 1,800 kgoll ik LED 38 Tt 34
A= Table 30 At HERA AT

Fig. 8 Equivalent stress for limit load of LED panel

feeder

Fig. 9 Safety factor for limit load of LED panel

feeder

Table 3 Analysis results of limitload for LED Panel

Feeder
Total Equivalent Safety
Test force deformation stress factor
17,640 N
(1,800 ke) 0.7793 mm 146.27 MPa 1.7091

LED #d Ftol|A 30 kg 3}a°] HHEZo2 7}3)
A o D25HS AEYolAsIATE T3 a5
wh= Ao 92E Adsh] 93] ZW(Goodman) ©]
5 &3tk J=259 4 AF+= Fig 109 Y
Effi) gr)e] TS AZse TR Ha
2L le6 cycleo]™, Ak Iyt Al Ha
H25H S B3t e HEEY JRAE sk
of thal HHFE & o Slrh
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Fig. 10 Fatigue life analysis of LED panel feeder

Table 4 Material properties of diffusion cover feeder

Properties of Aluminum

> : s Tensile Tensile

Density You(ilgl S Pmsi.on s yield ultimate

module ratio strength strength

2770kg/m? 71GPa 0.33 280MPa 310MPa
Properties of Structural Steel

Youne’s | Poisson’s Tensile Tensile

Density mod gl rati yield ultimate

odule atio strength strength

7850kg/m’ | 200GPa 0.3 250MPa | 460MPa

2.2 Diffusion Cover Feeder®| TZ=5{4] 2!

24y 24

sk An 3olE LED #d Ju¢ 593
TZE o|FojA omn, it AW FrioA =
He Ade dFErE 5o Holdar yHA
RRe gut FxPoz A ok FE& 4
of o]8H Frje] E4X= Table 4 YeERNATH
z9 FA g AelE 7, FUollA ki AW E
HAd) 3747 Se7be sk S AW AL 7
kgo] 22 21 kg 35S ¥ TEIF}TOE JPET
o ol% Rl 3T =U& AAsAT kb A
W 399 3% 24L& Fig 119 Yehjlen, 21
kg 3% ZHoA AlEH IS FHsATh
b A Foje] Hd & WHFL 0.07376 mm
o|™, Fig. 120 WeRd nle}l o] o]Feile] Eehy

Fig. 11 Force condition of diffusion cover feeder

Fig. 12 Total deformation of diffusion cover feeder

Fig. 13 Equivalent stress of diffusion cover feeder

oA TASIATE Hdl S7F 532 7.0274 MPa°©]il,
Fig. 13¢] YeRd nvle} o] o]FEle] ErhiA]
WAL T Fig 140 YERA Ble} o] FH A kA
FE 1509, o] 32 A AHAF 1525 FHEI]

REAZIT LED 9 28-S 2Hshs gl A8

91
e 2otk AY 33 2keol TIE AT Aw 3]
o] 4 A= Table 59 Aelstel Lhehpic,

— 128 —



FAS, 845 - A7 AVLEEE A, A6, AE

Fig. 14 Safety factor of diffusion cover feeder

Table 5 Analysis results of diffusion cover feeder

Total Equivalent Safety
Test force deformation stress factor
205.8 N
21 kg) 0.07376 mm | 7.0274 MPa 15

Gt A&Hoz Fid AWE TFH] $3)
Ae FRASE FET FAEE Ak FEE, T
o7t FRAoE AdY F e SES AlEE
old-E B3ty FIAh
g A e gAEHE B0 AMEE AlS
o] E4A= Table 49 YERIITE 3H5 22 o]
Feiloll wdsA EXFe o= JHEsIEa,
44 Mo AASF #1528 DEA = 4t
#F AW Jrle] stF g AlEdoldste] 313

g AW Fr e A kel digk Hd F |
2o 1.6156 mmo], Fig. 1591 Yehd ule} 7o)
olfEile] EaRAAM TASHT AU 571 §
22 153.93 MPa°|®, Fig. 169 YEhd ule} Zo]
olgeEile] EaoA WASHTE A FHF 460
kgoll tigk H4 kAAISE 1.62412, Fig 179 Y
el vlel Zo] Fr 9] o]FEl] LollA AT
g shzol diste] A HAF 1529 #HE
DnEA7IERE, a4 AW I E 460 kerhA 9
shzoll tiste] MRS Ao = Yebgth A
460 kegoll gk i AW U9 4 A
Table 6 A& 3 Th

W

Ky

Fig. 15 Total deformation of limit load for diffusion

cover feeder

Fig. 16 Equivalent stress of limit load for diffusion

cover feeder

Fig. 17 Safety factor of limit load for diffusion

cover feeder

Table 6 Analysis results of limit load for diffusion

cover feeder

Total Equivalent Safety
Test force deformation stress factor
4,508 N
; . . P: 1.6241
(460 ke) 1.6156 mm 153.93 MPa 6
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Fig. 19 Simplified model of belt conveyor

Fig. 20 Belt conveyor model of LED panel feeder
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Fig. 21 Belt tension of LED panel feeder
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Fig. 22 Actuator torque of LED panel feeder
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Fig. 23 Angular velocity and acceleration of driving

pulley for LED panel feeder
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Fig. 24 Belt conveyor model of diffusion cover feeder
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Fig. 25 Belt tension of diffusion cover feeder
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Fig. 26 Actuator torque of diffusion cover feeder
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