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ABSTRACT

Analysis of Structural and Dynamic Characteristics of Feeder for

Automatic Assembly System of LED Convergency Lighting Module

Choo, Se Woong

Advisor : Prof. Jeong, Sang-Hwa, Ph.D.

Department of Mechanical Engineering,

Graduate School of Chosun University

In the current lighting market, LEDs that have a high luminous efficiency and a long

life and consumes less power have emerged as next generation lighting. Owing to

various designs and sizes of LEDs, the production process of existing LEDs requires

manual labor. Because the production process of LEDs involves many tasks that require

manual labor, the assembly of LEDs necessitates manpower. Owing to 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 the LED panel. The automatic assembly system

produces the LED convergency Lighting by assembling two LED panels and one

diffusion cover. In order to increase the production efficiency of convergent LED

lighting module, the development of a feeder that can continuously supply the LED
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panels required whose design has sufficient stability is important. The automatic

assembly system of convergent LED lighting module consists of two feeders, which

convey LED panels and diffusion covers to a main conveyor, and it which assembles

the lifted panels and covers.

In this study, structural analysis and fatigue life for forced loads on conveyer line of

feeder in process lifting LED Panel and Diffusion Cover of each feeder were analyzed.

In addition, the driving behavior of the belt consisted of the conveyor line of each

feeder was simulated, and the dynamic characteristics of the belt is analyzed using the

virtual engineering method.
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Fig. 1-1 Conveyor belt of manual operation LED production system



Fig. 1-2 Semi Automatic LED production system





Fig. 1-3 Flow chart for research in this thesis



1 LED

Fig. 2-1 Automated assembly system of LED convergency lighting



Fig. 2-2 Process flow of automated assembly system
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Fig. 2-3 Structure of semi-automated LED panel feeder

Fig. 2-4 Structure of semi-automated diffusion cover feeder



Fig. 2-5 Force condition of semi-automated LED panel feeder



Fig. 2-6 Force condition of semi-automated diffusion cover feeder

Table 2-1 Material properties of semi-automated feeder

Properties of Aluminum

Density
Young’s

module

Poisson’s

ratio

Tensile

yield

strength

Tensile

ultimate

strength

2770kg/ 71GPa 0.33 280MPa 310MPa

Properties of Structural Steel

Density
Young’s

module

Poisson’s

ratio

Tensile

yield

strength

Tensile

ultimate

strength

7850kg/ 200GPa 0.3 250MPa 460MPa



Fig. 2-7 Total deformation of semi-automated LED panel feeder



Fig. 2-8 Equivalent stress of semi-automated LED panel feeder

Fig. 2-9 Safety factor of semi-automated LED panel feeder

Table 2-2 Analysis results of semi-automated LED panel feeder

Test force
Total

deformation
Equivalent stress Safety factor

294 N (30 kg) 0.01299 mm 2.4379 MPa 15



Fig. 2-10 Total deformation of semi-automated diffusion cover feeder

Fig. 2-11 Equivalent stress of semi-automated diffusion cover feeder



Fig. 2-12 Safety factor of semi-automated diffusion cover feeder

Table 2-3 Analysis results of semi-automated diffusion cover feeder

Test force Total deformation Equivalent stress Safety factor

205.8 N (21 kg) 0.073755 mm 7.0274 MPa 15



Fig. 2-13 Goodman fatigue model



Fig. 2-14 Fatigue life of existing LED panel feeder

Fig. 2-15 Fatigue life of existing diffusion cover feeder



Fig. 2-16 Total deformation for limit load of semi-automated LED panel feeder



Fig. 2-17 Equivalent stress for limit load of semi-automated LED panel feeder

Fig. 2-18 Safety factor for limit load of semi-automated LED panel feeder

Table 2-4 Analysis results for limit load of semi-automated LED panel feeder

Test force Total deformation Equivalent stress Safety factor

17,640 N (1,800 kg) 0.77934 mm 146.27 MPa 1.7091



Fig. 2-19 Total deformation for limit load of semi-automated diffusion cover feeder

Fig. 2-20 Equivalent stress for limit load of semi-automated diffusion cover feeder



Fig. 2-21 Equivalent stress for limit load of semi-automated diffusion cover feeder

Table 2-5 Analysis results for limit load of semi-automated diffusion cover feeder

Test force Total deformation Equivalent stress Safety factor

4,508 N (460 kg) 1.6156 mm 153.93 MPa 1.6241
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Fig. 2-22 Virtual prototype of semi-automated LED panel feeder



Fig. 2-23 Virtual prototype of semi-automated diffusion cover feeder

Fig. 2-24 Process of ADAMS modeling





Fig. 2-25 Belt tension of semi-automated LED panel feeder



Fig. 2-26 Actuator torque of semi-automated LED panel feeder

Fig. 2-27 Angular acceleration and velocity of driving pulley

for semi-automated LED panel feeder





Fig. 2-28 Belt tension of semi-automated diffusion cover feeder

Fig. 2-29 Actuator torque of semi-automated diffusion cover feeder

Fig. 2-30 Angular acceleration and velocity of driving pulley

for semi-automated diffusion cover feeder
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Fig. 3-1 Structure of automated LED panel feeder

Fig. 3-2 Magazine of automated LED panel feeder



Fig. 3-3 Structure of automated diffusion cover feeder

Fig. 3-4 Magazine cartridge of automated diffusion cover feeder



Fig. 3-5 Force condition of automated LED panel feeder



Fig. 3-6 Force condition of automated diffusion cover feeder

Table 3-1 Material properties of automated feeder

Properties of Aluminum

Density
Young’s

module

Poisson’s

ratio

Tensile

yield

strength

Tensile

ultimate

strength

2770kg/ 71GPa 0.33 280MPa 310MPa

Properties of Structural Steel

Density
Young’s

module

Poisson’s

ratio

Tensile

yield

strength

Tensile

ultimate

strength

7850kg/ 200GPa 0.3 250MPa 460MPa
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Fig. 3-7 Total deformation of automated LED panel feeder



Fig. 3-8 Equivalent stress of automated LED panel feeder

Fig. 3-9 Safety factor of automated LED panel feeder

Table 3-2 Analysis results of automated LED panel feeder

Test force Total deformation Equivalent stress Safety factor

2940 N (300 kg) 0.47351 mm 157.44 MPa 1.5879



Fig. 3-10 Total deformation of automated diffusion cover feeder



Fig. 3-11 Equivalent stress of automated diffusion cover feeder

Fig. 3-12 Safety factor of automated diffusion cover feeder

Table 3-3 Analysis results of automated diffusion cover feeder

Test force Total deformation Equivalent stress Safety factor

1029 N (105 kg) 0.078482 mm 20.877 MPa 13.412



Fig. 3-13 Fatigue life of automated LED panel feeder

Fig. 3-14 Fatigue life of automated diffusion cover feeder



Fig. 3-15 Structure of model_A

Fig. 3-16 Structure of model_B



Fig. 3-17 Total deformation of model_A



Fig. 3-18 Equivalent stress of model_A

Fig. 3-19 Safety factor of model_A

Fig. 3-20 Total deformation of model_B



Fig. 3-21 Equivalent stress of model_B

Fig. 3-22 Safety factor of model_B

Table 3-4 Analysis results of comparison for feeder model

Test force
Total

deformation

Equivalent

stress

Safety

factor

Panel

number

model_A

(5EA)

2,450 N

(250 kg)
0.3946 mm 131.2 MPa 1.9055 50 EA

model_B

(6EA)

4,900 N

(500 kg)
0.69193 mm 125.1 MPa 1.9985 100 EA
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Fig. 3-23 Process of automated LED panel feeder



Fig. 3-24 Magazine plate



(a) Displacement of magazine plate

(b) Velocity of magazine plate

(c) Acceleration of magazine plate

Fig. 3-25 Dynamic characteristics of magazine plate



Fig. 3-26 Vacuum slide1

(a) Displacement of vacuum slide1



(b) Velocity of vacuum slide1

(c) Acceleration of vacuum slide1

Fig. 3-27 Dynamic characteristics of vacuum slide1



Fig. 3-28 Vacuum slide2

(a) Displacement of vacuum slide2



(b) Velocity of vacuum slide2

(c) Acceleration of vacuum slide2

Fig. 3-29 Dynamic characteristics of vacuum slide2



Fig. 3-30 Jig slide

(a) Displacement of jig slide



(b) Velocity of jig slide

(c) Acceleration of jig slide

Fig. 3-31 Dynamic characteristics of jig slide



Fig. 3-32 Displacement for conveying unit of LED panel feeder

during process time



Fig. 3-33 Process of automated diffusion cover feeder



Fig. 3-34 Pusher plate slide

(a) Displacement of pusher plate slide



(b) Velocity of pusher plate slide

(c) Acceleration of pusher plate slide

Fig. 3-35 Dynamic characteristics of pusher plate slide



Fig. 3-36 Cover plate slide

(a) Displacement of cover plate slide



(b) Velocity of cover plate slide

(c) Acceleration of cover plate slide

Fig. 3-37 Dynamic characteristics of cover plate slide



Fig. 3-38 Cover pusher

(a) Displacement of cover pusher



(b) Velocity of cover pusher

(c) Acceleration of cover pusher

Fig. 3-39 Dynamic characteristics of cover pusher



Fig. 3-40 Vacuum slide1

(a) Displacement of vacuum slide1



(b) Velocity of vacuum slide1

(c) Acceleration of vacuum slide1

Fig. 3-41 Dynamic characteristics of vacuum slide1



Fig. 3-42 Vacuum slide2

(a) Displacement of vacuum slide2



(b) Velocity of vacuum slide2

(c) Acceleration of vacuum slide2

Fig. 3-43 Dynamic characteristics of vacuum slide2



Fig. 3-44 Displacement for conveying unit of diffusion cover feeder

during process time
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