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Abstract 
 
Recently, the size of raw glass has been greatly increased in the new generation Liquid Crystal Display (LCD) tech-

nology. To handle bigger and heavier glasses, it is necessary to develop a large scale LTR (LCD Transfer Robot) to 
support various complicated LCD fabrication processes. This adjustment will result in difficult design problems such as 
vibration, handling accuracy deterioration, and high stress due to heavier dynamic loads. In turn, these will result in 
inaccurate transfer motion and fatigue cracks. 

In this paper, the dynamic simulation technique is introduced to validate a baseline design and to propose new and 
improved designs for the best performance of heavy-scaled LCD transfer robots. The dynamic models and analysis 
results were verified by real experiments including strain measure test and motor power test. Using the verified simula-
tion model, some dynamic situations such as the robot’s emergency stop and free fall situation, which were not impos-
sible to test using the real proto robot, were analyzed and predicted using the simulation model. 
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1. Introduction 

Recently, due to the rapid developments in LCD 
displays, production cost has been reduced, allowing 
for the increase in screen size. With the increase in 
the size of LCD panels, the weight handled by the 
LCD Transfer Robots has increased and has caused 
problems. These include problems in handling accu-
racy and fatigue failure in components. These prob-
lems, which are encountered during manufacture, are 
the main reasons for huge expenditure costs.  

If computer aided engineering technology is used 
during the development of robots to analyze the prob-
lems that will arise in the future, problems can be 
overcome which will reduce the cost and increase 

product performance and reliability.  
In this study, we used flexible multi-body dynamics 

to analyze the mechanical properties of the 8th Gen-
eration (8G) LCD Glass transportation robots. The 
flexibility in each link, the reducer used in joints, and 
the compliance of bearings were taken into account to 
conduct a reliable analysis. Through the simulation of 
analytical study, we predicted dynamic stress distribu-
tion, vibration/handling accuracy, and emergency-
stop forces, which are important factors in preventing 
component failure. The simulation methods used in 
this study were expected to make controller optimiza-
tion and fatigue life prediction economical and effec-
tive in the future. 
 

2. Introduction of the 8G Link-type LTR 

Fig. 1 shows a Link-type LTR used in the transfer 
of the 8th-Generation LCD Glass (2160mm×2460  
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Fig. 1. Heavy-scaled 8G Link-type LTR 
 
mm×0.7mm). 

The LTR usually has a cylindrical workspace due 
to its transportation characteristics. To transport two 
sheets of glass simultaneously, the upper and lower 
arms are used. Motor3 rotates the Arm-base and Mo-
tor4 drives the upper arm in a linear motion.  

In the special case of a link-type LTR, a spring bal-
ance is fitted between Link1 and Link2 to compensate 
for Motor2 power, which is responsible for Z-axis 
movement. For the precision control of handling the 
glasses, the static deformation at the tip of the finger 
must be less than 10 mm. Since the joints which con-
nect the arms and links include bearings and reducers, 
joint compliance must be considered to predict the 
static deformation at the tip. Flexibilities of the arm 
itself are also important to both static and dynamic 
deformation, because the arm is a kind of cantilever 
type structure with a large lumped mass at the tip. 
Due to the repetitive motion of robot, the concentra-
tion of stress at a certain point is the main cause of 
fatigue crack of parts.  

In this paper, these complex mechanical properties 
were analyzed and improved using flexible multi-
body dynamic analysis technology. In other words, all 
of the components that make up the robot’s link, arm, 
and hand were modeled into an elastic-body using 
modal coordinates. Each joint was modeled by stress 
components instead of mechanical constraint to take 
into account its characteristics in compliances. 

 
2.1 Modeling of the flexible parts 

The major components such as arms and link 
frames are made of cast iron or cast aluminium. These 
structural components can be assumed to be linear 
elastic during normal operation. However, a small  

Table 1. Component modes for the 8G link-type LTR. 
 

Part Name Component modes 
(static + normal)  1st Vibration Mode

Link1_R 24 283.5 Hz 

Link1_L 24 240.8 Hz 

Link2 42 234.7 Hz 

Arm-Base 36 365.2 Hz 

Arm1 18 378.7 Hz 

Arm2 18 295.4 Hz 

Sub-link1 18 72.2 Hz 

Sub-link2 18 72.2 Hz 

Lower-Bracket 36 117.5 Hz 

Upper-Bracket 36 49.5 Hz 

Finger 12 38.6 Hz 

Link-type LTR’s elastic multi-body dynamics model is com-
posed of 22 flexible bodies and 25 rigid bodies which gives it 
495 degrees of freedom. 

 
elastic deformation may cause vibration and repeated 
dynamic stresses resulting in inaccurate transfer mo-
tion and fatigue cracks. Therefore, it is necessary to 
establish a methodology for predicting the deforma-
tion, vibration, and dynamic stress time histories us-
ing the virtual computer simulation model.  

The component mode synthesis technique [1-3] can 
be used for efficient computer simulation in a large 
rigid body gross motion with small elastic deforma-
tion. Since the component mode synthesis method 
employs modal coordinates to consider the elastic 
deformation of the flexible bodies, it is possible to 
more effectively execute the large multi-body dy-
namic system analysis using the small number of 
well-selected modes. Table 1 shows the number of 
component modes and its first vibration modes that 
were used for flexible multi-body dynamics. 

 
2.2 Modeling of arm mechanism 

For parallel rectilinear motion of the finger and 
bracket, a timing belt at each arm system is modeled 
to drive at a constant speed ratio. As shown in Fig. 2, 
to represent the elasticity and damping of the belt, 
spring and damping forces are approximated to be 
proportional to the displacement and velocity of the 
belt length change. Also, the structure of the reducer 
connecting the arms was designed to transfer the mo-
tor-torque efficiently. In addition, the reducers are 
modeled using dynamic force elements. In other 
words, the joint compliances for reducers are modeled  
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Fig. 2. Dynamic modeling of arm system. 
 

 
 
Fig. 3. Simulation of link-type LTR. 
 
in a similar way with spring and damper elements. 
 

3. Dynamic analysis and experiment 

Fig. 3 shows the robot simulation during the trans-
fer of the LCD Glass. 

In Fig. 4, the magnitude of torque working on Mo-
tor3 was compared between the prototype test and 
simulation. The result shows that they are very con-
sistent with each other.  

To predict the mechanical fatigue of elastic parts, 
the dynamic stress was calculated from the flexible 
multi-body analysis. To validate the accuracy of the 
stress analysis result, the actual prototype test was 
executed using the rectangular rosette gauge. In the 
experiment, strain gauges were attached where stress 

 
 
Fig. 4. Torque measure and analysis result of Motor3. 

 

 
 
Fig. 5. Stress measure experiment. 

 

 
 
Fig. 6. Dynamic stress time history on Zlink2. 

 
was predicted to be greatest during simulation. In Fig. 
5, Zlink2 is shown with the strain gauge attached at 
predicted stress points. 

In Fig. 6, the predicted stress levels from simula-
tion and actual stress levels in prototype are shown. 
 

4. Design study using dynamic simulation 

The verified simulation model can be used to esti-
mate and improve the design result of the LTR.  

Fig. 7 shows the vertical deflection at the finger-
end during the linear motion of the upper finger. This 
information is very important in the compensation of 
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Fig. 7. Estimation of vertical transfer accuracy. 

 

 
 
Fig. 8. Simulation model for free falling. 

 

 
 
Fig. 9. Free falling simulation. 
 
the vertical transfer accuracy of the LCD glass. In 
other words, the vertical deflection of less than 10 
mm can be achieved by more studies using simulation 
result and optimum design [4]. 

The verified simulation model can be efficiently 
utilized for predicting a robot’s dynamic characteris-
tics during a collision, emergency stop, or free fall. 
These types of predictions are especially necessary 
for the robot’s safety and reliability. In this study, the 
robot’s behavior was analyzed during the simulated 
vertical (Z-axis) free fall. In reality, a robot weighing 

over 2 tons would be seriously damaged in such a 
circumstance. 

Fig. 8 illustrates the collision area when the robot 
free falls. The collision area of the robot is covered 
with a urethane-block, as in the prototype. The colli-
sion of simulation model’s Link1 and urethane-block 
was modeled using solid-solid contact properties. 
Freefall simulation is shown in Fig. 9. The highest 
stress level was at Link1-R and the value was next to 
the yield stress of the aluminum casting material. This 
means serious damage when in actual conditions. 
 
5. Conclusion 

A simulation model was created for the heavy-
scaled robot’s dynamic analysis and design improve-
ment. Using this simulation model, the robot’s dy-
namic stress related to the component’s fatigue life 
was predicted and this data was verified via real test-
ing with a prototype. Furthermore, using the verified 
simulation model, we predicted the vertical deflection 
related to transfer accuracy and the effect on the robot 
during erratic circumstances that would create a free 
fall situation.  

This study will be continued towards optimization 
of the robot’s controller and finding the methods that 
can predict the component’s fatigue life in economi-
cal and effective ways. 
 

References 

[1] A. A. Shabana, Dynamics of Multibody Systems 2nd 
Edition, Cambridge University Press, (1998). 

[2] S. S. Kim and E. J. Haug, Selection of Deformation 
Modes for Flexible Multibody Dynamics. Mechan-
ics of Structures and machines. 18 (4) (1990) 565-
586. 

[3] J. H. Ryu, H. Kim, H. J. Yim, An Efficient and 
Accurate Dynamic Stress Computation by Flexible 
Multibody Dynamic System Simulation and Re-
analysis, Journal of Mechanical Science and Tech-
nology, 11 (4) (1997) 386-396. 

[4] J.-C. Hwang, J.-H. Seo and Y.-W. Choi, Error 
Compensation of a Large Scale LCD Glass Transfer 
Robot, Proceedings of International Federation of 
Automatic Control, No.TuC18.5, July 6-11, Seoul, 
Korea, 2008. 



 J.-H. Seo et al. / Journal of Mechanical Science and Technology 23 (2009) 1035~1039 1039 
 

Jong-Hwi Seo  received a B.S. 
M.S. and Ph.D. degrees from 
Ajou University in 1998, 2000 
and 2005, respectively. He is 
currently a senior engineer in 
Mechatronics and Manufac-
turing Technology Center of 
Samsung Electronics Co. His 

research interests are in the area of multibody dynam-
ics, robotics and mechanism design. 
 

Jae Chul Hwang received a 
B.S., M.S., and Ph.D. degrees in 
mechanical engineering from 
Seoul National University, 
Korea, in 1996, 1998, and 2002, 
respectively. He is currently a 
senior engineer in Mechatronics 
and Manufacturing Technology 

Center of Samsung Electronics Co., Ltd. His research 
interests are in the area of kinematics and dynamics of 
serial and parallel kinematic robot. 
 

Yong-Won Choi received a 
M.S degree in Mechanical 
Engineering from Korea Uni-
versity in 1993. He has worked 
for Samsung Electronics, Ltd 
from 1993 and is currently a 
principle engineer at Robot 
Mechanism Part in Mecha-

tronics and Manufacturing Technology Center of 
Samsung Electronics Co. He is interest in the area of 
robotics, control and mechanism design.  

Hong Jae Yim received B.S. 
and M.S degrees in mechanical 
engineering from Seoul Na-
tional University, Korea, in 
1979, and 1983, respectively. 
He received Ph.D degree from 
Univ. of Iowa, USA. He is 
currently a professor in School 

of Mechanical & Automotive Engineering, Kookmin 
University. His research interests are in the area of 
computer aided kinematics and dynamics of me-
chanical systems. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


