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Optimum micro dimple configuration on the elastomer seal surface

Dae-Won Yoo
Department of Computer Aided Mechanical Design, Changwon Campus of Korea Polytechnic
(Received September 01, 2020 / Revised December 23, 2020 / Accepted December 31, 2020)

Abstract: The seal plays a role in preventing oil leakage when the lip and the rotating shaft come into contact with the 
fluid and air pressure. Recently, micro dimples or micro pockets are processed and used on the lubrication surfaces of 
thrust bearings, mechanical bearings, and piston rings. Compared to a smooth surface, micro dimples reduce friction and 
increase the life of parts. This paper analyzed various kinds of micro dimple shapes on the sealing surface, i.e. circle, 
rectangle, triangle, and trapezoid. For this purpose, Introduced the design of experiments to work out a micro dimple 
configuration, unlikely to be damaged from cracks and low in contact stress. As a result, the triangular dimple showed 
the best results. Optimal factors were dimple size 0.15 mm, dimple depth 0.0383 mm, dimple density 40%, and the 
maximum equivalent stress was 9.1455 MPa, and the maximum contact pressure was 9.6612 MPa. This paper analyzed 
the optimal shape of dimples by finite element analysis. As a research project, experiments and comparative analysis of 
micro dimple shapes are needed.

Key Words: Seal, Micro Dimple, Design of Experiments, Factor, Level
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Description Uniaxial test Biaxial test

Strain (%) 25 50 75 25 50 75

Deformation length
(mm) 5 10 15 6.25 12.5 18.75

Test speed
(mm/min) 10 50

Gauge length
(mm) 20 25

Fig. 4
(Experiment data)

  . 

(True stress)  , (True strain) 
(Nominal stress)  , (Nominal strain)

(1), (2) . 

                         (1)

 

                           (2)
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Mooney-Rivlin MSC curve 
fitting . 

, 
. Mooney-Rivlin 3

. 
Mooney-Rivlin Table 2

curve fitting .

Specimen
(TPU, Hs95)

Strain
(%)

Mooney-Rivlin Constant (MPa)

  

Uniaxial + Biaxial

25 7.6481 -0.5743 -2.2669

50 6.5984 -1.5086 0.0634

75 4.4242 -0.3894 0.1649

, 
. , , , 

. Fig. 5
, 

, 
.

(3) . , 
 ,  , 
 .

 

                                 (3)

 (4)
.

 
                                 (4)

 (5) , 
 .

   ×                            (5) 

, (6) , 
Table 3 .

 


×



 ×

                 (6)

Description Circle Rectangle

Dimple area of one (mm2)  




  


Density  
 




   



Pitch (mm)  





 



Dimple size (mm)  

   

Fig. 6  , 
 ,  , 
0.1±0.05mm, 0.05±0.025mm, 

30±10% . , , 
, 

0.05~0.10mm , , 
23.8%, 32.4%, 36.6%

10,11). Table 4
, 

.
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Std. Run 
(mm)


(mm)


(%)

Pitch of 
circle 
dimple

Pitch of 
rectangle 
dimple

1 0.05 0.025 20 0.099 0.112

2 0.15 0.025 20 0.297 0.335

3 0.05 0.075 20 0.099 0.112

4 0.15 0.075 20 0.297 0.335

5 0.05 0.025 40 0.070 0.079

6 0.15 0.025 40 0.210 0.237

7 0.05 0.075 40 0.070 0.079

8 0.15 0.075 40 0.210 0.237

9 0.05 0.050 30 0.081 0.091

10 0.15 0.050 30 0.243 0.274

11 0.10 0.025 30 0.162 0.183

12 0.10 0.075 30 0.162 0.183

13 0.10 0.050 20 0.198 0.224

14 0.10 0.050 40 0.140 0.158

15 0.10 0.050 30 0.162 0.183

Fig. 7(a) , 
0.5m/s, 
KS B ISO 7986 6.3MPa . Fig. 7(b)

, 0.005mm, 
0.025mm . 

(Finite Element Analysis)
SOLIDWORKS v. 2020 SOLIDWORKS simulation 
v.2020 .

Fig. 8 , 
Table 5 . 

> > > , 
> > > . 
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Description Max. von mises stress Max. contact pressure 

Circle 10.416 11.981

Rectangle 12.019 16.290

Triangle  8.809 11.710

Trapezoid  9.868 12.682

(Response Surface Methodology) 

Table 6 , 
. 

. 2n
2na nc 1

2n+2na+nc . 
, 

Std. Run 
(mm)


(mm)


(%)

Max. von 
mises 
stress 
(MPa)

Max. 
contact 
pressure 
(MPa)

1 0.05 0.025 20 10.416 11.981

2 0.15 0.025 20  8.561 13.732

3 0.05 0.075 20 13.707 11.878

4 0.15 0.075 20 10.339 18.286

5 0.05 0.025 40 11.172 11.442

6 0.15 0.025 40 10.367 15.717

7 0.05 0.075 40 16.539 10.954

8 0.15 0.075 40 13.625 16.990

9 0.05 0.050 30 11.682 12.552

10 0.15 0.050 30 12.084 16.209

11 0.10 0.025 30 11.372 15.987

12 0.10 0.075 30 14.504 16.793

13 0.10 0.050 20 12.818 20.764

14 0.10 0.050 40 14.845 20.279

15 0.10 0.050 30 13.780 19.346

nc=3~5 , nc=1~2
. , n , na

, nc 12).
Table 7, 8 . 

 ,  ,  , *
,  ,  , * , * , 

* , *  .  0.619
, 

. 
P . , 

P  (0.05)
, P 0.05
13). , (coefficient)

(effect) , T 
. 
(7), (8)

.

Term Coefficient SE coefficient T P

Constant 13.4638   0.3821  35.239  0.000

 -0.8540   0.2702  -3.161  0.010

 1.6826   0.2702   6.228  0.000

 1.0707   0.2702   3.963  0.003

* -1.6146   0.4679  -3.450  0.006

YVM=13.4638-0.854+1.6826+1.0707
-1.6146

                                   (7)

Term Coefficient SE coefficient T P

Constant 18.8936   0.4113  45.935  0.000

 2.2127   0.2420   9.144  0.000

 0.6042   0.2420   2.497  0.041

 -0.1259   0.2420  -0.520  0.619

 -4.3999   0.4772  -9.220  0.000

 -2.3904   0.4772  -5.009  0.002

 1.7411   0.4772   3.648  0.008

 0.8023   0.2706   2.965  0.021

YCP=18.8936+2.2127+0.6042 -0.1259
-4.3999

 -2.3904
 +1.7411

+0.8023     
                                            (8)
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, , 
, 

(9), (10) . 

YVM=10.9091-1.7116+1.026+0.3226
+0.6372*+0.8077*                 (9)

YCP=18.7782+1.6037 -0.4774 -0.9539
-4.6523

+3.3642
 -2.6053

              (10)

(11), (12), (13), (14)
. 

YVM=11.1049-1.0276+1.5241+0.5556
-1.20932-0.9279*                    (11)

YCP=14.253+0.3209+0.4397 -0.9349
-4.3301

+2.5609
                        (12)

YVM=11.1896-1.2992+0.6924+0.6498
-1.9502

+1.364
                         (13)

YCP=19.0616+0.1739+1.4093 -0.8108
-3.3855

 -3.063
                          (14)

, MINITAB v.14
, 

Table 9, Fig. 9 . 
0.092mm . 


(mm)


(mm)


(%)

Max. von 
mises stress 

(MPa)

Max. contact 
pressure 
(MPa)

0.05 0.025 23.1541 10.2877 10.9908

11.130MPa, 
11.019MPa 92.4%, 99.7%

.

Table 10, Fig. 10 . 
0.079mm . 

11.352MPa, 
9.3884MPa 97.2%, 98.6%

.


(mm)


(mm)


(%)

Max. von 
mises stress 

(MPa)

Max. contact 
pressure 
(MPa)

0.05 0.0415 40 11.68 9.5183
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(mm)


(mm)


(%)

Max. von 
mises stress 

(MPa)

Max. contact 
pressure 
(MPa)

0.15 0.0383 40 9.1455 9.6612

Table 11, Fig. 11 . 
0.237mm . 

8.8576MPa, 
10.097MPa 96.9%, 95.7%

.
Table 12, Fig. 12 . 

0.237mm . 
8.9014MPa, 

9.6942MPa 97.2%, 91.1%
.
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(mm)


(%)

Max. von 
mises stress 

(MPa)

Max. contact 
pressure 
(MPa)

0.15 0.0263 40 9.1595 10.6402

Fig. 13
, 

. 
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A study on carbon composite fabrication using injection/compression molding 
and insert-over molding

Eui-Chul Jeong1,2 Kyung-hwan Yoon2 Seok-Kwan Hong1 Sang-Yong Lee1 Sung-Hee Lee
Department of Shape Manufacturing R&D, Korea Institute of Industrial Technology1,

Department of Mechanical Engineering, Dankook University2

(Received August 06, 2020 / Revised December 23, 2020 / Accepted December 31, 2020)

Abstract: In this study, forming of carbon composite parts was performed using an injection/compression molding process. 
An impregnation of matrix is determined by ability of wet and flow rate between the matrix and reinforcement. The flow 
rate of matrix passing through the reinforcements is a function of permeability of reinforcement, a viscosity of matrix and 
pressure gradient on molding, and the viscosity of the matrix depends on the mold temperature, molding pressure and 
shear strain of matrix. Therefore, compression molding experiment was conducted using a heating mold in order to 
confirm the possibility of matrix impregnation. The impregnation of the matrix through the porosities between the woven 
yarns was confirmed by the cross-sectional SEM image of compression molded parts. An injection molding process was 
also performed at a short cycle time, high molding pressure and low mold temperature than those of compression 
experiment conditions. Deterioration of impregnation on the surface of molded parts were caused by these injection 
conditions and it could be the reason of decreasing the maximum tensile strength. In order to improve impregnation of 
matrix on the surface, injection/compression molding and insert-over molding were applied. As a result of applying 
injection/compression molding and insert-over molding, it was shown that the improvement of impregnation on the surface 
and  the maximum tensile strength was increased about 2.8 times than the virgin matrix.

Key Words: Thermoplastic, Impregnation, Carbon composite, Compression molding, Injection molding, Insert-over 
molding
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11)

, Fig. 1
. 

Table 1
3

, 
PP(Polypropylene) , MFR(Melting flow rate), 

Table 2 . 

SEM 
, Fig. 2

.

Fig. 3(a)

Model CF 3327
Type of yarn CARBON 3K

Specific weight (g/m2) 208 ± 12
Density (count/in) 13
Thickness (mm) 0.27 ± 0.05

Average area of porosities (mm2) 0.25
Weave type Plain

Characteristics Test method Value
Density (g/cm3) ASTM D1505 0.9

MFR (250 , 2.16kg) (g/10min) ASTM D1238 70
Tensile strength at yield (MPa) ASTM D638 26

. 
, 

. 
12) Fig. 4
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16,17) 
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 : Material property
 : Material volume fraction

Name Fiber volume 
fraction

Maximum tensile 
strength (MPa) STDEV

Virgin resin 0.000 28.41 1.40
Sample 1 0.256 84.60 3.09
Sample 2 0.367 144.65 2.71
Sample 3 0.480 179.27 0.60

Sample 4 (IM) 0.322 35.16 2.10

 Table 3 Fig. 5 , (CM), 
(IM)

. -

, (CM)
0.367 144.65 

MPa 
(IM) 0.322 

35.16 MPa
.

. 

Fig. 3
. 
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/ (ICM : Injection 
compression molding)

. / Fig. 3(b)
1

Fig. 3(c) , 

Fig. 6 . /

SEM , Fig.7
2 1

. 

.
Table 4 0.345

/
(ICM) 54.16 MPa

, 0.334
(IOM)

79.90 MPa . /
(ICM), 

Name Fiber volume 
fraction

Maximum tensile 
strength(MPa) STDEV

Virgin resin 0.000 28.41 1.40
Sample 4 0.345 54.16 0.70
Sample 5

(over molding) 0.334 79.90 0.59

(IOM) -
Fig. 8 , 

.

/

. 

, SEM 

. 

, 
, 
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Development of high-efficiency heating system using humidifying particles

Jeong-Won Lee Kyung-Bo Hong1
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Korea Institute of Industrial Technology, Korea
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(Received September 15, 2020 / Revised December 23, 2020 / Accepted December 31, 2020)

Abstract: Products for heating indoors in low temperature and dry winter are largely divided into products using fossil 
fuels and products using electricity. The fossil fuels can warm the entire space by convection, but there is a high risk 
of fire and the frequent ventilation due to the increase in carbon monoxide and carbon dioxide. Heaters using electricity 
are mainly used because they are convenient to use and are cheap. However, these products can not efficiently warm the 
air because they use radiation energy. In other words, only the front part exposed to the heater is warm, and the rear part 
has no heating effect at all. Also, because it emits a large amount of light, fatigue of the eyes is very high. Another 
problem is that when using electric heaters, the room tends to be dry by high heat. Indoor humidity maintenance is a 
very important factor in the prevention and treatment of respiratory diseases. Especially, it is essential for health care for 
infants, bronchial organs and people with weak respiratory because humidity is low in winter. In this study, we conducted 
a study to develop a product that can improve heating efficiency while maintaining proper indoor humidity by combining 
heat energy and moisture particles. The concept of humidification and heating at the same time, moisture particles 
generated in the humidifier pass through the heater, include thermal energy, and the moisture particles with thermal 
energy are diffused into the space by forced convection, thereby warming the entire space. In addition, the heating time 
is shortened as the feeling temperature is increased with the high relative humidity, and this has the effect that the heating 
cost in winter is reduced.

Key Words: Electric heater, Humidity, Humidifier, Heating efficiency, Feeling temperature 
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× ×   

HI : ( ), T : ( ), R : (％) 

Relative Humidity(%)
Temp
( ) 40 45 50 55 60 65 70 75 80 85 90 95 100

43 56.6
42 53.7 57.5
41 50.9 54.3 58.1
40 48.3 51.3 54.8 58.5
39 45.8 48.5 51.6 55.0 58.7
38 43.4 45.9 48.6 51.6 55.0 58.6
37 41.2 43.4 45.8 48.5 51.4 54.7 58.2
36 39.1 41.0 43.1 45.5 48.1 51.0 54.2 57.5
35 37.2 38.8 40.7 42.7 45.0 47.6 50.3 53.3 56.5
34 35.4 36.8 38.4 40.2 42.2 44.4 46.8 49.4 52.2 55.2 58.4
33 33.8 34.9 36.3 37.8 39.5 41.4 43.5 45.7 48.1 50.8 53.5 56.5
32 32.3 33.2 34.4 35.6 37.1 38.7 40.4 42.3 44.4 46.6 49.0 51.5 54.2
31 30.9 31.7 32.6 33.7 34.8 36.2 37.6 39.2 40.9 42.7 44.7 46.8 49.0
30 39.7 30.3 31.0 31.9 32.8 33.9 35.0 36.3 37.7 39.1 0.7 42.4 44.2
29 28.6 29.1 29.7 30.3 31.0 31.8 32.7 33.7 34.7 35.9 37.1 38.4 39.7
28 27.5 28.0 28.4 28.9 29.4 30.0 30.7 31.4 32.1 32.9 33.7 34.7 35.6
27 26.9 27.1 27.4 27.7 28.1 28.5 28.9 29.3 29.7 30.2 30.7 31.3 31.8
26 26.2 26.4 26.6 26.7 26.9 27.1 27.3 27.5 27.7 27.9 28.0 28.2 28.4
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Categories Heat Index Possible Symptoms

Caution 26.7~32.2 Fatigue with prolonged exposure 
and physical activity

Extreme 
Caution 32.2~40.6

Sunstroke, Heats cramps and heat 
exhaustion with prolonged exposure 
and physical activity under these 

conditions

Danger 40.6~54.5
Sunstroke, heat cramps or heat 
exhaustion are likely. heatstroke 

with prolonged exposure and 
physical activity

Extreme 
Danger Over 54.5 Heatstroke or sunstroke are 

imminent
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Development and evaluation of edge devices for injection molding monitoring

Jong-Sun Kim Jun-Han Lee1,2

RShape Manufacturing R&D Department, Korea Institute of Industrial Technology
Department of Mechanical Engineering, Dankook University, Korea2

(Received November 03, 2020 / Revised December 23, 2020 / Accepted December 31, 2020)

Abstract: In this study, an edge device that monitors the injection molding process by measuring the mold 
vibration(acceleration) signal and the mold surface temperature was developed and evaluated its performance. During 
injection molding, signals of the injection start, V/P switchover, and packing end  sections were obtained through the 
measurement of the mold vibration and the injection time and packing time were calculated by using the difference 
between the times of the sections. Then, the mold closed and mold open signals were obtained using a magnetic hall 
sensor, and cycle time was calculated by using the time difference between the mold closed time each process. As a 
result of evaluating the performance by comparing the process data monitored by the edge device with the shot data 
recorded on the injection molding machine, the cycle time, injection time, and packing time showed very small error of 
0.70±0.38%, 1.40±1.17%, and 0.69±0.82%, respectively, and the values close to the actual were monitored and the 
accuracy and reliability of the edge device were confirmed. In addition, it was confirmed that the mold surface 
temperature measured by the edge device was similar to the actual mold surface temperature.

Key Words: Injection molding, Process monitoring, Edge device, Mold vibration, Mold temperature 
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( ) . Fig. 1
Table 1  

. 
Fig. 2

 

5). 
, 
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Specification Value Unit

Interface I2C interface

Measurement range Min. ±2, Max. ±16 G

Resolution Min. 16384, Max. 2048 LSB/(degree/s)

Update rate 4 ~ 1,000 hz

Fig. 3 5
(HOPLENE J-150, LOTTE 

chemical) . 
(arduino uno board)

. 
Fig.4

. Fig. 4
, , , , 

, , 
.
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, Fig. 5 “ ”, “ ”, “
” 

.

. , 

. 

Fig. 6 Table 2
.

 

Specification Value Unit

Interface Digital
Measurement range -55 ~ +125

Measurement precision 0.5
Operation voltage 3.3 ~ 5 V
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“
”, “ ”

(trigger) 
Fig. 7 (magnetic hall sensor)

. , 

. 

(process) . 

(cycle time)
.

ATmega328 
(arduino nano board, Interaction Design Institutelvera)

Fig. 8(a) Table 3
. 

. 

4.0 
Fig. 8(b) Table 4

.

 

 

Specification Value Unit
Microcontroller ATmega328 -

Flash memory 32 KB of which 2 KB used by 
bootloader

SRAM 2 KB
Clock Speed 16 MHz

Specification Value Unit
Bluetooth version 4.0 -

BLE chip Bluetooth Low Energy consumption
Operating voltage 2.0 - 3.6 v

Cuurent Consumes 235uA on battery backup

Fig. 9 . Fig. 9(a)

, 
“ON” “1” 

. Fig. 9(b) “1” 

. 
, “ ”, “

”, “ ” 
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Fig. 10(b)
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(fixed lib)
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3D (UP mini 2, Tiertime)
ABS(C-21-01, UP Filla) 

. Fig. 11
. Fig. 11(a)

(plastic case)
Fig. 11(b)

(plastic cover)
.

, , 
Fig. 12

. 

, 
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. , 

Fig. 12 (a)
. 

, Fig. 13

(gap) 
Fig. 14

(gap) .
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board)
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Fig. 21
Table 5

. Fig. 21 1
“1”

2
. 2

( )
. 3

. 3 “ ”, “
”, “ ” 3

(median)
. 

Table 5
. 4

5

“0” 6
. 

Fig. 21 Table 
5 , , , 

, .

 

No. Measured data Data value Application Calculation

1 Mold closed 1 (mold closed) - -

2 Mold closed time 0, 0, 39, 53
(day, hour, min, sec) Cycle time [N+1] cycle time = [N+1] mold closed time

                  - [N] mold closed time

3 Acceleration 0.93:-0.0273
(time[sec]:Acceleration[g])

Injection time, 
packing time 

The measurement time is divided into 3 parts and the median 
value of each section is calculated.
- Injectoin start : 0.93 s Median : 0.93 s
- V/P switchover : 2.09 s, 2.10 s Median : 2.10 s
- Packing end : 5.09 s, 5.10 s, 5.11 s Median : 5.10 s
Injection time and packing time are calculated using the time 
difference between each section time.
- Injection time : Median of V/P switchover 2.10
               Median of injection start 0.93
                = 1.17 s
- Packing time : Median of packing end 5.10
               Median of V/P switchover 2.10
                = 3.00 s

4 Mold surface 
temperature 44.56 -

5 Mold open 0 (mold open) -

6 Mold open time 0, 0, 40, 16
(day, hour, min, sec) Cooling time

Cooling time = Mold open time - (Mold closed time +
              Injection time + Packing time + 
              meausrement delay time)
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5 Fig. 22
Fig. 23

150 (LGE150- -DHS, LSMtron)  
. 

(dry cycle)
45

.

Fig. 24 Fig. 25

. , 

, 

.

Table 6
5

( ) . 
, , , 

.

`Conditions Value UnitNo.1 No.2 No.3 No.4 No.5
Melt 

temperature 225 225 225 225 225
Mold 

temperature 50 50 50 40 40

Injection 
speed 25 20 45 40 30

mm/s
(screw diameter 

25 mm)
Packing 
pressure 220 200 200 290 225 bar
Packing 

time 3.00 1.00 2.00 3.00 4.00 sec
Cooling 

time 15.00 25.00 30.00 30.00 35.00 sec

Fig. 26

Table 7
Table 11

.
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No.
Mold 
closed 
time

(min, sec)

Acceleration time (sec) Mold 
surface 

temperatur
e( )

Mold 
open time
(min, sec)

Injection 
start

V/P 
switchover

Packing 
end

1 39, 53 0.93 2.10 5.10 44.56 40, 16 
2 40, 25 0.91 2.08 5.08 44.56 40, 48 
3 40, 57 0.85 2.02 5.02 44.56 41, 19 
4 41, 29 0.90 2.06 5.06 44.56 41, 51 
5 42, 01 0.93 2.12 5.12 44.63 42, 23 
6 42, 32 0.94 2.12 5.12 44.63 42, 55 
7 43, 04 0.87 2.03 5.03 44.63 43, 27 
8 43, 36 0.90 2.07 5.07 44.63 43, 58 
9 44, 08 0.86 2.03 5.03 44.63 44, 30 
10 44, 40 0.87 2.05 5.05 44.63 45, 02

No.
Mold 
closed 
time

(min, sec)

Acceleration time (sec) Mold 
surface 

temperatur
e( )

Mold 
open time
(min, sec)

Injection 
start

V/P 
switchover

Packing 
end

1 1, 16 0.90 2.35 3.34 43.94 1, 46
2 1, 56 0.89 2.34 3.35 43.94 2, 26
3 2, 36 0.87 2.32 3.29 44.00 3, 6
4 3, 16 0.85 2.30 3.31 44.00 3, 47
5 3, 56 0.93 2.38 3.38 44.00 4, 27
6 4, 36 0.87 2.32 3.33 44.00 5, 7
7 5, 16 0.94 2.39 3.39 44.00 5, 47
8 5, 56 0.91 2.36 3.36 44.00 6, 27
9 6, 37 0.85 2.30 3.26 44.00 7, 7
10 7, 17 0.88 2.33 3.33 44.06 7, 47

No.
Mold 
closed 
time

(min, sec)

Acceleration time (sec) Mold 
surface 

temperatur
e( )

Mold 
open time
(min, sec)

Injection 
start

V/P 
switchover

Packing 
end

1 1, 0 0.84 1.45 3.42 43.63 1, 35
2 1, 45 0.91 1.52 3.47 43.69 2, 21
3 2, 30 0.87 1.49 3.44 43.69 3, 6
4 3, 15 0.85 1.47 3.45 43.69 3, 51
5 4, 1 0.90 1.48 3.49 43.63 4, 36
6 4, 46 0.86 1.45 3.43 43.63 5, 21
7 5, 31 0.91 1.52 3.49 43.63 6, 7
8 6, 16 0.90 1.5 3.52 43.63 6, 52
9 7, 1 0.86 1.47 3.46 43.56 7, 37
10 7, 47 0.92 1.52 3.52 43.56 8, 22

No.
Mold 
closed 
time

(min, sec)

Acceleration time (sec) Mold 
surface 

temperatur
e( )

Mold 
open time
(min, sec)

Injection 
start

V/P 
switchover

Packing 
end

1 50, 2 0.86 1.62 4.58 39.94 50, 39
2 50, 48 0.93 1.70 4.66 39.94 51, 25
3 51, 35 0.90 1.63 4.64 39.94 52, 12
4 52, 21 0.89 1.62 4.61 39.94 52, 58
5 53, 7 0.91 1.66 4.65 39.94 53, 44
6 53, 54 0.94 1.69 4.67 40.00 54. 31
7 54, 40 0.91 1.66 4.66 39.94 55. 17
8 55, 27 0.93 1.69 4.67 39.94 56. 3
9 56, 13 0.92 1.66 4.65 39.94 56. 50
10 56, 59 0.86 1.63 4.60 39.94 57. 36

No.
Mold 
closed 
time

(min, sec)

Acceleration time (sec) Mold 
surface 

temperatur
e( )

Mold 
open time
(min, sec)

Injection 
start

V/P 
switchover

Packing 
end

1 44, 13 0.91 1.92 5.88 39.94 44, 56
2 45, 6 0.87 1.84 5.84 40.00 45, 49
3 45, 58 0.89 1.88 5.84 40.00 46, 41
4 46, 51 0.89 1.87 5.85 40.00 47, 34
5 47, 43 0.89 1.85 5.85 40.06 48, 26
6 48, 36 0.89 1.87 5.85 40.00 49, 19
7 49, 29 0.91 1.87 5.88 40.00 50, 12
8 50, 21 0.93 1.89 5.89 40.06 51, 4
9 51, 14 0.93 1.91 5.89 40.06 51, 57
10 52, 6 0.92 1.93 5.89 40.06 52, 50



- 36 -

- 12 -

( ) 
Table 12 Table 16 . 

1 0.59±0.02%, 2
0.23±0.01%, 3 0.76±0.46%, 4

1.03±0.26%, 5 0.91±0.21%  

. 
0.51±0.57%, 0.97±0.55%, 

1.83±1.17%, 2.03±1.24%. 1.65±1.32%.
5% 

. 
0.23±0.30%, 0.85±1.29%, 1.25±0.84%, 0.63±0.43%, 
0.48±0.39%

. , 

, , 

.
, 8.93±3.20%, 

6.26±0.04%, 6.71±1.63%, 7.22±1.01%, 6.11±0.85%,
. 

, 
“0”

. 

. 

No.

Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)

Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error

1 32 31.81 0.60 1.17 1.17 0.00 3.00 3.00 0.00 16.90 15.00 12.67 
2 32 31.81 0.60 1.17 1.17 0.00 2.99 3.00 0.33 16.93 15.00 12.87 
3 32 31.82 0.57 1.17 1.17 0.00 3.00 3.00 0.00 15.98 15.00 6.53 
4 32 31.82 0.57 1.16 1.17 0.85 3.00 3.00 0.00 15.94 15.00 6.27 
5 32 31.82 0.57 1.19 1.17 1.71 2.98 3.00 0.67 15.90 15.00 6.00 
6 32 31.81 0.60 1.18 1.17 0.85 2.98 3.00 0.67 16.90 15.00 12.67 
7 32 31.82 0.57 1.16 1.17 0.85 3.00 3.00 0.00 16.97 15.00 13.13 
8 32 31.82 0.57 1.17 1.17 0.00 3.00 3.00 0.00 15.93 15.00 6.20 
9 32 31.81 0.60 1.17 1.17 0.00 3.00 3.00 0.00 15.97 15.00 6.47 
10 32 31.81 0.60 1.18 1.17 0.85 2.98 3.00 0.67 15.97 15.00 6.47 

Avg. 32 31.82 0.59 1.17 1.17 0.51 2.99 3.00 0.23 16.34 15.00 8.93

No.

Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)

Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error

1 40 40.09 0.22 1.46 1.45 0.69 0.99 1.00 1.00 26.55 25.00 6.20 
2 40 40.10 0.25 1.43 1.45 1.38 1.01 1.00 1.00 26.56 25.00 6.24 
3 40 40.09 0.22 1.45 1.45 0.00 0.97 1.00 0.00 26.58 25.00 6.32 
4 40 40.09 0.22 1.43 1.45 1.38 1.01 1.00 1.00 26.56 25.00 6.24 
5 40 40.09 0.22 1.43 1.45 1.38 1.00 1.00 0.00 26.57 25.00 6.28 
6 40 40.09 0.22 1.45 1.45 0.00 1.01 1.00 0.50 26.55 25.00 6.18 
7 40 40.10 0.25 1.44 1.45 0.69 1.00 1.00 0.50 26.57 25.00 6.26 
8 40 40.10 0.25 1.43 1.45 1.38 1.00 1.00 0.00 26.57 25.00 6.28 
9 40 40.09 0.22 1.47 1.45 1.38 0.96 1.00 4.50 26.58 25.00 6.30 
10 40 40.09 0.22 1.43 1.45 1.38 1.00 1.00 0.00 26.57 25.00 6.28 

Avg. 40 40.09 0.23 1.44 1.45 0.97 0.99 1.00 0.85 26.56 25.00 6.26
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No.

Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)

Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error

1 45 45.24 0.53 0.61 0.60 1.67 1.97 2.00 1.75 31.43 30.00 4.75 
2 45 45.23 0.51 0.61 0.60 1.67 1.95 2.00 2.50 32.44 30.00 8.13 
3 45 45.24 0.53 0.62 0.60 3.33 1.95 2.00 2.75 32.44 30.00 8.12 
4 46 45.24 1.68 0.62 0.60 3.33 1.98 2.00 1.00 32.40 30.00 8.00 
5 45 45.24 0.53 0.58 0.60 3.33 2.01 2.00 0.50 31.41 30.00 4.70 
6 45 45.24 0.53 0.59 0.60 1.67 1.98 2.00 1.00 31.43 30.00 4.77 
7 45 45.24 0.53 0.61 0.60 1.67 1.97 2.00 1.50 32.42 30.00 8.07 
8 45 45.24 0.53 0.60 0.60 0.00 2.02 2.00 1.00 32.38 30.00 7.93 
9 46 45.24 1.68 0.61 0.60 1.67 1.99 2.00 0.50 32.40 30.00 8.00 
10 45 45.24 0.53 0.60 0.60 0.00 2.00 2.00 0.00 31.40 30.00 4.67 

Avg. 45 45.24 0.76 0.61 0.60 1.83 1.98 2.00 1.25 32.01 30.00 6.71

No.

Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)

Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error

1 46 46.38 0.82 0.76 0.74 2.70 2.96 3.00 1.33 32.28 30.00
2 47 46.38 1.34 0.77 0.74 4.05 2.96 3.00 1.33 32.27 30.00
3 46 46.38 0.82 0.73 0.74 1.35 3.01 3.00 0.33 32.26 30.00
4 46 46.38 0.82 0.73 0.74 1.35 2.99 3.00 0.33 32.28 30.00
5 47 46.38 1.34 0.75 0.74 1.35 2.99 3.00 0.33 32.26 30.00
6 46 46.38 0.80 0.75 0.74 1.35 2.98 3.00 0.67 32.27 30.00
7 47 46.38 1.34 0.75 0.74 1.35 3.00 3.00 0.00 32.25 30.00
8 46 46.38 0.82 0.76 0.74 2.70 2.98 3.00 0.67 31.26 30.00
9 46 46.38 0.82 0.74 0.74 0.00 2.99 3.00 0.33 32.27 30.00
10 47 46.38 1.34 0.77 0.74 4.05 2.97 3.00 1.00 32.26 30.00

Avg. 46 46.38 1.03 0.75 0.74 2.03 2.98 3.00 0.63 32.17 30.00 7.22

No.

Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)

Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error Edge 
device

Injection 
molding 
machine

%Error

1 53 52.61 0.74 1.01 0.97 4.12 3.96 4.00 1.00 37.03 35.00
2 52 52.61 1.16 0.97 0.97 0.00 4.00 4.00 0.00 37.03 35.00
3 53 52.60 0.76 0.99 0.97 2.06 3.96 4.00 1.00 37.05 35.00
4 52 52.61 1.16 0.98 0.97 1.03 3.98 4.00 0.50 37.04 35.00
5 53 52.61 0.74 0.96 0.97 1.03 4.00 4.00 0.00 37.04 35.00
6 53 52.61 0.74 0.98 0.97 1.03 3.96 4.00 0.50 37.06 35.00
7 52 52.61 1.16 0.96 0.97 1.03 4.01 4.00 0.25 37.03 35.00
8 53 52.61 0.74 0.96 0.97 1.03 4.00 4.00 0.00 37.04 35.00
9 52 52.61 1.16 0.98 0.97 1.03 3.98 4.00 0.50 37.04 35.00
10 53 52.61 0.71 1.01 0.97 4.12 3.96 4.00 1.00 38.03 35.00

Avg. 53 52.61 0.91 0.98 0.97 1.65 3.98 4.00 0.48 37.14 35.00 6.11



- 38 -

- 14 -

( ) 

. 
, , 

. 

, 
(

) 
. 

, 
“

”, “ ”, “ ” 
(medina)

“ ” “ ” 
“ ”, “ ” “ ” 

“ ” . 
, “

” 1.40±1.17%, “ ” 0.69±0.82%

.

. 

, 0.70±0.38%

.  
, 

, 

7.05±1.99%

. 

. 
, 

. 

, , 

.

 
(Project No. JF200027)

(Project No. KM200224, 10067766)
.

1) Mok, S. L., Kwong, C. K., Grasser, F., D’Arrigo, 
A., and Colombi, S., “Application of artificial 
neural network and fuzzy logic in a case-based 
system for initial process parameter setting of 
injection molding”, J. Intell. Manuf., Vol. 13, No. 
3, pp. 165-176, 2002.

2) Michaeli, W., and Schreiber, A. “Online Control of 
the Injection Molding Process Based on Process 
Variables”, Adv. Polym. Tech., Vol. 28, No. 2, pp. 
65-76, 2002.

3) Chen, J. Y., Yang, K. J., and Huang, S. M., “nline 
quality monitoring of molten resin in injection 
molding”, nt. J. Heat Mass Transfer, Vol. 122, pp. 
681-693, 2018.

4) Lee, J. H., and Kim, J. S., “A study on monitoring 
for process time and process properties by 
measuring vibration signals transmitted to the mold 
during injection molding”, J. Korea Society of Die 
& Mold Engineering, Vol. 14, No. 3, pp. 8-16, 
2020.

5) Zhang, Z., Chen, J. C., and Zhu, J., “Development 
of an in-process, gap-caused flash monitoring 
system in injection molding processes”, Int. J. Adv. 
Manuf. Technol., Vol. 26, pp. 1237-1245, 2005.



- 39 -

- 15 -

2005 8 : 
( )

2006 3 : 
( ), 

< >
, 

2017 2 : 
( )

2017 3 : 
   ( )

2015 3 : 
( ), 

< >
, 



- 40 -

, 14 4 , 2020
J. Korea Society of Die & Mold Engineering, Vol.14 No.4, 2020                               ISSN 2092-9692

- 1 -

70% 

. 
, 

. 80% 
. 

, 2 , 3 . 

.

1. 
: 

   E-mail: choifeilong@sangji.ac.kr

1).

2).
EDR 

. 
, , , 

. , .
PC-CRASH

. Newton 

1

1

A study on the estimation of impact velocity of crashed vehicles
in tunnel using computer simulation(PC-CRASH)

Chang-Pyoung Han1 Hong-Ju Choi
Department of Smart Automobile Engineering, Sangji University1

Department of Electronic Engineering, Sangji University†

(Received December 06, 2020 / Revised December 28, 2020 / Accepted December 31, 2020)

Abstract: In a vehicle-to-vehicle accident, the impact posture, braking status, final stopping position, collision point and 
collision speed are important factors for accident reconstruction. In particular, the speed of collision is the most important 
issue. In this study, the collision speed and the final stopping position in the tunnel were estimated using PC-CRASH, 
a vehicle crash analysis program used for traffic accident analysis, and the final stopping position of the simulation and 
the final stopping position of the traffic accident report were compared. When the Pride speed was 0km/h or 30km/h and 
the Sorento speed was 100m/h, the simulation results and reports matched the final stopping positions and posture of the 
two vehicles. As a result of the simulation, it can be estimated that Pride was collided in an almost stationary state.

Key Words: PC-CRASH, Collision Velocity, Final Position, Prediction Model, Accident Reconstruction
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START VALUES
Velocity magnitude  kmh 90 100

Heading angle   0.71 5.20
Velocity direction    0.71 5.20
Yaw velocity  rads  0.00 0.00

Center of gravity  m  35.54 29.92
Center of gravity  m  -1.44 -1.35
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Analysis of friction stir welding characteristics of aluminum alloy using 
machining center

Young-Chun Seung1 Kyoung-Do Park2 Chun-Kyu Lee
Department of Metal Mold Design Engineering, Kongju National University1,

Department of Computer Applied Mechanical Design, Hwaseong Campus  of Korea Polytechnic colleges2

(Received December 11, 2020 / Revised December 26, 2020 / Accepted December 31, 2020)

Abstract: The purpose of this study was to analyze the change in tensile strength characteristics of the weld when the 
welding speed and rotational speed of the tool, which are representative variables of the friction stir welding process. The 
equipment used in the experiment was Machining Center No. 5. The material used in the experiment is an AA6061-T6 
alloy, and a rolled plate with a thickness of 2mm was used. Two experimental variables were selected, the welding speed 
of the tool and the rotational speed of the tool. The experimental conditions were selected in the range in which a healthy 
weld could be obtained through a preliminary experiment. The welding speed of the tool was increased to 100mm/min, 
200mm/min, and 300mm/min, and the rotational speed of the tool was increased to 1000rpm, 2000rpm, and 3000rpm. As 
a result of the experiment, the tensile strength increased as the rotational speed of the tool changed at each tool welding 
speed. In addition, as the welding speed of the tool increased, the tensile strength of the weld was increased. The condition 
with the highest tensile strength of the weld was found to be a tool feed speed of 300 mm/min and a tool rotation speed 
of 3000rpm.

Key Words: Friction stir welding, Aluminum alloy, Machining center, Tensile test
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Factor
Experimental conditions

Level 1 Level 2 Level 3

Welding speed
(mm/min), (A) 100 200 300

Rotation speed
(rpm), (B) 1000 2000 3000

Fig. 1
. AA6061-T6 

MCT(Machining Center Tooling 
System, : VX500)

, 
.

Fig. 2
. 
STD61 

CNC
. 

Table 2
, 

, 16.0 mm, 
4.0 mm, 1.5 

mm . 

Item Tool

Shoulder diameter (mm) 16.0

Pin root diameter (mm) 4.0

Pin length (mm) 1.5

Material STD61 (tool steel)

AA6061-T6 

, Mg Si
, Mn, Cr, 
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Cu 6000 Al-Mg-Si 
. 

Table 3 AA6061-T6 
, Table 4 .

2.0 mm
100 mm, 150 mm , 

.

Al Cr Ti Mn Fe Si Cu Mg

bal. 0.35 0.15 0.15 0.70 0.4 0.15 1.2

Tensile strength
(MPa)

Yield strength
(MPa)

Hardness
(Hv)

Elongation
(%)

310 276 107 17

Fig. 3
. 

. 
0.3 

mm .

(Advancing Side)
(Retreating Side)

, (Burr)
.

Fig. 4
. 

0.3 mm 
, 4 , Table 1
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.

9
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3 . 

Case 3 Fig. 5
. 

27

.

Fig. 6
ASTM E8 standard 

, 

.
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Fig. 7
. 

Advancing Side(AS)
Retreating Side(RS) , 

AS .  
AS RS

.

Table 5 Fig. 8 27
. 

, 70 ~ 90% 
.

No.
Factors Tensile strength(MPa)

W/S
(mm/min), (A)

R/S
(rpm), (B) Case1 Case2 Case3

1 100 1000 242.62 233.43 248.55 

2 100 2000 246.17 227.05 240.90 

3 100 3000 254.53 249.85 255.67 

4 200 1000 267.14 261.88 269.22 

5 200 2000 276.65 269.83 281.61 

6 200 3000 280.23 279.71 282.77 

7 300 1000 281.55 276.49 270.27 

8 300 2000 287.85 281.65 291.15 

9 300 3000 280.37 291.04 291.19 

Fig. 9
. 

, 
. 

, 
. 
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No.
Factors

Weld section
(A) (B)

1 100 1000

2 100 2000

3 100 3000

4 200 1000

5 200 2000

6 200 3000

7 300 1000

8 300 2000

9 300 3000

AA6061-T6 d

, 
.  

1) 100 mm/min, 200 
mm/min, 300 mm/min 
1000 rpm, 2000 rpm, 3000 rpm 

.
2) 100 mm/min, 200 

mm/min, 300 mm/min 
1000 rpm, 2000 rpm, 3000 rpm 

. 
3) 300 mm/min 

3000 rpm 
291.19 MPa , 

94 % .  
4) 

(Advancing Side)
, AS

RS
.

5) 

, 
.

.

1) H. T. Kim, S. C. Kil, “Recent Research Trend of 
Friction Stir Welding Process”, Spring Conference 
of The Korean Welding and Joining Society, Vol. 
49, p. 77, 2008.

2) James, M. N, Hattingh, D. G. and Bradley, G. R., 
“Weld Tool Travel Speed Effects on Fatigue Life of 
Friction Stir Welds in 5083Aluminum”, 
International Journal of Fatigues, No. 25, pp. 
1389-1398, 2003.

3) H. S. Park, Y. H. Lee, W. D. Choi, J. B. Ko, “A 
Study on the Effect that Pin Shape and Welding 
Speed have an Influence on Mechanical Strength in 
Friction Stir Welding Al6061-T6”, Journal of The 
Korean Society of Manufacturing Technology 
Engineers, Vol. 17, No. 4. pp. 22-28, 8. 2008. 

4) S. K. Jang, M. S. Han, J. I. Jeon, “Effects of Tool 
Rotation and Transition Speed during Friction Stir 
Welding of Al 7075-T651 Alloy”, Journal of The 
Korean Society of Mechanical Engineers(A), Vol. 
11, No. 4, pp. 532-539, 2007. 

5) S. K. Jang and S. H. Shin, “A Development of 
Optimizing Tools for Friction Stir Welding with 
2mm Thick Aluminum using a Milling Machine”, 
Journal of The Korean Society of Marine 
Engineering, Vol. 25, No. 4, pp. 91-96.

6) Won, S. T., Kim, W. K. and Goo, B. C., 



- 51 -

- 6 -

“Mechanical Properties of Joints according to Welding 
Methods and Sensitivity Analysis of FSW’s 
Welding Variables for A6005 Extruded Alloy of 
Rolling Stock,” Journal of The Korean Society for 
Railway, Vol 13, No. 2, pp. 131-138.

7) S. W. Kim, W. B. Lee, D. W. Kim, Y. M. Yeon 
and S. B. Jeong, “The Joints Properties of Friction 
Stir Welded 5052Al Alloy”, KWS 2003-Autumn, 
pp. 69-71, 2003.

2019 3 ~ : 
.

( )

< >

 2012 2 : ( )

 2019 3 : 

< >

Chun-Kyu Lee
2014 8 : 

( )
2010 3 2016 12 : 

2016 12 2018 3 : 

2018 4 : 
  

< >



- 52 -

, 14 4 , 2020
J. Korea Society of Die & Mold Engineering, Vol.14 No.4, 2020                               ISSN 2092-9692

- 1 -

, 
, , , , , 

1).

, 
. 

1
, , 2

2).

1, : 
     E-mail: ckt1230@kongju.ac.kr

3-5). 
, Lee

6), Cheon J. H. Perepezko

7,8).

.

. 2

1

1‚

A study on the reduction of blow hole defects in aluminum sand casting

Dong-Youn Lee1 Chun-Kyu Lee
Department of Metal Mold Design Engineering, Kongju National University1‚

(Received December 14, 2020 / Revised December 29, 2020 / Accepted December 31, 2020)

Abstract: In this study attempted to prevent defects due to blow holes among defects of sand casting products. It was 
intended to reduce the defect rate by reducing the blow hole of the inner surface. Currently, expectations and requirements 
for the quality level of non-ferrous aluminum casting in the casting industry are increasing. In addition, the shape is 
complex and the shrinkage precision is required. Among them, the test prototype is expensive to manufacture the mold, 
and the production time is also long, and the product is manufactured by sand casting. At this time, the highest defect 
rates are defects caused by shrinkage defects, surface defects, and blow holes.. At this study, the manufacturing time was 
shortened by using the shape of the fluid movement path in advance. Also, it is possible to reduce defects due to blow 
holes.

Key Words: Blow hole, Reduction of defect rate, Aluminum, Sand casting
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2.25 sec , 
6.4 Kg . 

(Sprue)
(Runner) 10 Kg

. 

Name Type Material Name
pipe INSERTED STS304

cavity CAST
(CAVITY) AC4C

core CAST
(CAVITY) AC4C

gate runner CAST
(CAVITY) AC4C

riser CAST
(CAVITY) AC4C

insert block ATTACHED AC4C
Mold

(Generated) MOLD Furan sand

Fig. 4
. 

(Air trap)
(Gas pocket) . 

Ø1 mm 
. 

.

, Data 3D 
Power Mill Cam Program

. Fig. 5
HKM 12030

.

Fig 6
,  FPI-M 5000 
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Si Fe Cu Mg Ni Zn

7.06 0.118 0.014 0.368 0.001 0.001

Cr Pb Sn Mn Ti Al

0.0015 0.0019 0.001 0.0005 0.130 92.29

Si Fe Cu Mg Ni Zn

6.788 0.214 0.183 0.423 0.009 0.005

Cr Pb Sn Mn Ti Al

0.017 0.002 0.001 0.085 0.088 92.20

, 
15 .

X 1.012, Y 1.011, Z 1.01

.
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A study on structural stability of Backgrinding equipment using finite element 
analysis

Eun-Chan Wi1,3 Min-Sung Ko1 Hyun-Jeong Kim1 Sung-Chul Kim2

Joo-Hyung Lee3 Seung-Yub Baek
Department of Mechanical Convergence Engineering, Induk University1,

AM Technology Co.,Ltd2

Department of Mechanical Design and Robot Engineering, Seoul National University of Science&Technology3

(Received December 28, 2020 / Revised December 26, 2020 / Accepted December 31, 2020)

Abstract: Lately, the development of the semiconductor industry has led to the miniaturization of electronic devices. 
Therefore, semiconductor wafers of very thin thickness that can be used in Multi-Chip Packages are required. There is 
active research on the backgrinding process to reduce the thickness of the wafer. The backgrinding process polishes the 
backside of the wafer, reducing the thickness of the wafer to tens of μm. The equipment that performs the backgrinding 
process requires ultra-precision. Currently, there is no full auto backgrinding equipment in Korea. Therefore, in this study, 
ultra-precision backgrinding equipment was designed. In addition, finite element analysis was conducted to verify the 
equipment design validity. The deflection and structural stability of the backgrinding equipment were analyzed using finite 
element analysis.

Key Words: Backgrinding, Structural stability, safety factor, Deflection analysis
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Development of a process to apply uniform pressure to bond CFRP patches
to the inner surface of undercut-shaped sheet metal parts

Hwan-Ju Lee1 Yong-Jun Jeon2 Hoon Cho2 Dong-Earn Kim
Department of Automotive Engineering, Kookmin University1

Shape Manufacturing R&D Department, Korea Institute of Industrial Technology2,

(Received December 19, 2020 / Revised December 28, 2020 / Accepted December 31, 2020)

Abstract: Partial reinforcement of sheet metal parts with CFRP patch is a technology that can realize ultra-lightweight 
body parts while overcoming the high material cost of carbon fiber. Performing these patchworks with highly productive 
press equipment solves another issue of CFRP: high process costs. The A-pillar is the main body part and has an 
undercut shape for fastening with other parts such as roof panels and doors. Therefore, it is difficult to bond CFRP 
patches to the A-pillar with a general press forming tool. In this paper, a flexible system that applies uniform pressure 
to complex shapes using ceramic particles and silicone rubber is proposed. By benchmarking various A-pillars, a reference 
model with an undercut shape was designed, and the system was configured to realize a uniform pressure distribution in 
the model. The ceramic spherical particles failed to realize the uniform distribution of high pressure due to their high 
hardness and point contact characteristics, which caused damage to the CFRP patch. Compression equipment made of 
silicone rubber was able to achieve the required pressure level for curing the epoxy. Non-adhesion defects between the 
metal and the CFRP patch were confirmed in the area where the bending deformation occurred. This defect could be 
eliminated by optimizing the process conditions suitable for the newly developed flexible system.

Key Words: CFRP patchwork, Flexible mold, Undercut, Multi-material, Sheet metal forming, Bonding
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A study on the manufacturing of metal/plastic multi-components 
using the DSI molding

Seok-Jae Ha1 Baeg-Soon Cha2 Young-Bae Ko
Harang AMI Co. Ltd. R&D center1

 Shape Manufacturing R&D Department, Korea Institute of Industrial Technology2,

(Received December 18, 2020 / Revised December 26, 2020 / Accepted December 31, 2020)

Abstract: Various manufacturing technologies, including over-molding and insert-injection molding, are used to produce 
hybrid plastics and metals. However, there are disadvantages to these technologies, as they require several steps in 
manufacturing and are limited to what can be reasonably achieved within the complexities of part geometry. This study 
aims to determine a practical approach for producing metal/plastic hybrid components by combining plastic injection 
molding and metal die casting to create a new hybrid metal/plastic molding process. The integrated metal/plastic hybrid 
injection molding process developed in this study uses the proven method of multi-component technology as a basis to 
combine plastic injection molding with metal die casting into one integrated process. In this study, the electrical 
conductivity and ampacity were verified to qualify the new process for the production of parts used in electronic devices. 
The electrical conductivity was measured, contacting both sides of the test sample with constant pressure, and the 
resistivity was measured using a micro ohmmeter. Also, the specific conductivity was subsequently calculated from the 
resistivity and contact surface of the conductor path. The ampacity defines the maximum amount of current a conductive 
path can carry before sustaining immediate or progressive deterioration. The manufactured hybrid multi-components were 
loaded with increasing currents, while the temperature was recorded with an infrared camera. To compare the measured 
infrared images, an electro-thermal simulation was conducted using commercial CAE software to predict the maximum 
temperature of the power loaded parts. Overall, during the injection molding process, it was demonstrated that 
multifunctional parts can be produced for electric and electronic applications.

Key Words: Metal/Plastic Hybrid Components, DSI(die slide injection) mold, Low-Melting Alloy, Electrical Conductivity, Ampacity
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중점을 둔 논문
3. 특집논문: 별도로 규정된 특집논문 규정에 따라 작성된 논문 
4. 기타투고: 전망, 해설, 강좌, 기타 원고 등 
……
※ 이하 논문투고 및 발행규정은 한국금형공학회 홈페이지(http://www.ksdme.com/) 참조

사단법인 한국금형공학회 연구윤리규정

사단법인 한국금형공학회 연구윤리규정 
제정 2014년 01월 01일 
개정 2016년 03월 01일
개정 2016년 12월 27일 

서문
‘사단법인 한국금형공학회’(이하 ‘학회’라 한다.)는 산업고도화에 큰 기여를 하고 있
는 금형, 금형을 이용한 성형, 금형 제조에 관련된 학문을 연구하는 학술단체로 기
술향상과 관련 산업의 기술발전 및 회원 상호간의 친목과 단결을 목적으로 한다.

본 연구윤리규정(이하 “윤리규정”이라 한다.)은 본 학회 회원(이하 “회원”이라 한
다.)이 이러한 역할을 수행하는 과정에서 지켜야 할 연구윤리의 원칙과 기준을 규
정한다. 회원들은 학술연구 수행 및 연구논문 발표 시 연구윤리를 준수하며, 학회의 
규정에 포함되지 않은 사항들은 국제윤리강령을 따른다. 
http://publicationethics.org/resources/international-standards-for-editors-and-authors 
(개정 2016. 03. 01.)

제1장 총칙 

제1조(목적) 
이 규정은 학회와 관련된 학술활동이 인간의 존엄성과 가치를 침해하거나 사회 공
동의 이익을 손상하지 않는 높은 윤리적 수준을 유지하기 위하여, 학회 구성원들이 
지켜야 할 윤리적 기준을 제시, 학문 및 사회 발전에 건강하게 기여함에 그 목적이 
있다. 

제2조(윤리규정 적용범위) 
① 이 규정은 학회가 발간하는 모든 학술지 및 학술대회, 심포지엄, 워크숍, 포럼 

등 학술활동 전반에 적용한다. 
② 이 규정은 위 학술활동과 관련된 저자, 심사위원, 편집위원, 사무국 실무자에게 

모두 적용한다. 
③ 기타 위에 정하여 지지 않은 범위는 교육부 및 산하기관의 각급 규정을 준용할 

수 있다. 

……
※ 이하 연구윤리규정은 한국금형공학회 홈페이지(http://www.ksdme.com/) 참조



한국금형공학회지 논문투고 및 발행규정

한국금형공학회지 논문투고 및 발행규정 
제정 2014년 01월 01일 
개정 2016년 12월 27일
개정 2019년 02월 26일 

제1조(목적) 
이 규정은 ‘사단법인 한국금형공학회’(이하 ‘학회’라 한다.)의 정관 제4조 제3항에 
따라 발간되는 ‘한국금형공학회지’(이하 ‘학회지’라 한다.) 논문의 투고 및 게재에 
대한 사항을 규정함을 목적으로 한다. 

제2조(투고자) 
투고논문의 교신저자 및 제1저자는 학회 회원이어야 한다. 단, 편집위원장이 특별히 
인정하는 자는 예외로 할 수 있다. 

제3조(책임 및 윤리규정 준수) 
① 투고논문의 책임은 저자(들)에게 있다. 
② 투고논문에 대하여 모든 저자들은 ‘(사)한국금형공학회 연구윤리규정’을 준수하

여야 한다. 연구윤리규정을 위반할 경우 편집위원장은 논문의 게재를 불허 또는 
취소할 수 있으며, 규정에 따라 징계 할 수 있다. 

제4조(연구범위) 
논문의 연구범위는 금형공학 및 산업에 관한 분야를 중심으로 연구내용의 다양한 
산업에의 적용을 위하여 정밀가공 및 측정, 생산시스템, 설계 및 재료, 공작기계, 나
노마이크로기술, 임의형상제조시스템, 녹색생산기술 등을 포함하는 연관 기술 분야
로 하며 다른 간행물에 발표되지 않은 논문이어야 한다. 

제5조(투고 구분) 
학회지에 투고되는 논문은 아래와 같이 구분하며, 기본면수는 6면 이내로 하되 내
용에 따라 초과할 수 있다. 
1. 일반논문: 학술성 또는 실용성이나 응용성이 우수한 논문 
2. 기술논문: 타 학회지에 발표되지 않은 것으로 논문에 준하며, 그 내용이 응용에 

중점을 둔 논문
3. 특집논문: 별도로 규정된 특집논문 규정에 따라 작성된 논문 
4. 기타투고: 전망, 해설, 강좌, 기타 원고 등 
……
※ 이하 논문투고 및 발행규정은 한국금형공학회 홈페이지(http://www.ksdme.com/) 참조



홈페이지 : www.omagom.co.kr
문의메일 : support@omagom.co.kr
전화번호 : 042) 822-9501~3

ARAMIS 변형률 측정기(DIC)

3차원 모션 & 변형 분석 시스템

• 실시간 패턴/포인트 추적 분석

• Strength assessment (강도 평가)
• Vibration analysis (진동 분석)
• Durability study (내구성 테스트)
• Crash test (충돌 테스트)

ARGUS 성형 분석 시스템

광학식 판재 성형 분석 시스템

• 기존 Strain Gauge, 변위 센서 대체

• 부품 표면의 Strain
• 변형 (major and minor strain 등)
• 두께 감소율
• Forming Limit Diagram (FLD)

ATOS 3차원 스캐너

독일 GOM사의 혁신적인 3차원 스캐너

• 고품질의 데이터 출력

• 3차원 편차 비교
• 단면, 기하공차, 경향 분석
• 자동화된 PDF 보고서 출력
• Reverse Engineering (역설계)

TRITOP 3차원 변위 측정기

사진 계측법을 이용한 전문 측정기

• 변형 전/후 비교

• 3D 좌표, 변위
• 변형, 굽힘, 비틀림, 처짐(강성측정)
• 회전 각도
• 상대 변위 (Point – Line – Plane)



구축장비 : 총 217종 
 - R&D 지원 장비 
   • 쾌속조형 :  하이브리드금속3D프린터, 풀컬러목업제조기 
   • 정밀가공 : Two-Head(고속가공&지그연삭)복합가공기, 팸토초&5축레이저패턴가공기 
   • 정밀측정 : 초정밀 (0.3 ㎛) 3차원측정기,  초정밀비접촉3차원측정기 
   • 유변물성 : 회전식 점탄성측정기, 고온모세관점도계, 미세만능재료시험기 
   • 사출성형 : 사출압축성형기, 초고가속 사출성형기 
 - Tryout 지원 장비 
   • 사출성형 : 18ton ~850ton 23종 
   • 프 레 스  :  400ton, 800ton, 200Ton(다이스포팅) 
   • 측정가공 : 접촉/비접촉 3차원측정기, 5축가공기, 문형(12.5호기)머시닝센터, 금형수정 범용장비등 
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