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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 PolytechniJ
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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.
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A 2! (seal)

Al 2 (seal)

)
)
Al

(e) Trapezoid

(o) Circle (o) Rectangle (d) Triangle

Fig. 1 Seal and dimple shape
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(a) Uniaxial tension specimen

2t

(b) Biaxial tension specimen
Fig. 2 Uniaxial and biaxial tension specimen

Specimen

(b) Biaxial tension test equipment
Fig. 3 Uniaxial and biaxial tension test equipment

Laser extensometer

Table 1 Tension test conditions

Description Uniaxial test Biaxial test
Strain (%) 5[50 |75 | 25] 50| 75
Def"““(ﬁr‘;i; lengh |5 9 | g5 | 625 | 125 | 1875
Tﬁf}j&ﬁf 10 50
Ga“%gﬂlf)ngm 20 25

Fig. 49} o] k9] AIA3S df o oA
7171 918 Alg dlo|El(Experiment data)S 371513
g ¢, Ta HF0E oA o714 X S
(True stress) o,, % WHE(True strain) €, 7 &%
-2 8(Nominal stress) ,,, 54 %3 E(Nominal strain)
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True data True data

Experiment data

Stress (MPa)

Stress (MPa)

Experiment data

o0 005 of 015 0 025 ) o1 02 03 04 os
Strain Stran

(@) Uniaxial strain 25 % (b) Uniaxial strain 50 %

1
2
= 10 True data § True data
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P’ & Experiment data
£, 5
@ Experiment data
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Strain Strain

(e) Biaxial strain 50 % (f) Biaxial strain 75 %
Fig. 4 Uniaxial and biaxial tension test results
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Mooney-Rivlin 52 7817] 918} Table 29} 7to] Table 33} 7o) Az ch
A5t o] 5 HlolHE &ate] curve fittingdFIT _Au_ D<A Ay ©
P4, D, xP P?
Table 2 Material properties from experiments
Specirmen Strain Mooney-Rivlin Constant (MPa) Table 3 Dimple density, pitch and size formula
(TPU, Hs95) () Cy Cy Cy Description Circle Rectangle
25 76481 | 05743 | -2.2669 Dimple area of ove ()| 4, = D 4= D
Uniaxial + Biaxial | 50 65984 | -15086 | 0.0634 co4
2 2
75 4404 | 03894 | 0.1649 Density D, Z;?; - i;
23 HE U A4l Pitch (mm) = Df‘\/i p e
REol d@ wEE ANE] Sl D) 20, /o
A7 e 7FE ARE Ao, HX|9] ARAAE Lot Dimple size (mm) D, = 2PV D, D,=P{D,
of @tk WEE U, AL Ak Altel % Fels VT
‘JrE‘rLHJ— ATk HE3F Fig 59F 2ol A} Fo]
ZE & FtdAe 43, AR T e Ws FAe 24 ©HES F2 A+ HF
aL %171 ‘fﬂ—coﬂ, LEH Az digh 9 AAE dZ o] F2 X4 Fig 67 o] 9= A7) D,,
ofe A, HE o] D, 9E WE D, AAsgon, |
T = A7) 0.140.05mm, HE 210] 0.0540.025mm, ¥
| A - ‘ | F W% 30£10%0]t) 27), Zol, WiEe] 7)E A
O O OO = et o@ o, 9z ase
— Tt o Tt -+ - 0.05~0.10mm Alo], Zol= PE =)o) Ak Uw
OO

(a) Circle (o) Rectangle
Fig. 5 Variable of circle and rectangle dimple
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il K ool L osms srizae ae Awws meaEEa
N . KS B ISO 79862 6.3MPa 2838151t} Fig. 7(b):
fFearrdoln, ©E ¥ wAl= 0.005mm,
‘ 4 4 AA WA= 0.025mmz & AES &l 3k
. | N AT l\ L | (Finite  Element  Analysis)S  37]  $3H
el e lele]d e lelolel® SOLIDWORKS v. 2020¥} SOLIDWORKS simulation
" . v.2020& AHE-Ste] sl shaith
(o) Triangle (d) Trapezoid
Fig. 6 Dimple model for FEM analysis 26. 7|F x|=o| E M H3}
7 g2l AN dake Fg 83 gov), AY 5
Table 4 Caloulation of dimple pitch 7H&E A HEUE 9 72 Table 59 2th &
p, | b, | p, |Pitchof | Pitchof _}%‘?‘4 TAE AR AbTE] At ze .
SR Gy | | oh | SN TSR SqEle AzAtRlE-AR-47 YHeln 71
A5z NG AnE oz o Fio| Fr}
1 0.05 0.025 20 009 | 0112
2 0.15 0.025 20 0297 | 0335
3 0.05 0.075 20 009 | 0112 |
4 0.15 0.075 20 0297 | 0335 - .
5 0.05 0.025 40 0070 | 0079
6 0.15 0.025 40 0210 | 0237 _ I
; 005 0075 0 0070 0079 - Von mises — o Cird; Contact pressure —
8 0.15 0.075 40 0210 | 0237
9 0.05 0.050 30 0.081 0.091 - Tf’w‘ ‘m‘ :
10 0.15 0.050 30 0243 | 0274 -
1 0.10 0.025 30 0162 | 0.183
12 0.10 0.075 30 0162 | 0.183
3 0.10 0,050 20 0.198 0224 - Von mises - o Rectanél eContact pressure —
14 0.10 0.050 40 0.140 | 0.158
15 0.10 0.050 30 0162 | 0.183

Pressure

Rigid body

(a) Boundary conditions
Fig. 7 Boundary conditions

(o) FE model

- ”
i

- Von mises -

- Von mises -

- Contact pressure —
(c) Triangle

a
m

- Contact pressure —
(d) Trapezoid
Fig. 8 Results of base dimple model



Soig

I AEst = gk §E A7), gol, dxe] AR HE ne=3~53], WA A9 n=123= FE

o] 7] wliteltt. wEhA 71E A|5E uEe R A stk o714, nd QIAFe] F7FEW, naTE & A
DA Adsa, ST El AP net FAAE Folt?,

o HA o] YA iz} st} A% A3l Table 7, 83 2t} BAHoZE f2

g xk= e7ke e A Dy, Dy, D, D*D;

Table 5 Results of base dimple model ole, &Y= A D,, D, D,*D,, D,*D,,

unit = MP, -

[ 4 DD, DD, °It D, A% 0619 %%}

Description | Max. von mises stress | Max. contact pressure X] o) X] n]— WEE 4_7]_ = XH 01_7] EEH-r—Oﬂ Zﬂ 7%

Circle 10.416 11.981 %}‘:— ]X]—O]T;}- 7_}_ _8_?_]_-/] og%}:a_a_ ‘{]_'Erol't_‘ 7]1_
Rectangle 12.019 16.290 & eoslgol pge =)= AR %9]_(—5]_]:]_
Tringl 5509 11710 frelaiA egu}a}% SE Pitsk fAFE a(009)
Trapezoid 9.868 12.682 9] %ALO = H] ;17_3}‘_1:‘13]5 P%ko] 0.05 5]_1;]_ z}q_l_ o

shths A8 QugeY. o] 714, A9 (coefficient) =
2.7. MISEHEAHY T W effect) S WHOE U gho|w, T 3t A4 %
HE-S- 31 A H(Response  Surface Methodology) AFoz Aeg B2 AR the gholth wke-A]ol
- _ - — - 2~ =
F FAFY WAt 98 B Age W TN RIS SEstE 9elE A0), @)%
- SNES A=
Table 63} 2or], W) Aulsrhgest Augz  ¥0 2dE 5 2
FHL FAe2 02 GS A Aotk Ul
HAAE et o] &= f£Fo] HYE 213 4 Table 7 Circle CCD results of von mises stress
7] wjEolt} AE3l4E el e Ay Term Coefficient | SE coefficient | T P
2na7le] & A TIP3l ne=1719 FAHOE o] F Constant 13.4638 03821 35239 | 0.000
oA Z A3 A9 ?% 2n+2natne o]t @A D, -0.8540 02702 3161 | 0010
° © o =X o] Al 5 3]
Aol A @ e Aol aapaeoH, D, 1.6826 02702 6228 | 0.000
D, 1.0707 0.2702 3963 | 0.003
Table 6 Central composite design of circle dimple
D.*D, -1.6146 0.4679 3450 | 0.006
Max. von| Max.
Std Run | s D, D, s || @i YVM=13.4638-0.854 D, +1.6826 D, +1.0707 D
s h P
(mm) (mm) (%) stress | pressure
L) || s -1.6146 D} )
1 0.05 0.025 20 10416 | 11.981
2 0.15 0.025 20 8561 | 13.732 ,
Table 8 Circle CCD results of contact pressure
3 0.05 0.075 20 13707 | 11.878
Term Coefficient SE coefficient T P
4 0.15 0.075 20 10339 | 18286
Constant 18.8936 04113 45935 | 0.000
5 0.05 0.025 40 11172 | 11442
D, 22127 0.2420 9.144 | 0.000

6 0.15 0.025 40 10367 | 15717

; 005 007 m 1659 | 1095 D, 0.6042 0.2420 2497 | 0.041

8 015 | 0075 | 40 | 13625 | 1699 Dy 0125 02420 | 0520 | 0619

9 005 | 0050 30 11682 | 1255 D" D, 4399 04772 9220 | 0.000
10 0.15 0.050 30 12084 | 16209 Dy Dy -2.3904 04772 -5.009 | 0.002
1 0.10 0.025 30 11372 | 15987 D) D, 17411 04772 3648 | 0.008
12 0.10 0.075 30 14504 | 16.793 D*D, 0.8023 0.2706 2.965 0.021
13 0.10 0.050 20 12.818 | 20.764 YCP=18.8936+2.2127 D +0.6042 D}, -0.1259 D,
14 0.10 0.050 40 14.845 | 20279

-4.3999Df-2.3904D,f+1.7411D1?+0.8023DS*D,L

15 0.10 0.050 30 13.780 | 19346 ®
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YVM=10.9091-1.7116 D,+1.026 D, +0.3226 D,

+0.6372D,* D, +0.8077D, * D, ©)
YCP=18.7782+1.6037 D,-0.4774 D, -0.9539 D,
46523 D +33642D; -2.6053 D] (10)

AE HEE A1), (12), A1 A(13), (14)
o} 2t}
YVM=11.1049-1.0276 D, +1.5241 D, +0.5556 D,

-1.20930,2:09279D,* D, (11)
YCP=14.253+0.3209 D,+0.4397 D, -0.9349 D,
-43301D2+2.5609 D} (12)
YVM=11.1896-1.2992 D, +0.6924 D, +0.6498 D,
-1.9502D2+1.364 D} (13)
YCP=19.0616+0.1739 D, +1.4093 D, -0.8108 D,
-3.3855D7-3.063D; (14)

A ©E9] 749 Table 9 Flg 9%} zZt} J] )=

Table 9 Results of response optimization for circle
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uH 9167 N2 Su Lt e e v 8 5420
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(b) Max. contact pressure
Fig. 9 FEM results of circle dimple

AVZE ©E9] A= Table 10, Fig. 103 2t ¥

7}

2= 0.079mme] S Zreth HA o k= Al
Mgt Ak Ad) S7RHE 11352MPa, HH A=
e 9.3884MPa 2+ 97.2%, 98.6%2] A==
HER AT

Table 10 Results of response optimization for rectangle

| & " DS grg[rjn) D%%rg) Dzo(gz) e Ds (mm) Dh (mm) Dp (%)
I . - . Hi 0.150 0.0750 40.0
D cur [0.050] [0.0250] [23.1541] D cdr [0.050] [0.0415] [40.0]
099997 | o 0,050 0.0250 20,0 090400 | 0.050 0.0250 20.0
V.M (MPa V.M (MPa
F A2k | A€
v =10,2877 y =11.680
d =1.0000 d =1.0000
C.P (MPa C.P (MPa
EEary E| =3t
v =10,9908 y =8.5183
d =0,99993 d=081722
D, D, D, M. lax. von [Max. contact D, D, D Max von |Max. contact
@ mises stress | pressure o mises stress | pressure
(mm) (mm) (%) (MPa) (MPa) (mm) (mm) (%) (MPa) (MPa)
0.05 0.025 23.1541 10.2877 10.9908 0.05 0.0415 40 11.68 9.5183
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m
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== =1 e Ae A3} Ao 571388 8.8576MPa, H U %‘jz
T " i SFES 10.097MPaz 212} 96.9%, 95.7%¢] 3=
s E Ut
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025 [e)
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1048

& HeERASITH
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Table 12 Results of response optimization for trapezoid

L B Ds (mm) Dh {mm?) Dp (%)
Hi 0.180 0.0750 40.0
(b) Max. contact pressure D Cur [0.150] [0.0283] [40.0]
) ) 0.99857 | o 0.050 0.0250 20.0
Fig. 10 FEM results of rectangle dimple
V. (MPa
o . = =gt
Table 11 Results of response optimization for triangle 4 =9, 1505
B Ds (mm) Dh (mm) Dp (%) d =1.0000
b cHi [8 158] [Sgggg] [18'81
ur . .
1.0000 | o 0.050 0.0250 20.0 C;;Mai)a
V.M (MPa v =10.6402
E| A~ gt d =0.99314
v =9, 1454
d =1.0000 D, D, D, Max von |Max. contact
o, mises stress | pressure
C.P (MPa (mm) (mm) ( 0) (MPa) (MPa)
2 &g
Y —9.6612 0.15 0.0263 40 9.1595 10.6402
d =1.0000 7
EE |2 (vmm~2 () X Gom) 1Y ~ [
Max. von |Max. contact e oAl von Mises (W2 P
D, Dy Dy | mises stress | pressure e e e
m) mm) % e Son saus
i O O Y0 H =
0.15 0.0383 40 9.1455 | 9.6612 — _ !:
— s
o 185.38 Nimm~2 4 b
o T e -
EE (2 (ymm~2 () xrmw 1 e Niwm~2 0% .
2% B I““
e =S (a) Max. von mises stress
| 'l
3 5 [FE T ez0may G v = |
Czl 16273 :ﬂ:; x = :_42 a.ms P ENmmn 2 (MPaY)
e 2 =2 F-=
s rus  Mezon] | = ras
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A study on carbon composite fabrication using injection/compression molding
and insert-over molding

Eui-Chul Jeong"* - Kyung-hwan Yoon® - Seok-Kwan Hong' - Sang-Yong Lee' - Sung-Hee Lee'

Department of Shape Manufacturing R&D, Korea Institute of Industrial Technology"#
Department of Mechanical Engineering, Dankook University”
(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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Fig. 1 Schematic of compression molding(CM) process

Table 1 Properties of carbon fabric

Model CF 3327
Type of yarn CARBON 3K
Specific weight (g/m?) 208 + 12
Density (count/in) 13
Thickness (mm) 0.27 + 0.05
Average area of porosities (mm?) 0.25
Weave type Plain

Table 2 Properties of matrix (PP)
Characteristics Test method Value
Density (g/cm3) ASTM DI505| 09
MFR (250C, 2.16kg) (¢/10min) |ASTM D1238| 70
Tensile strength at yield (MPa) | ASTM D638 26

Fig. 2 Cross sectional SEM image of compression molded
carbon composites
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Table 3 Comparison of the tensile test results of injection and
compression molded carbon composites' ™

‘ Fiber volume| Maximum tensile
e s fraction strength (MPa) STDEV
Virgin resin 0.000 2841 1.40
rabe TP Sample 1 0.256 84.60 3.09
s Sample 2 0367 144.65 271
] @ Sample 3 0.480 179.27 0.60
o Sample 4 (IM) 0322 35.16 2.10
1
@l 200.0 : . T T T T
Fabrie. Thermoplastic t Pitnboct wzdmun :gzi"uﬁ cM
R (b) (bl Peodfuct —— Samgle ZECM;
—v— Sample 3(CM)
Clearance ) - 150.0 4 —+— Sample 4(IM) J
@ a
@
e \ =
* oduct 2
Thermoplastic Produ _—
e © =8
. . . . " . . .- 50.0 T 7
Fig. 3 Schematic of injection molding process : (a) Injection
molding(IM), (b) Injection compression molding(ICM), (c)
. Insert-over molding(IOM) 0o /

0.000 0.(;05 0.0l10 0.('.;15 O.OIZO 0.(;25 0.(;30 0.035
Strain (mm/mm)

Fig. 5 Comparison of the stress-strain curve of injection

molded and compress molded carbon composites'' @
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Fig. 4 Cross section and surface SEM image of injection A9 A AAES] F/HESE HY A=
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Fig. 6 Pictures of samples made by different process : (a)
Virgin matrix, (b) Injection molding(IM), (c) Insert-over
molding(IOM)

Fig. 7 Cross section and surface SEM image of insert-over
molded carbon composites
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Table 4 Comparison of the tensile test results of injection/
compression molding and insert-over molded carbon

composites
Fiber volume | Maximum tensile
WD fraction strength(MPa) SR
Virgin resin 0.000 2841 1.40
Sample 4 0.345 54.16 0.70
Sample 5
(over molding) 0.334 79.90 0.59

100.0 T T T T

—=— Resin

—e— Sample 4(ICM),
—a— Sample 5(I0M)

80.0 4

%004

Tensile stress(MPa)

200~
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Strain (mm/mm)

8 Comparison of the he stress-strain curve of injection

Jcompression molding and insert-over molded carbon

composites
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Development of high-efficiency heating system using humidifying particles
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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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Table 1 Heat index chart(C)
Relative Humidity(%o)

1;?8‘) 40 (45|50 55[60| 6570 7580859095100

43 [56.6
42 |53.7|57.5
41 150.9[54.3|58.1
40 148.3|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|145.0/47.6/50.3|53.3| 56.5
34 [35.4/36.838.4/40.2|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|140.4|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|129.730.3|31.0|31.8]32.7|33.7|34.7|35.9|37.1|38.4{39.7
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27 [26.9]27.1|127.427.7|28.1|28.5|28.9|29.3|29.730.2{30.7|31.3|31.8
26 [26.226.4|26.6/26.7|26.9|27.1|127.3|27.5|27.7|27.9|28.028.2| 28 .4
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Table 2 Possible impacts of high heat index on human body
(NOAA, 1980)

Categories Heat Index Possible Symptoms

Fatigue with prolonged exposure

26.7~322°C and physical activity

Caution

Sunstroke, Heats cramps and heat

lexhaustion with prolonged exposure

and physical activity under these
conditions

Extreme

Caution 322-406C

Sunstroke, heat cramps or heat
exhaustion are likely. heatstroke
with prolonged exposure and
physical activity

Danger 40.6~54.5C

Extreme Heatstroke or sunstroke are

Danger Over 545C
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Development and evaluation of edge devices for injection molding monitoring

Jong-Sun Kim' - Jun-Han Lee"
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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 Accelerometer MPU-6050 module

Table 1 Specification of MPUB050 sensor module

Specification Value Unit
Interface 12C interface
Measurement range Min. +2, Max. £16 G
Resolution Min. 16384, Max. 2048 |LSB/(degree/s)
Update rate 4~ 1,000 hz

(b=

Accelerometer

¥

Fig. 2 Installation of accelerometer

AT HASole= Fig 39 594 =33 588 A
Rom Zg]ZZFA(HOPLENE J-150, LOTTE
chemical) 7| 2 AFEAE-S 28Tt 7= Al
= ool $-= H E(arduino uno board)ol] 417
sto] Al T 539 E AsE g5k
AP ETAC W2 58] F AE= Figdel
YERATE Fig. 49] 21 2154 21%9] Bish=
89 g, AEAA, RYEE B R, 399
G Aol A dhlElg o B Ao AE AlEA|
2L B3l HtER Al AsE o] &5t &
s EUHPSh

o
ol
2

(b) Fixed base of mold

(a) Movable base of mold
Fig. 3 5 inch LGP mold
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Fig. 6 Temperature sensor DFR0024 module

Table 2 Specification of DFR0024 sensor module

Specification Value Unit
Interface Digital
Measurement range -55 ~ +125 T
Measurement precision 0.5 T
Operation voltage 33~5 \%
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Table 3 Specification of arduino nano board

Specification Value Unit
Microcontroller ATmega328 -
Flash memory 32 KB of \l;/hich 2 KB used by
ootloader
SRAM 2 KB
Clock Speed 16 MHz
Table 4 Specification of arduino nano board
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
3 33 ZUEZ 3F MA
A tlupelze] B4 BUEH A% P F
Fol GE o] 5T JPow AHES A
Astgom oA utelzrt F9S mUEYskE
TAE Fig 90 YERARITE Fig. (a9t 2ol 71
Z 39 E9] N8 Ao RS FY Fud
Y Z Aol 2Fste] Gz E, Al ol

A ON79] el “1” A& 1] 8he] ElH}Olés’J
Ao} mER A%k Fig 9b)e) FelA “17 2
58 A5we A tulolze] Ao nEE: A%
Al 9 AAl AT =2A ATE Hdslo]

U ARYF=E st THRE A el
§ A 7l DR N w
B, RQFER AHe) AE W AEng 353

A AA 7k olge] RS Ao} nER

E

b

<=
HEE
o

o o3l
OH

-l> o o of Pﬂ

oo
U=



AEYYEY ZHEEE

AX| CltojA Hgt o HWo}

ofy
o
2
o
=)
N
I
ki

e
}()11
il
2
oy
_O|L
H
J
i
g
_(:»‘L
R
i)
>
il
o,
odt
ol H

=
2
rr
3
¢
1o
o
g
rg
>
fol

i
2L
2
o
[
u

|

o E

2eEL wde] FeE Al
Fig. 9(d)°F 2ol 53 7 Al
Il EF 71712 ASEes AAE)
2 s A8t

B 772 dE5S

2 ol

A

Q2 oo ok

Mo 1 T oAt

e VN S e 1 [
o

e
2 3R
>
)

2
X
rire

3 Mugnetic part 2 [ ] Edge device : [

Magnetic

(@) Mold closed : detection of magnetic hall signal “On”
H Magnetic part : [ Edge device : ||

Injection molding

i

(b) Injection molding : measurement of acceleration and mold
surface temperature signal
# Mugnetic purt: [ Edge device : [_]

Open

(c) Mold open : detection of magnetic hall signal “Off”

(d) Data transmission by bluetooth module after mold is opened

Fig. 9 Edge device monitoring process according to the
injection molding sequence

4 AX Clufola MAH 3 M=

A4 Tptel st ANY, SR, Aol % 3
A st FYstgon] AT
Wolx Fwl
W] vl

q

==
A=

iy
ogt
o
N
081.'4 jg A, OH'I

e S e I I

4
32,
o
i1
fo

3t
&

80
18.80

-

(a) Dimensions of magnetic part

@9 | l\-lag‘:ellr
Magnetic
\ ©
-

(b) Magnet fixing method in magnetic part
Fig. 10 Design of magnetic part that make up the edge device

@l
,’
Fixed lib

SCERE

AR Hrfolzse] AR =
ol

xHol| sk FER Y] vl
AEAET 5 ol ANE 1AL

ol
A

e

N [y

=
-

_29_



= Fig. 107} 2o] AASIch Fig. 10(2)= A %-<]
A RS JERIo™ Fig 10(b)= Al A
oF A S 2HsGE W Ui BES FIste] o
ERIAT) vl & AlA e} FEAtgete A
AR o] 1A 2] Bfixed lib)2 G E o] Uiy
oA FA UL A= E AASICE A et &
o] xHe BE A4 722 34T F Jd=m A
Akl om Axt2 3D EZYUE|(UP mini 2, Tiertime)
£ AM&3le] ABS(C-21-01, UP Filla) =#]2 71843}
Atk Fig. 116l A2 oA tjupe]ze] A RE
YR Fig. 11(a)s AA3-e] ZapxEl Alo]~
(plastic case)Z WjH-ofl z}Ao] ghAjd 4= ==
e s o AL Fig 11(b)2] kg 7
H(plastic cover)2] #|Ho] AT o] Zelrg 70|
28} A== FejE AT

ar
[}

(a) Plastic case of magnetic part

(b) Plastic cover with fixed magnet of magnetic partt
Fig. 11 Manufactured magnetic part by 3D-print
42. 598

7 Tlufolse] SN FHo] 1S wol

EHe AR|ste] 7hsS wlo] 2~ wwe] AR}
M2 AL - JeF o uie 7h
T AA, 2% A, vkodE &AM 7 91FEk
TA ARE 248 £ AEE Fig 129} o] A4
3kt

— 4B counie

ML TARDP 15

(@) Dimensions of metal cover on which the sensors are fixed

0

Temperature

Accelerometer

D-SUB
connector

(c) Sensor layout in sensing part
Fig. 12 Design of sensing part that make up the edge device

AT A%, FRANA AgsE

Aot 2% AA7E AA 330 ARE FYsiA A
kS AR E MM 58 2H Alole] HY v
NAE Fig. 12 ()2 &% 7AWt Zo] 237 5
o AR AAG Alse] s HAsE
gk Fupg Alo] 2ok 54 Ao HF o= Qg
15.0] 74, 2 d=s HAs] 918 Fig 133
o] T AWl Zekrg o]k Alolo] HE A
B HESHEE M(gap) AAIE AR o
Fig. 149] 759} 53] ¥ Alo]o]
w5 AT FYo| 5T F ARE

Alo] 2= A(gap) AAIS A3k

>,

_30_



x| ClHjo|A 7He & Bt

| BUE2ig

AEYY

Contact area
of bolting
Plastic
case

0.2 mm of gap

Fig. 18 Gap design between metal cover and plastic case

=2
=

3HA 3D
Az ZA4RE Jepfdeh

©
Fig. 15 Manufactured sensing part

Fig. 14 Gap design between plastic case and mold surface
el F4; A KM 34 A4 713 e}

D ZIEE o] g3te] A=ttt Fig. 1590

ol

/\
‘\x

(c) Sensor layout on metal cover of sensing part

4.3. HoiF
oA Hupo] o] Aoj = 5
FHel dAgte] 7452t 71101%
=2 N5l Aol NE2 Aoute ©E Fig
169} o] A TE Fig. 16(a)2] Ao g}
* Y= HZ(arduino nano
E%_q A AT E
[ ==

g Alolzel obFoln
board)E A x|5te] =%
@A ey M° A
BRES cEkE
3= E 7] 7]§ 7@ }
A=) 9} =49 HA
48 3% 5
=3 e s

2ol

of AZreion] Eekae] Aol s A4 Ret Fl

(@) Dimensions of plastic case where the modules of the

control part are placed

(b) Dimensions of plastic cover

Fig. 16 Design of control part that make up the edge device
(continued)

_31_

(b) Plastic case of sensing part
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Fig. 21 Measured and transferred monitoring data

Table 5 Process data calculated from edge device monitoring data

No. Measured data Data value Application Calculation
1 Mold closed 1 (mold closed) - -
. 0, 0, 39, 53 . [N+1] cycle time = [N+1] mold closed time
2 Mold closed time (day, hour, min, sec) Cycle time - [N] mold closed 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

. 0.93:-0.0273 Injection time. TS L : .
3 Accelerat . . X | Injection time and packing time are calculated using the time
celeration (time[sec]:Acceleration[g]) packing time difference between l3alch sgection time. e

- Injection time : Median of V/P switchover 2.10
’]\/{6(1117611 of injection start 0.93
=117s

- Packing time : Median of packin}g end 5.10
- Median of V/P switchover 2.10
=3.00s

Mold surface o
4 temperature 44.56C -
5 Mold open 0 (mold open) -
0. 0. 40. 16 Cooling time = Mold open time - (Mold closed time +
6 Mold open time (R Cooling time Injection time + Packing time +
(day, hour, min, sec) meausrement delay time)
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Table 6 No.2 Injection molding conditions

. .. Value .
Conditions Se-TTNG7 T No3 | Nod [ No.s L
Melt o
temperature] 225 | 225 | 225 | 225 | 225 C
Mold o
temperature] 20 | 50 | S0 | 40 | 40 C
ot mm/s
Ing;ggém 25 20 45 40 30 (screz\asl r(Iilirz;lr)neter

Packing
pressure | 220 | 200 | 200 | 290 | 225 bar
Packin,
e s | 3:00 | 1.00 | 2.00 | 3.00 | 4.00 sec
Cgorg;‘g 15.00 | 25.00 | 30.00 | 30.00 | 35.00 sec

Fig. 26°l+= 7} 43310l gzl o ‘qﬁ}ol/\oﬂ
A AEE ]‘37} 717194 U P s = 2
HE veiglen g ZAIES Table 7H-E
Table 11¢]] 2t ZUE|R] gHol ghA] Aejste] et
ATk

(@ No.1 injection molding conditions 225C of melt
temperature, 50C of mold temperature, 25mm/s of
injection speed, 220 bar of packing pressure, 3.00sec of
packing time, 15.00 sec of cooling time

Fig. 26 Displayed monitoring data transferred from edge device
according to injection molding conditions (continued)
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Table 8 Measured data by edge device for No.2 conditions

Mold | Acceleration time (sec) | Mold Mold
N closed . . surface X
0. | “ime |Imjection| V/P |Packing temperaturl P time
(min, sec)| Start switchover] end o) (min, sec)
. 1 1, 16 0.90 2.35 334 43.94 1, 46
: ¢ 2 1, 56 0.89 | 234 | 335 43.94 2, 26
(b) No2 injection molding conditons : 225C of melt 3 2,36 | 0.87 | 232 | 329 | 44.00 3.6
temperature, 50C of mold temperature, 20 mmys of 4 3, 16 0.85 230 | 331 44.00 347
inject_ion _speed, 200 bar of packing pressure, 1.00sec of 5 3, 56 0.93 2.38 3.38 44.00 4, 27
packing time, 25.00 sec of cooling time 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
Table 9 Measured data by edge device for No.3 conditions
; i Mold Acceleration time (sec) Mold Mold
(©) NoJ3 injection molding conditons : 225C of melt closed | . . .| surface .
temperature, 50°C of mold temperature, 45mmvs of No. time Im;g:.ltonswizh/iver Pagrlféng temperatur] < time
injection speed, 200 bar of packing pressure, 2.00 sec of (min, sec) e(0) (i 559
packing time, 30.00 sec of cooling time 1 1, 0 0.84 1.45 3.42 43.63 1, 35
T 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
s 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 0.86 145 | 343 43.63 5, 21
7 5,31 0.91 1.52 | 3.49 43.63 6, 7
e e e 8 6, 16 0.90 1.5 3.52 43.63 6, 52
(d) No4 injection molding conditons : 225C of melt 9 71 0.86 147 3.46 43.56 737
temperature, 40C of mold temperature, 40mms of 10| 7.47 | 092 | 152 | 352 | 43.56 | 8, 22
injection speed, 290 bar of packing pressure, 3.00 sec of
acking time, 30.00 sec of cooling time ) -
o P 9 ' 9 Table 10 Measured data by edge device for No.4 conditions
Mold Acceleration time (sec) Mold Mold
No. c:ior;zd [njection| V/P | Packing tefll;z:iur open time
(min, sec) start switchover, end «C) (min, sec)
1 50, 2 0.86 1.62 4.58 39.94 50, 39
s : o0 ; s 2 | 50,48 [ 093 | 170 | 466 | 3994 | 51,25
(e) Nob5 injection molding oconditons : 225C of melt 3 51. 35 | 0.90 1.63 4.64 39.94 52, 12
temperature, 40C of mold temperature, 30 mmvs of 4 | 5221 | 0.89 1.62 | 461 39.94 | 52, 58
injection speed, 225bar of packing pressure, 4.00 sec of 5 53, 7 091 1.66 4.65 39.94 53, 44
packing time, 35.00 sec of cooling time 6 | 53,54 ] 094 [ 1.69 | 467 | 4000 | 54. 31
. . L ) 7 54, 40 091 1.66 4.66 39.94 55. 17
Fig. 26 D|sp|ayed momt_onr_]g data t_ransferrec_i_from edge device 3 5527 | 093 169 267 39.94 363
according to injection molding conditions 9 56 13 0.92 1.66 4.65 39.94 36. 50
10 | 56, 59 | 0.86 1.63 | 4.60 39.94 | 57. 36
Table 7 Measured data by edge device for No.1 conditions
Mold | Acceleration time (sec) | Mold | "o Table 11 Measured data by edge device for No.5 conditions
No. cg;ic;d Injection| V/P  |Packing w;l;f;zznomn time Mold | Acceleration time (sec) | Mold Mold
(min, sec)| Start switchover)  end () (min, sec) No. c:ior;zd [njection| V/P |Packing teil;g;;lropen time
T [ 39,53 | 093 | 210 | 510 | 4456 | 40, 16 (min, sec)| St pvitchover end [ e i (min, sec)
2 40, 25 | 091 2.08 5.08 44.56 40, 48 1 44. 13 0.91 1.92 5.88 39.94 44, 56
3 40, 57 0.85 2.02 5.02 44.56 41, 19 2 45, 6 0.87 1.84 5.84 40.00 45, 49
4 | 41,29 | 090 | 206 | 506 | 4456 | 41, 51 3 [4558 | 089 | 1.88 | 584 | 40.00 | 46, 41
5 {4200 | 093 | 212 | 512 | 4463 | 42, 23 4 [ 46,51 | 089 | 1.87 | 585 | 4000 | 47,34
6 0,32 0.94 212 512 4.63 £, 55 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 | 43,04 | 087 | 2.03 | 503 | 4463 | 43, 27 7 | 49,29 | 091 | 1.87 | 588 | 4000 | 50, 12
8 43,36 | 090 | 207 | 507 | 44.63 | 43, 58 8 [50,21 [ 093 | 1.89 | 589 | 40.06 | 51,4
9 44, 08 0.86 2.03 5.03 44.63 44, 30 9 51, 14 0.93 1.91 5.89 40.06 51, 57
10 | 44,40 | 0.87 | 2.05 | 5.05 44.63 | 45, 02 10 | 52,6 0.92 1.93 5.89 40.06 | 52, 50
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Table 12 Compared data from edge device and injection molding machine (No.1 conditions)

Process(cycle) time(sec)

Injection time(sec)

Packing time(sec) Cooling time(sec)

No. C{Ed_ge IIIrllj(icdtllr(l)g YoError Ed_ge Irrrllj(fl((:itilr(l);1 %Error Ed_ge Irlrlljcj)lcdtllr?g YoError Edge Irrrll']()el((:itilr(l);1 YoError
VIE® | machine deies machine devtes machine deies machine
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
Table 13 Compared data from edge device and injection molding machine (No.2 conditions)
Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)
No (;Edge IrIrli](icdtllr(l);l YError Edge irrli](;((;itilr?;l Y%Error Edge Irrrlilcicdtllr(l);l YError Edge Il?ljoel((:itilr?;l Y%Error
evice | - hine device machine device machine device machine
1 40 40.09 0.22 1.46 145 0.69 0.99 1.00 1.00 26.55 25.00 6.20
2 40 40.10 0.25 143 145 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 1.44 145 0.69 1.00 1.00 0.50 26.57 25.00 6.26
8 40 40.10 0.25 143 145 1.38 1.00 1.00 0.00 26.57 25.00 6.28
9 40 40.09 0.22 1.47 145 1.38 0.96 1.00 4.50 26.58 25.00 6.30
10 40 40.09 0.22 143 145 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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Table 14 Compared data from edge device and injection molding machine

(No.3 cond

itions)

Process(cycle) time(sec)

Injection time(sec)

Packing time(sec)

Cooling time(sec)

No. (f/dge Irlxlilgdtllr?; Y%Error Edge Ir?(ixt?g %Error Edge Irlllilcicdtllr?g Y%Error Edge II:li](i(zit;r(l)g %Error
eVICE | achine ey machine el machine e machine
1 45 45.24 0.53 0.61 0.60 1.67 1.97 2.00 1.75 31.43 30.00 475
2 45 4523 0.51 0.61 0.60 1.67 1.95 2.00 2.50 3244 30.00 8.13
3 45 45.24 0.53 0.62 0.60 3.33 1.95 2.00 2.75 3244 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 3242 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 4524 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 4524 0.76 0.61 0.60 1.83 1.98 2.00 1.25 32.01 30.00 6.71
Table 15 Compared data from edge device and injection molding machine (No.4 conditions)
Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)
No fdge Ir?ilcicdtllr(l)g Y%Error Edge Ir?lj(;el((:itilt(l);l %Error Edge gli](icd?r?g Y%Error Edge Irfrllj(;((;itilgg %Error
CVICE | achine e machine e machine oo machine
1 46 46.38 0.82 0.76 0.74 2.70 2.96 3.00 1.33 32.28 30.00 7.60
2 47 46.38 1.34 0.77 0.74 4.05 2.96 3.00 1.33 3227 30.00 757
3 46 46.38 0.82 0.73 0.74 1.35 3.01 3.00 0.33 32.26 30.00 7.53
4 46 46.38 0.82 0.73 0.74 1.35 2.99 3.00 0.33 32.28 30.00 7.60
5 47 46.38 1.34 0.75 0.74 1.35 2.99 3.00 0.33 32.26 30.00 7.53
6 46 46.38 0.80 0.75 0.74 1.35 2.98 3.00 0.67 32.27 30.00 757
7 47 46.38 1.34 0.75 0.74 1.35 3.00 3.00 0.00 32.25 30.00 7.50
8 46 46.38 0.82 0.76 0.74 2.70 2.98 3.00 0.67 31.26 30.00 4.20
9 46 46.38 0.82 0.74 0.74 0.00 2.99 3.00 0.33 32.27 30.00 757
10 47 46.38 1.34 0.77 0.74 4.05 297 3.00 1.00 32.26 30.00 753
Avg, 46 46.38 1.03 0.75 0.74 2.03 2.98 3.00 0.63 32.17 30.00 7.22
Table 16 Compared data from edge device and injection molding machine (No.5 conditions)
Process(cycle) time(sec) Injection time(sec) Packing time(sec) Cooling time(sec)
No. C{E/d_ge IrIrlljcicdtllr?;l Y%Error Ed_ge innj(fl((:itilr(l);l Y%Error Ed_ge IrIIlljcicdtllr(l){l;1 Y%Error Edge Ilrlm(;(;itilr?; Y%Error
VICE | achine derie machine devtes machine deries machine
1 53 52.61 0.74 1.01 0.97 4.12 3.96 4.00 1.00 37.03 35.00 5.80
2 52 52.61 1.16 0.97 0.97 0.00 4.00 4.00 0.00 37.03 35.00 5.80
3 53 52.60 0.76 0.99 0.97 2.06 3.96 4.00 1.00 37.05 35.00 5.86
4 52 52.61 1.16 0.98 0.97 1.03 3.98 4.00 0.50 37.04 35.00 5.83
5 53 52.61 0.74 0.96 0.97 1.03 4.00 4.00 0.00 37.04 35.00 5.83
6 53 52.61 0.74 0.98 0.97 1.03 3.96 4.00 0.50 37.06 35.00 5.89
7 52 52.61 1.16 0.96 0.97 1.03 4.01 4.00 0.25 37.03 35.00 5.80
8 53 52.61 0.74 0.96 0.97 1.03 4.00 4.00 0.00 37.04 35.00 5.83
9 52 52.61 1.16 0.98 0.97 1.03 3.98 4.00 0.50 37.04 35.00 5.83
10 53 52.61 0.71 1.01 0.97 4.12 3.96 4.00 1.00 38.03 35.00 8.66
Avg. 53 52.61 091 0.98 0.97 1.65 3.98 4.00 0.48 37.14 35.00 6.11
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A study on the estimation of impact velocity of crashed vehicles
in tunnel using computer simulation(PC-CRASH)

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

Department of Electronic Engineering, Sangji UniversityJr
(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 Okm/h or 30knvh 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 Waords: PC-CRASH, Collision Velocity, Final Position, Prediction Model, Accident Reconstruction
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START VALUES Zlol= | AR
Velocity magnitude v [km/h] 90 100
Heading angle [° ] 0.71 5.20
Velocity direction 3[° ] 0.71 5.20
Yaw velocity [rad/s] 0.00 0.00
Center of gravity = [m] 35.54 29.92
Center of gravity y[m] -1.44 -1.35
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Analysis of friction stir welding characteristics of aluminum alloy using
machining center

Young-Chun Seung' + Kyoung-Do Park’ - Chun-Kyu Lee'
Department of Metal Mold Design Engineering, Kongju National Universityl’T
Department of Computer Applied Mechanical Design, Hwaseong Campus of Korea Polytechnic colleges®
(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 mmymin and a tool rotation speed
of 3000rpm.

Key Words: Friction stir welding, Aluminum alloy, Machining center, Tensile test
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mm 2 AZEFA

5.0,

Experimental conditions Fig. 2 Friction stir welding tool
Factor
Level 1 Level 2 Level 3 Table 2 Tool dimensions and specifications
mnﬂign;p?g 100 200 300 lE5i0 il
’ Shoulder diameter (mm) 16.0
Rotation speed - .
(rpm), (B) 1000 2000 3000 Pin root diameter (mm) 4.0
Pin length (mm) 1.5
292 AISZ}x| Material STD61 (tool steel)
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Table 3 Chemical composition of AAGOGT-TBWt%)

Al | a | Ti | Mn | Fe | Si | cu | Mg

bal. 035 | 015 | 015 | 0.70 04 0.15 1.2

Table 4 Mechanical properties of AAGDG1-T6

Tensile strength| Yield strength Hardness Elongation
(MPa) (MPa) (Hy) (%)
310 276 107 17
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Table 5 Tensile strengths of all experimental conditions

Factors Tensile strength(MPa)
No. W/S R/S
(mm/min), (&) (pm), (B) | O | Case2 | Casel
1 100 1000 242,62 | 233.43 248.55
2 100 2000 246.17 | 227.05 | 240.90
3 100 3000 25453 | 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
300,00
280,00

260.00

240,60

Tensile Strength{VMPa)

220,00

200.00
1000 2000 3000 | 1000
(Ris)
100

(Wis)

2000 3000 | 1000
(R/s)
200
(Wis)

Welding Factors

300

(Wis)

B CASE1 W CASEZ ™ CASE3
Fig. 8 Tensile strengths of all experimental conditions
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Factors
No. Weld section
A | B
1| 100 [1000|f
2 | 100 |2000|"
3| 100 {3000
4 | 200 1000
5 | 200 {2000
6 | 200 3000
7 | 300 [1000 [
8 | 300 |2000
9 | 300 3000

1) &9 o°]$%% 100 mm/min, 200
mm/min, 300 mm/min W e} T 3| HEH
1000 rpm, 2000 rpm, 3000 rpm =7 R E
ol A Fek Akl gk & B
Agto] WAEA] e Aoz uFHAL)

2) &9 100 mm/min, 200
mm/min, 300 mm/min Z}Z}e] ZAoA T
3144 =7} 1000 rpm, 2000 rpm, 3000 rpm O &
ST E SR AFA=E TUEhe
Bas e ATH

3) 7Y o]$4%E 300 mm/min 3-7-2] 3]

I~ I~
o] FEE

I~
=5

3000 rpm Z9o] oA &RFE =T}
291.19 MPaiz A 71 = yepston, maj 177t

Eo] ¢F 04 %2 Fhs YERNATE
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A study on the reduction of blow hole defects in aluminum sand casting

Dong-Youn Lee' + Chun-Kyu Lee'

Department of Metal Mold Design Engineering, Kongju National Um'versity”
(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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Fig. 6 Specimen for material analysis

Table 2 Analysis of the components contained in the specimen

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

Table 3 Analysis of ingredients after melting

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

2.6. HZEH =

588 B3A AlES ARl on, $aAIH
oF 1549 A&t Ayt 3 AR ARSI Th

IME HF2 A A Al 483 55 312l
AE1EO XEFL 1.012, YE& 1,011, Z52 1.019
Zyzto| wigkol] w2 o] 3t FHES X851 A
9] AzF Al @A) QIME sho]z o] 7HA S

2

Fig. 7 Sand Mold Assembly (Check the temperature of the
insert part)

Fig. 74 20] 4199 §8% 783} shol=
w2 Qg B 91go] o], 49

AA A

Aol ZHIAAAA Y FEe] g ofF

25kl A7t §A5 RIsHHA 2HS
ow, Fig. 83} o] 8] Al &FulE g3l =9
EE 836601 T)2 He7
s gRd 5 9

ok Al Awel gt 2 7ArES
2] &7 AC4AC T6 Typee] A& 7Pl
dAE F A= 4L 535 AAEh

XN
ofo
ol
ol
2
e
_}]‘_c‘

Fig. 10 AC4AC T6 Heat treatment
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A study on structural stability of Backgrinding equipment using finite element
analysis

Eun-Chan Wi"? + Min-Sung Ko' + Hyun-Jeong Kim' - Sung-Chul Kim’ -
Joo-Hyung Lee’ - Seung-Yub Baek
Department of Mechanical Convergence Engineering, Induk Universityl’ar
AM Technology Co.,Ltd?
Department of Mechanical Design and Robot Engineering, Seoul National University of Science&Technology’
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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 um. 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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Fig. 3 Materials applied for backgrinding equipment model

Table 1 Material properties

Gray Cast AISI Aluminum | Stainless
Iron 1045 Steel Alloy Steel
Density | 7200 kg/nt | 7870 kgt | 2770 kgt | 7750 kg/n?
VWSS | 110 GPa | 200 GPa | 71 GPa | 193 GPa
Poisson's
Ratio 0.28 0.29 0.33 0.31
Fig. 2+ mesh7} A4 E wiaglely A ndS
Uehf o Qlom, 7F x5 ko] HE 1L 7

E 7] AT 2 A5
Frictionless =71 0.2 A48} 11, Fig. 3& Wl ze}el
9 4] 2l 289 AdS Yehla 9lom, 7t
Zyo]l F-z&Eo& Gray Cast Iron, Aluminum Alloy,
Stainless Steel, AISI 1045 Steel &S #-83}% 11,

Table 12> 7+ 2| e] &42& YRS
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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 Lee' - Yong-Jun Jeon’ - Hoon Cho’ - Dong-Earn Kim'
Department of Automotive Engineering, Kookmin University'
Shape Manufacturing R&D Department, Korea Institute of Industrial Technologyz'*
(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

Key Words: CFRP patchwork, Flexible mold, Undercut,
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A study on the manufacturing of metal/plastic multi-components
using the DSI molding
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Shape Manufacturing R&D Department, Korea Institute of Industrial Technologyz’Jr
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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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Table 1 Results of electro conductivity

Sheet resistivity [$/[]] | Electrical conductivity[S-m]

] 0.229 2.18E+06
Spe[i‘]ne“ 0.176 2.84E+06
0.184 2.72E+06

] 0.194 2.58E+06
Spe[cg]“e“ 0307 1.63 E+06
0212 236 E+06

] 0.159 3.15 E+06
Spe[cc“]“e“ 0243 2.05 E+06
0229 2.18 E+06

] 0211 237 E+06
Spe[%*]nen 0208 241 E+06
0.172 291 E+06

_75_



N

ShA{R) - Az - Dol

Foln #4 AR
o A716% AEA

pu
fu

2mmx3.2mm  A3E 2.8mmx2.8mm

ARF tjstel WS s, gl AHg

Fig. 10(a)=

zjoko.

T H

bk

0.4 volt® A&}

54| 57.8mm(HH

o
EAE

o
o

R

£

& gjlo] Stk 3k Fig. 10(b)$F 2ol

ARG} AGe ol §3te] & mARe

161.9mm(Ha%: 2.8mmx2.8mm)S ZH=
ol vigk H7)-8F B7hE sk

Belold A 34 =Ae] A
= geggion], il Felel 4FE wvh

=
L5

o Ao} AF-guo] F7hEo] WA Lws}

Ao JhetEr)

[e)

ok

i)

o] 718
ZEE 9 40T
daA Al =
A el HuleE=rt 40T

zo)al

3 T

Fig. 10 Comparison of thermal camera image and simulated

temperature  distribution;
3.2mmx3.2mm, flow length: 57.8mm, (b) Cross-section
area: 2.8mm>2.8mm, flow length: 161.9mm

@

4. ZE

Cross—section  area:

S 9% 7IE Foay AEAEV AH 55
S A83}7] 93k Cold chamber ¥4 9] tho]7|~H
2E 2 53 AY9S 93 DSI 9S /fateqit
Med DSI 58S AMEsto] w4 EARE 2
ZelE 53 AES dYstden XeAgEs, A
718 54 H7E st

1) 55/Z828 534S % DSI 58S
Azsld o, Fekag Al 4y & AgH 55
A Al e A BAE fske] EEkeag AE
T g Ftel] HulRE Qe Ad FAN-E Al
2t 54 e A A 9 T34 AR A
FAHAUEE g AL 5 Uik

B o
Do

g J

ki

N

1-(\)-4

=S

e AL Feld 4= Ak

3) AFE AGH 55 AHERE Hrhe
AlHE Al&Fste] 4-probe 1S THALEA
AHEste]l W AgS Sdstal
S AHEsle] AAghs =& A
2 245%106 S/mS 2+ S

4) Y FE/ZekrE AEFE
AR A7 8HS SAs] st ARdF
A7tste] dsby hdErE ARg-ste] B
A @A 32mmx3.2mmell A 2F 401
8mmx2.8mmeol| A= 2F 53C7F HAlsk= A
R, Y AFHLE ol &t H7

gl

L N
[

s 11
ol

e N

2o R o

S~

o
i o
&

o (2 rlo M

N
-

2
(TSTNY

O

Lo

X

¢

Iy T

0%
ol
rir

=13
=

PAURIeS J&g rER
tlo
o
ol
o
2
off
o,
o
z
e
rlo
H
N
A

o oo
oy oX,

x
%0
52
o

2 odTe ARG e AR s
Akl el A A(FAH T 10077472, 20004272)0.%2 71
P AFH T

ikl
ok

S

1) Leo Hoffmann, Birgit Faist, Kim Kose, Fred
Eggers, hite, Laser-Supported Production. 10(1) pp.
44-49, 2017.

_76_



DS 4%2 olg3t B4/E2

2) Hanna Paul, Michael Luke, Frank Henning, J.
Plastics Technology. 10(4) pp. 118-141, 2014.

3) Christian Hopmann, Julian  Schild, Simon
Waurzbacher, A. Erman Tekkaya and Sigrid Hess,
“Combination technology of deep drawing and
back-moulding for plastic/metal hybrid
components”, J Polym Eng 2017.

4) Fuminobu Kimura, Shotaro Kadoya, and Yusuke
Kajihara, “Effects of molding conditions on
injection molded direct joining under various
surface fine-structuring”, The international Journal
of Advanced Manufacturing Technology, 101, pp.
2703-2712, 2019.

5) R. Boros, P. Kannan Rajamani, J. G. Kovacs,
“Combination of 3D printing and injection molding:
Overmolding and overprinting”, eXPRESS Polymer
Letters, Vol. 13, No. 10, pp. 889-897, 2019.

6) Pan Zhang, Jing Chen, Xiumin Chen, Cha Li,
Youbing Li, Chaolong Yang, and Tian Xia, “Study
on integrally molded PA6/304 stainless steel by
micro-nano  pressing technology”, Journal of
Adhesion Science and Technology.

7) Walter Michaeli, Christian Hopmann, Jan Fragner,
and Tobias Pfefferkorn, “Injection molding of
conductor paths: integration of functionality by the
use of a metal/thermoplastic hybrid material”, J.
Polym. Eng., 31, pp. 479-487, 2011.

8) Christian Hopmann, Kirsten Bobzin, Roman
Schoeldgen, Mehmet Oete, Johannes Wunderle,
Thomas F. Linke and Philipp Ochotta, “IMKS and
IMMS: two methods for the production of plastic
parts featuring metallic areas”, J. Polym. Eng, 2015.

AR 27

5} A A (Seok-Jae Ha) (A3 l]
' = * 20153 8¢ : <Ishr|ar

71A1E 8 (FEHAD

e 20154 99 ~2017d 1€ : 21318}
AL ke 7 A Ed T A, vt
AT

o 20171 29~20208 29 : F=AL
7k BT, AT

o 202041 3¥~&A : FstEelollor
o] R&DAIE], AT4%

I

< By >

CAD/CAM, vlo]ZL& 217}, Maskless Lithography

AW

(Baeg-Soon Cha) [A 3] 4]

01996 119: 5 Bl
71AE 8 (33D

019993 10€9~3AL: =L ]E o
T A

Bl (Young-Bae Ko) [A 3 4]

% o 2001 8¢Y: Flugtul 7] A1Tstt
(FAIAD

o 20034 5€~AA: A <
T4 FAAT

_77_



Aedd BI2YFUY A7LAFE
A7d 20143 01€ 01

N 20163 03€¥ 01
WA 20163 129 27

B AaarAelst “Felargrolet k) 2 83 Fd(olst 3ol ¥
thool o g Agds Fde= AN AAF & A&l A V=S f
o

A LEHA &2 AdES gASE
http://publicationethics.org/resources/international —standards—for—editors—and—authors
(7B 2016. 03. 01.)

ot
o
=)
i
ul

A2z (T H8H9)

© o] FAL st WEHE WE &4 D SFEvE, AEAY, 4AH, £

5 oteds Al 4gach
@ o] F4e 9 FETEIN BAW AR, AAAL, DAY, AT AR A
2% A ga
@ 716 Sl Al AA e WAL WP D WU AT A4S T4
F 9
AR .

¥ o]3} ATF&ITAL IFFH T T oA (http://www.ksdme.com/) F=



A4 2014d 014 01¢

N4 201649 129 274

N7 20199 029 264

A1z(EH)

ol

AlA el

kel Ae A4z A3

Ay
ki3

3% g

238’ (o)3h 3}
3 8h31'e

[}

T

el

| e A

o

=1
=

T

59

o} ) =

s

F9314'()

el
ToR

ruge]

el
;OO

ol

=

A2Z(F2A)

1

;.OL

1o]o]of

A1ARE 8] 319

Tl
=

A A}

of o] =

T At

[oi3
=

1
R

2

s

NE

Np

R &

39

A 3Z(

N

2
B
3
T
il
=
=
o
AR
H
o}
‘No
o -
T
rulC
B A
£
&S
ol RO
el
= 3
o
% S
X
I
of
i
IS
Ea
jor
_UE
o A
T W

A4z (AT

il
AL

0
i

Mo

el €]

o
Rl

7
B/

2
—
fite)
;OD
B

el

5
“

ot

& ygolojo}

el TRHA %

=
pu—

am o

=

3

o
H
/g
el
el

Nl

¥ o] A (http://www.ksdme.com/) FZ

ol
A=

TP AT TEI



ATOS 3xrat AL

=2 GOMALQ| s4AIK01 3xHA AFHLA
- JZZ0| HIOIE &=

3xF Ext Hld

tH, Jlotaxt, def 2

A=tz POF HJM £

- Reverse Englneerlng (%1AH)

ARAMIS waig 2571(DIC)

339 OM & B3 B A
- MAIZH IHE1/ZOIE £

_—T

+ Strength assessment (2 Z7I)
« Vibration analysis (IS EA)
Durability study (LH"“ HIAE)
Crash test (£ HIAE)

ARGUS ## g2u jAs

FA

o
ol

IEJ

T M3 EM AIAR

Z Strain Gauge, H9| MM [HA
HE I0MO| Strain

&l (maJjor and minor strain S)
5Dil UAE

+ Forming Limit Diagram (FLD)

Strain 9 74 YA§ ¥E

{10 X| : www.omagom.co.kr
|0 2 : support@omagom.co.kr
FHS - 042) 822-9501~3

TRITOP 3xtea we 557

ARHIERE Ol1get M= Y

- Ha M/5 HI
- 30 AHE, 9|
- Hd, =8l HISE, MA(ZAEY)

-] P el =
« AH B49] (Point — Line — Plane)

SQm ‘ certified

partner



(N Bazess
Korea Mold Center

:11,758m', ZASHEHE 9,036m')
HDS(RIAMUE, RIsHS] JISRIFS(RIANS), ZHAS (KA E)

AL, ZIS7HEx|E, 2 HEX|H

I*— 2 7|& II~°-J[one stop solution & 5""5%']

5]
o FEE - oM A FEVIS - £ S 3T DAIE one-stop ZERXIEAA 1=
=1

- SEYAIS| SHRADHAIY XIH, M2 YYS ATt n]EH I YUZSX|H

o o2 S A2 Y LAY SRS AR

« T SYXIBMES| | - 012 DB S SEEEY 78S Sot FFEE 7Is +Y
EE*XH;” - X 217=
- R&D X| 9l EHH|

- HSZH : sjo|HEEF43DTA, EYSYHET|

e MAUJIE : Two-Head(D £ 713 &X| 1HANESHIE 7|, HE XS O|MI|EI 712 7|

o MOlxx . xMal (0.3 pm) 3XFASH 7|, XHUH|HE3XAEHT|

- fHEM :§I’.‘_1¢.' HEMdEH7|, D22 MIZEHEA, O[M| TSIl AIE 7|
 AHEEY  AEYFEYY|, 2075 AHEEYE|
- Tryout X| &l ZH|
« A=A 4 : 18ton ~850ton 23
« I | A : 400ton, 800ton, 200Ton(C}O| A ZE)
« ZHILE  WEH/MIPE XAFE, 557137|, 21252 7))HASAHE, 3+ HEEH|S

Oﬂ&‘?'&xrﬁs‘- uafrfr%“i'li ran[asb - KIaT @g;ppmgﬂ*m QKITEACH

BERK|%} B4 TGS BRYNI ST

TIIVME 27| EHA| MR THZ 64(RQHE)  TEL : 032-679-3900



e}m)

K
o

olsH(

gl ok

=71AA 1Y)

JHIoTR =)

KE

(&

554

x5 o A ((

= 9

JAle1g )

KE

AR R

A
a

T

ol

K-

o

FAAR(E

O] A}

Cla

Aol At

7180l A}

—

K

vl

(&)

=

<+

K

®O

)

o

T4 @
K| o

ENES

G

N D

clo Bo

o T

7 <

o &

) ~

of T

& 2

= o)

KE OF

8o of

KO 50

m

i

S

2

o

o

.ﬂ —_

ENCS

i

g3

BO ok

ANl

CHcH
b
X
2
ol
=

Co<d

913

H

(ZX]otzf)

To
X|o

Z)

=3

21X 143 mN4

=4 =y =
=

==

o

o
of0
KO
T
o
<f
Il
4
o
of
= £
W 8
<o
© o £
Hoo g
I
AL EE
=22 =
S==
338w
A <lS
=]
K i &7 o




