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(EN) Components
Extraction arm 3 m
Extraction hood
Spark protection plate
Filter Cartridge

Dust receptacle

Fan and fan motor
Control panel
Compressed air gun

PR Gk et B

Fume temperature max. 60 °C

Material recyeling

959 per weigh**=**

Nowse level T2AB(A)T

Hose dimension (air gun) i

max. +60 °C
959 per weight=+=+
T2.dBA)

38"

Welding fume

Welding fume

Application

8 1-8. 8M o483 Ao A=

Welding fume

23 7tA(Welding Fume) X8 &%
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=4} 55 7.0 6.0 95
11.25 4.5 = 1-2
Bt 35 6.0 - -
4.5 4.5 6.0 8.0 1.0
9.0 . 6.0 12.0 8.5 12.0
16.0 T 5.5 7.0 9.0 12.0
25.0 6.0 8.0 9.0 12.0
15.00 2-3
45 3.0 6.0 - -
9, = 7.0 -~ =
0 Gl
16.0 5.0 8.0 - —
25.0 6.0 9.0 - =
45 4.0 6.0 8.0 12.0
9.0 Zu 45 6.0 9.0 15.0
16.0 4.5 6.0 10.0 15.0
20,00 4-5
4.5 6.5 14.0 - —
9.0 St 7.0 10.0 = =
15.0 8.0 10.0 - ~
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of 2 STE JIHY NME =Atet 2t T ST 2tHolM UM 7o 7tHd=2 offe
of galgh &= US

H 2-12. 2 338 1AF 719d XA

M7= T2 BXpx
AEZE (C8H8)n
LY EE C6.3H7.1NO2.1
THE XY ZL|EHZ (C2H4)n
NRYTH2xY C5H8
SRz C10H20(CO)2(NH)2
LY =X et CH20
S P E o B NH2COOC2H5
sho} CH20
=X
ALtR C20H3002
ME 22 Zd2 2 AFEHAAM 7|& AFTA 3 Zalo| u2tM Algst 23 ckSo)
I EMs 24513 3.

NRYTEH2
PE SutPE SeupE | i 2oag il
SHH A AKX =
(28 0l 4 24 ) % )
FHALS
== HF-1 HFB HF-1 -
(HF-1)
Peak HRR
<300 609 585 178 81
Total HRR <83 62.29 45.52 44.67 34.33
Total Smoke
<500 421 751 213 0 NFPA 274
Flame Height
<0.3 >0.3 >0.3 >0.3 <0.3
Max. Temp.
<538 922 907 517 194
EN 13501-1 Class E Class E Class C Class A2
HASZ
ASTM E84 Class C - Class A
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(4) A=t 7| 7HH=

= AA et 7|H Tted=2 olfo| mel #o| FElg

HE2-14. 72 S8 A F

AN 7tH=

AMLE (Thinner)
I RE

|

S8 (Kerosine)
a5
27t
22| x|
ESESYN|

(6) 23ty =4 AR 75

E 2-15. JMHEAN FR 71HE & E3Ey

7td Ay
A=
C7H8

CH4
CH4
C16H2204
(C2H40)n RO

C15H1602
C5H11NOZS

=@z d =) 23 K=

Thermo-Chemical [Unit] styrofoam diesel acetylene Steel
Properties [6.1-5.2] [5.1, 5.5] [5.1-5.2] [5.1-5.2]
Absorp.Coefficient m-1 (C8H8) n C4H10 C3H8 CH4
Activation Energy, E | (10-5 cal.) N/A N/A N/A N/A
Auto ignition Temp. T N/A 405-761 504-557 210
Boiling Temp. T N/A -0.5 -42.1 304 - 574
Che. Structure [-] (C8H8)n (5.1) C4H10 C3H8 N/A
Conductivity W/m/K 0.033 N/A 0.02 0.15
Density kg/m3 1050 578.8 500.5 780-810
Emissivity (-] N/A N/A N/A N/A
Heat of Comb. kd/kg 39200 49501 46300 43100
Heat of Reac. kJ/kg N/A N/A N/A N/A
Heat of Vapori. kJ/kg N/A N/A 425.5 290.8
Melting Temp. T N/A N/A N/A N/A
Molecular Weight kg/kmole 104.1 58.124 44.094 154.0
Ref. Rate s—1 N/A N/A N/A N/A
Reference Temp. (¢ N/A N/A N/A N/A
Specific Heat kd/ka/K 1.11 1.67 1.67 2.01
Yield_CO a/g 0.06 0.007 0.005 0.012
Yield_Soot a/g 0.20 0.029 0.024 0.042
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B 2-16. BEBA TR JIHE U N BY (NI TE) MY K=
Thermo—Chemical [Unit] styrofoam diesel acetylene Steel
Properties [5.1-5.2] [5.1, 5.5] [5.1-5.2] [56.1-5.2]
Absorp.Coefficient m-1 (C8H8) n CH4 C2H2 Fe
Activation Energy, E (10-5 cal.) N/A N/A N/A N/A
Auto ignition Temp. T N/A 210TC 305-581 N/A
Boiling Temp. c N/A 250~350 -84 N/A
Che. Structure [-1] (C8H8)n (5.1) N/A C2H2 N/A
Conductivity W/m/K 0.033 0.13 0.02 45.8
Density kg/m3 1050 820-845 1.092 7850
Emissivity [-] N/A N/A N/A 0.85
Heat of Comb. kd/kg 39200 N/A 49923 N/A
Heat of Reac. kJ/kg N/A N/A N/A N/A
Heat of Vapori. kJ/kg N/A N/A N/A N/A
Melting Temp. T N/A N/A N/A 1510
Molecular Weight ka/kmole 104.1 N/A 26.04 N/A
Ref. Rate s—1 N/A N/A N/A N/A
Reference Temp. T N/A N/A N/A N/A
Specific Heat kd/kg/K 1.11 1.55 1.674 0.49
Yield_CO a/g 0.06 0.05 0.042 N/A
Yield_Soot a/g 0.20 N/A 0.096 N/A
B 2-17. 4] & WEISAI F2 7IHE & S S4(Eex=d £8) &3 X2
Thermo—Chemical [Unit] LPG Butane gas epoxy Urethane foam
Properties [5.1-5.2] [5.1-5.3] [5.1-5.2] [5.1-5.2, 5.6]
Absorp.Coefficient m-1 C3H8 C4H10 C15H1602 CH1.800.30N0.05
Activation Energy, E (10-5 cal.) N/A N/A 2.564 24.5
Auto ignition Temp. T 455-851 218 429.3 N/A
Boiling Temp. T -42 .1 -0.5 N/A N/A
Che. Structure [-] C3H8 C4H10 CH1.300.20 CH1.7400.323 N0.0698
Conductivity W/m/K 0.02 0.017 0.35 0.02
Density kg/m3 500.5 2.4 2137 N/A
Emissivity (-] N/A N/A N/A N/A
Heat of Comb. kJ/kg 50329 49501 28800 26200
Heat of Reac. kJ/kg N/A N/A N/A N/A
Heat of Vapori. kJ/kg N/A N/A N/A N/A
Melting Temp. N/A N/A N/A N/A
Molecular Weight kg/kmole 44094 N/A N/A N/A
Ref. Rate s—1 N/A N/A N/A N/A
Reference Temp. T N/A N/A N/A N/A
Specific Heat kd/kg/K 1.67 1.67 IN/A 0.021
Yield_CO a/g 0.005 0.007 0.086 N/A
Yield_Soot a/g 0.024 0.029 0.098 N/A
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H 2-18. Oi43SA & J[EL F2 It

= % g3Ey 29 (H3zd Zg) 48 KB

Thermo—Chemical [Unit] Felt wood polyethylene foam PVC
Properties [5.1-5.2] [5.1-5.71 [5.1-5.7] [5.1-5.2, 5.7]
Absorp.Coefficient m—1 N/A N/A N/A 2145
Activation Energy, E (10-5 cal.) 385 10.09 N/A 3.292
Auto ignition Temp. T N/A 280 N/A 468.6
Boiling Temp. T N/A N/A N/A N/A
Che. Structure [-] N/A CH1',\T§%S'323 CH1.5CI0.5 C2H3Cl
Conductivity W/m/K 0.07 0.25 0.04 0.19
Density kg/m3 130-200 420-540 20 1360
Emissivity (-] N/A N/A N/A 0.93
Heat of Comb. kd/kg N/A 24600 42000 25100
Heat of Reac. kJ/kg N/A 600 920 170
Heat of Vapori. kJ/kg N/A N/A N/A N/A
Melting Temp. T N/A N/A 105-125 N/A
Molecular Weight kg/kmole N/A N/A N/A N/A
Ref. Rate s—1 N/A 0.0055 0.005 0.005
Reference Temp. T N/A 250 225 250
Specific Heat kd/kg/K 1.38 1.75-1.84 0.33 0.84~1.17
Vaporization Temp. C N/A N/A N/A 1.5
Yield_CO a/g N/A 0.028 N/A 0.063
Yield_Soot a/g N/A 0.194 N/A 0.172
B 2-19. 7[E}SAHTZ|/71AEH] ) F2 7IdsE U E3sd SH Pz £8) #3 KR
Thermo—-Chemical [Unit] PE PP PMMA PUR (rigid)
Properties [5.1-5.2, 5.7] | [5.1-5.2, 5.7] [5.1-5.2, 5.7] [5.1-5.3]
Absorp.Coefficient m-1 N/A N/A N/A N/A
Activation Energy, E (10-5 cal.) N/A 42.914 N/A 24.339
Auto ignition Temp. T 330-410 433.4 N/A 396.5
Boiling Temp. T N/A N/A 200 N/A
Che. Structure [-] (C2H4)n (C3H6)n [CH2C(CH3)(CO2CH3)In | C25H4206N2
Conductivity W/m/K 0.4 0.1-0.22 0.17-0.25 0.05
Density kg/m3 900~1400 946 1180 1253
Emissivity [-] N/A N/A N/A N/A
Heat of Comb. kJ/kg 43280 43310 25200 26200
Heat of Reac. kd/kg N/A N/A N/A 600
Heat of Vapori. kJ/kg N/A N/A N/A N/A
Melting Temp. T N/A N/A N/A N/A
Molecular Weight ka/kmole N/A N/A N/A N/A
Ref. Rate s—1 N/A N/A N/A 0.0055
Reference Temp. T N/A N/A N/A 312
Specific Heat kd/ka/K N/A 1.92 N/A 1.8
Vaporization Temp. T N/A N/A N/A N/A
Yield_CO g/g 0.027 0.025 0.19 0.031
Yield_Soot a/g N/A N/A N/A 0.13
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(1) o2& 1&
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18 2-9. The Schematic Diagram of Energy Balance of the Welding Sparks.
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13 2-12. The results of the distribution of the
particles for a=2 and 7 =3, 4, 5, 6, 7, 8, and 9.

B 2-20. Results of the Coefficients of the Distribution function (fixed value of a=2)
Cal. Casel Case2 Case3 Case4 CaseS Case6 Case7

a 0.0090 0.0418 0.1029 0.1854 0.2808 0.3821 0.4845

b 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030
alpha 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000
Landa 3.0000 4.0000 5.0000 6.0000 7.0000 8.0000 9.0000
rm 6.0571 3.5930 2.6606 2.1926 1.9173 1.7382 1.6134
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18 2-13. The resulis of the distribution of the particles for
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H 2-21. Results of the Coefficients of the Distribution function
(fixed value of ¥ =2)

Cal. Casel Case2 Case3 Case4 CaseS Case6 Case7
a 0.0124 0.0042 0.0012 0.0003 0.0001 0.0000 0.0000
b 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030
alpha 1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
Landa 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
rm 3.0214 3.5930 3.9764 4.2729 4.5180 4.7287 4.9145
HA7|ek fdelof| ofstH 8-St ZAjAtole] otAXUES ot= S| Zo|et MFol wat S7H12].
Yol EHYEET £ ol AMFOl Hu[HSHX|ZE oA Yol FHHM, DSES 27| flsiM=
HEFE AL, 2 EHOAM S =52 Zolel 82 MR/ 7 255 20X Y5
vt eSS Ztastod A (2.21)2F Zol LERd 5 AS[12].
H= @ (2.21)
uarc
oAZIM H, V. L. 3231 ve 22 I2[0HX[(J/cm), MY, ol 3™ 7 J2ld SFYEKEE

arc> “arc
ololsty, M7[lHX = © ol A7[2f tf32t &2 2AE #1 US.

(I

o
rlo
=
N
2
i
Ral
o

w2t , Mol o|st e 80| 100%=2 7IHsIe o &1 2o Met=e= o

SHETo meEtM Z2iXo, 2 AFoMe Mo X], &dXel F& 2|1 dXte| 43T

Hatof w2tM SE[Ae 225 24 &

J8 2-14= 81 £X7F 15cm/min, =E &Xtel d4 377 87 37| 3mm, A 7%

5m/s, EM=Z ME=E= ER/SEZ0| 7kW/m2 2|0 MAaAE] =7AHollM EHAOo| 0.04m2Y o

220V Mol Chall Al ©Fel 27| Watof weE Ao 2= 5 oF6h 2ol JgoAM 2X0|
2

HFel A7 Mol watM ™27] ol X[e] A7|= 2F 2.2kW ~ 44 kKW7ZHX] Hi5tE HE =l
— 47 —




8 % glon, 2EIYRE ®MFe 37/ vl2stel MyMo2 ZUb & E8h, 18 3-62 A
EFH 8F =EZ 2lsiM A7t =tE 5 U= 2ETF 300C o|MeE Ji™er 49 MR
A7[= 120 A ol&te| Helof| siHste AE & = US. SHXIB, ©F/el I7|7F S7teds5 Xt
=X Yool ZEtE = AY| 2ol Metet o Fgks =elst| flsiMe dFel oo E 7
AXte| F7|E AtEsHoF stof, 2 AFoAM = (A 37| E=0 it sHA A Zofof st 2EE
25}

800
e
750 - O/O,Ofo‘o’o’o &
700 - o ot
g "
650 e \ e
600 /O/O P : Electric Power /-/ E 10000
550 - P o m
O 500 /O F ®
- 1 -+
g 4504 4 e =
S 400 =
= n’ Fire Risk Region R,
L 350 = 1000 <
/] 7 ]
g— 300 o o
T
& 2504 m \ E
200 - A
150 4 ./' Tem perature of Particles
s
[
1004 o~ 1 409
04 =m 220V, tfm:ISc'm/mr'n, u=5 mss, dm::?mm, q”mmf: 7kW/mJ, .4}20.041112
0 T T T T T
0 40 80 120 160 200 240
Current [A]
a8 2—-14. Temperature of Particles VS. Current Variation

= O 2-152 88 &£X7F 15cm/min, 2B &Xte] W 37| 3mm, H7[0H{ X7} 22kwW, 2™ Z
MEE= /50| 7kw/m2 J2l0 HatAef =HOM ZFMA0| 0.04m2e M Xte| |%50| HEZ
2 o2 QIsiAl 2 m/s ~ 20m/s2 TIt6tes 47 Ate 2 E o Fot Zutal, OE A
solgt & QU0 BEo 25 2% IFo| LIEHH HIRAMY Mol Xl Yare woo
4y Fo AL FF 77t SItEsE 2 Fete| AXFo| wEA oLl E. w2tM =E[2|
AKXz TS50l g2 sto] st == Ade =l = US.

- - 160

260 - 220V, 1004, nm:ISc'm/m:'n, dm:.imm, q"mf TEkW/m', A::U.G-im' O

' S

240 o 4140 3§

/O (]

A2 e

220 P <
e {120 @

200 - Fod D

Q n g 8

2l 8]

g 1804 \ o h 4100 8
5 O o
= 160 n o =
5 N o7 180 &
2 140 l>o/ 3
5 gy My Tem perature of Particles -
- 120 e [ 160 X
/O l\./ ;
100 o \.“I\. i

& i SR 140 =
804 O .__.‘._. EN

60 T T T T T 20 5

0 4 8 12 16 20 24

Velocity, u

8 2-15. Temperature VS. Velocity of Particles
= O3 2162 38 ZHZ7F 15cm/min, =EIXe] &% 5m/s, =EIKAIL] & #HHO|
3.4x107°m?®, M7|ol4X[7} 22kw, 22 MEE = FFH0| 7kw/m? T2|1 Habakel z=ZofA
EHMO0| 0.04m2e wf =E| Xtel HF F7|7F 2mm ~ 20mmoll st SE| 2Xte| 2E2} i

_48_



TE LMEF 2ot
JgolA BR0l @IXtel 2717k BIKeSS elxtel Tt ZolRlE HS Helg £ oo, 1 A
7|25 E =£E| UXE HdZsts FHZAHO| ZolHAM UXtel 2ETF BIISH = AS Helg
T AS. 5, lE=tE LAV HotEeSF tiFHo| 240 A} Stetel 2ETF Zobx|Al = X[2F
S M mHoIAM QUXte| AV|F BIlERS Rkl METt Zasky| W 2E° 2EE
S7tstAl =lof O 23 2F 11mm EEollA EE|el 2E=& 300C7t S7ts5t0] Etatea AP S29
7td =0l slatE 42 AT 2t Jtsdol OE Bt = e Ae ool
1000 =
g50 J220V, 1004, um=1 Semv/min, if;mu’=3.4f'°mj, u=5ms, q"m = TEW:/m', A’=0.04ml_ 10000
900 - 9 E
850 - \ ]
800 + 1
750 o ./l E 1000
700 4 \ v =
[T} 650 o) N - 2
L 600 4 \ avg ] L,
& 7 b
g 550 X ol - 100 =
3 500 O - 3
S 450 U i ] -4
L 400 e o 0 2
il T u E o)
£ 350 o =}
@ 300 - 2o RN : o
Tem perature of Particles _- (3 1 2
250 - ' u Ooegy ]
200~ . 0oy A1
150 - n o E
100 "
50 4 a" ]
]
0 . . , . , ; , : ; 0.1
0 5 10 15 20

Particles mean diameter, d [mm]

8 2-16. Temperature of Particles for Fixed Volume VS. Particle
Mean Diameter

a8 2-172 8™ &HEJ7F 15cm/min, =EIXIe] & M Ho| 3.4x10-6m3, TZ|oLHX|7}
2.2kW, 22 MEY=E= HRE0| 7kW/m2 2|1 HAMMEl] =0 ZEHEHO0| 0.04m2Y o
=E| Xtel A IAZ|7F 2mm ~ 20mmoll CHsl Hi2 32 d&Eez |R=£F2 IA7|7F 4m/s ~
12m/s2 H3lst= A% 2E Ao 2Rt /W& &S 23,
O™ EX0| Xle] & A7(7F SIS i EXE Aot 71617 2 Wzte| £=7}
M= #WE2H vietito 0 Z3F stz g#ME = s HX¥ol 37| FFe F7|o HlH st
HdasH == AdAS 2ol
E35|, Al (2.1) ~ (2.20)0|lM H=0| 3}A| &AL Z2E|QXle 2% 9} =
ae|n f50 w2l Z2iXoy WXl 37|7f SUteteg 2Ele 2571 S5t
gie|2f|oto] ZtAot7| W 2o SR Y Eef TSt =AMl ofM =70 & Est

37| 227t EXMStE AE & F US.

_49_



220V, 1004, u_~15cm/min, i AE ‘ni, " =7kWim', A =0.bdm
G u : Particle Velocity
800 u=4dm/s
no ] mz
- E <
2 600 Q,
g z
S i 3
) ] T
2 ] ]
£ 400 o,
g °
414 a
] ]
200 J
u=12ml/s 2

0 3 6 9 12 15 18 21 24

Particles mean diameter, d_ [mm]

8 2—-17. Temperature of Particles VS. Particle Mean Diameter
for u=6m/s, 8m/s, 10m/s and 12m/s

0| 3.4x10-6m3, SE|UX ®&9
AAE] =740l A EHAO0| 0.04m*Y

o

« O8 2-18= X &#Z7} 15cm/min, EEIYXte] & A
AZ17F 4m/s, R Z MYE= ER/E50] 7kW/m2 122 A
ol

=

m HZloHXxIe] AZ|7F 11 kW ~ 31kWel 29 =E| A g F7(of w2t 2= /S

LHESE ZAatel. JgolM s sbE = /le S2E[9| 27t 300CE JHdet d9 ©™e| A7(7t
S7tesSE 2E Yo dAtel A7t 22 HeAME 2f7F gabE = A= AWE 2lolgh

1400 -
] am=15€m/min, vV | ?4E m u=4ms, q'' —71cW/m'lA =0.04m"

: cond : 4 10000
1200 3 \
] N

] 4 1000
o 10003 5 g >
. ] P=31kW a
o E & ,
5 8004 =
e =} ] c
i ] 2
8 ] g
£ 600 °
Q 3 o
[l ] bl
400 =
200 3
O‘IlllllllllllllIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIII|IIII

I
0 3 6 9 12 15 18 21

Particles mean diameter, d [mm]

8 2—-18. Temperature of Particles VS. Particle Mean Diameter for
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13 2-20. Schematic diagram and pictures of experiment apparatus for welding spatter
analysis.
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B 2-—-22. Specification of Experiment Apparatus.

Measurement Specification

Output current 20~220 A, Rated Input Vol 220 V, Rated Frequency 50/60

Welding machine Hz, Rated duty cycle 60 %, Model : Rolwal ~MMA-200E

Thermal imaging Infrared resolution 640 x 480, Temp. measurement range -20 to 650 C,
camera Accuracy 2 C or 2 %, Frame rate 60 Hz, Model : Fluke Tix 501

Resolution 640 x 480, Sample Rate 10,000 fps, Model : phantom LC310
High speed camera Lens : Nikon 105mm, 2X converter
Band-pass filter : @ 50mm, 810 nm/12nm, CN code 90022000

Blectronic Energy 230 AC, 60 Hz, 16A/3680 W (Model :  KEM2500)
Precision balance Load Weight Max 320g, Accuracy 0.1 mg, Model : PX224KR
Core Coating
Iron %tl%r;:é? Feldspar Mn Ss?ﬁl é:g Limestone Mica

Electrode [wt, %]
[Density, kg/m’]

1-5 1-5 1-5
65-75 10-15 5-10 1-5

7860 3900 2560 7400 2400 2930 2600
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AR 371 ¥ B2 AxMe gok o2l XS AtololM el EmulsionO|L} Aerosol,
Dispersion, 12|X suspension 52 HEE M35l =7| 2o o|EX} AHE MBst= 5= &2
OfA = ol &8t A7 T shel.

Qxtel 27| W BAHTel s

0

2 (URtel M, NE

ital
a
i
rir
jin}

H

Metst £d 2t Mz S 2r)eE =

=X™olo{, Xl 37| U EAFE== hiding power, tinting strength § =& 29| =2I3&7|AH A
M Ao UM e HEZ AZsts HAe2 EED UAS[2.1-2.2]. stX[2, =ZA 59|
Ao wa2H AXNE E™stes =Ho| wEiM Y Fd|o| MMMHo| HEEHOOF st A=
AZEDD UZ. 39 A7 =I0llM 2I4EH Lol =M Aires?t Figueiredo2 Ml 7HX[2| AdAE ol
2&2E (light scattering) 24l &H| (Malvern Abe| Autosizer, Coulter N42t Coulter LS130)&
&otod 37| d|g3 Fu d|7} ChE bimodal Ate] MEst EEZEE Fst=0 Amfdict=

=]

Elizalde2t Leiza= CIASH 37|12 EF UXE =27 HI82 Ha2Istd 47(X] EHH-CHDF
(capillary hydrodynamic fractionation), DCP (disk centrifuge photo sedimentometry), DLS
(dynamic light scattering), TEM (transmission electron microscopy, 2} XA} sio|dH)-of w=
Z1HE vlasty X 37| 248 EMo| g JHE g2otAel 2AMH st HEE J|sE[2.4]

Koehler2t Provder= PMMAE &2Aist=dl 67+X2| &H|-DCP, SdFFF(sedimentation field flow
fractionation), HDC (hydrodynamic chromatography), QELS (quasielastic lighter scattering),

turbidimetry, TEM—-S Al235}t0], ZofM oz ZAEE gAlg ESHA QXtel 37|74 J71&F 2 g2
AL, TEME SaiM= 71 &2 g2 22 = Aot 7|ss5tn UAS[2.5]

Lange= 03] £ ZH| = " X} I7|= turbidimetryE Sa6ll 712 Az = U= S Uy,
AR 37| AT g2 ultracentrifugationZt DCP, MXlaio|d whalo| 713 &f& el gralo|2tn
7l& st UAs[2.6]

Lee= EHEARM | CIEANM o3& A 2IEIA AXE EM5I¥ =0, 42 FFF= 4 X 37|12
2MEE 2= A2, PCS (photon correlation spectroscopy)= 37|7F =10 SHEARM QI Xlol &
o Metst ZuE oo 2 QAR ClEAM ARols AMEHZEES CiekstA HistA|F{ o2t Of
AP Ol Zhofl iyt AZE "2 = gt J|&sta US[2.7]

SEX|gE, AR X Fd|o| AlZ|Mofl st AF= AKX E RES| AFINE =o{of Sto{, 24
Zdlol MMof| w2 AES 1SS 1 SYT AE =HE FHSE Al A Hof 2%
Hoz mcoi=El E35|, X X Fd|= Zs 2zlof w2t 1rie| JtHE gAMSHX| gl 129
=E| AR &2 45 do| M2t o ggs gy 2o 2 dAFolM= olo|X| EAMof o|Et
BHH S MEASIF oni, (3). o|o|X| &4 gt Mol XiM|SH AlSHE LIERRAS

(2) 2Elo Exgs 2™

= EE[7} HIMEE SHAS EF EHX 52 AIE5H0 37| 22X E MESIH 08 3-213 22 HF
2x(f(r))el g2 20 2. 07| Z2EYXE A=z JidsH =He MpEZsiE 2g

(Normalized distribution fraction) 24 #Meo| == (N)Oﬂ olshM Nf(r)el HHE ZH &.

o2t ™Mol B2z MEfE oolsts n(r)2 FHES=Z  Log-normal, Rosin-rammler,
Log—hyperbolic 2 =H& Zto} &=(modified gamma distribution) S22 ESE $= US. SHXIZH
Zkzko| mof ofshA FR A grel vl eot Adol oA SHE 2= sido HEst Ase
AEo| oM AtEslof St 2 AFoME AL 2 SIXf & FEofolM JIE HEMoZ ALE
g = Us A (2.23)°F Zo| =™E ol ©+E AESE[2.8-2.9]

n(r) = ar“exp(—br") (2.23)



Number of frequency, f(r) - Can be obtained by experiment for droplet
A _ N= J n(r)dr = [ J(r)Ndr where ~ flr) is normalized distribution
{i i}

10) &
For continuous size distribution n,(r)= lb@%

14
=20

i'i{d—dll

FAl
S

H i X
Log-normal distribution J_U P

v

Particle radius
Rosin-Rammler distribution n(r)=1- exp‘ ‘_

Widely used in poly
dispersion combustion Log-hyperbolic distribution ()= dexp|-a/&*+(r-r)’ + p(r-7)|

system (Ref. D. Deirmenjian | Modified Gamma distribution

irmenjian - n(r)=ar*exp(-br')
and R. Viskanta) q (Deirmenjian and Blokh) .

3 2-21. Previous model equations of the distribution function.

£73|, Al (2.23)= a8 2-222F Zo| 3742l A =AH(f(r—0)=0, f(r)/dr=0, f(r—o0)=0)S
ztm 2fofol S| m2o 2EXAFTE Al (2.24)3 22 oA oM M2 S5EC TAE 2D
ooy, f(r)2 Al (2.25)3 Zo| Mz|E[2.8-2.9]
d -1 Y Y
I (r)=ar""'(a—ybr")exp(—=br") (2.24)
,Yb(aJrl)/v
fr)=—"F——<rexp(—br") (2.25)
F(a+1)
Y
et 2EEAT b2t o= A (2.26)8F A (2.27)2] BAE HESHoF Stod, AXtel 2x EMI1}
a3t Folol AEAUAE BEAMSH| fsiME EEXAFC a2t 47t =50 U2iM ZH = ofof st
AE & = U3,

Major conditions should be obeyed. m 1, coefficients (a, b, a, y) are
not independent each other
1) The coefficients of @ should be integer

2) The coefficient a is essentially given by N from the definition N ]: (a’ * 1} yhleir
(] i
3) 1t should have 3 zeros for the differentiation ‘l
1
NI
A | PP~ TR - a=Nxy
1) 7 = n(r)=ar*” (a-ybr")exp(~br ] y
a Therefore, normalized
= distribution, ) defned by
1) = =" expl-br')
-. T((a+1)/7)
> ro®

~ Particle radius

3 2-22. Boundary conditions of the modified gamma
distribution function
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b= (2.26)
YT
(a+1)/v
o= Db (2.27)
I'((a+1)/7)
= 0{7|M Nz Z4ZF R Y E $=(m-3)et ZoteteE Zh2b oo|st £ 2E|QRIel F37| 2E2T}
a8 2-233 Zo| MEE HARE JHHSIY S M Deirmenjiane =™ E 2ol 2X g(modified
gamma distribution function)& H&st¥ o0, st 2AAZS ST

o1ad [Fe—0.36 ]-:ﬂfj dn(d_)/dr=0 = Decreased
] |—*— 0.44 kg v @as flow rate
- giod |TA 051 kgfsl Mo\ increases
& —v— 0,57 kg/! . "
S ] \ e |
& 0104 l,': |
: - A
e II I'. II |
‘:T: 0,08 | K11
E T I| '|‘ II
- 006 Ry
ﬁ | II Il-,
= 1\ I| |
E GM_ I I| I| II|
. I ;
= | ALl
1 ]
< 0024 ; TN
o T W - k h -
0.00 -—--'---n--l--w—r-l-l-i'-.‘-l‘,{~ — .
100 1000

Droplet diameter, d [pm]

1% 2-23. The experiment results of
distribution fraction of the droplets as the

the normalized
flow rate increases.

1300 . . . T . : r T v
1200 1h, =700 mm distance from the nozzie i—f'— 0.36 kg/s| 3
=< 0.44 kg's
1100 4 error bar 6 % 0= 0.51 kels| 3
—7— 0.57 kg's
noR S T T | T . =062 kals| 3
E ity L S e e S
ol T ISP S T ""; E
E | l . . 1 (L 1 | : 3
] I | 5 R A E
Eﬁ 800 _i (0 ___4%-'" + 1| | [. o "'ﬂ._t:"'f-' | —E
— ] X T o ; - E
L= i e D S
= nhes SRR D e G
600 J ¥y—1 i e 4 - ] 3
d=21 j | I = o Tl
] [ I i1 3
500 ] T T T T T T T T T T ]
] 1 3 4 5 5] T B ] 10 1"
Number of Measurment
8 2-24. The results of D50 for the repeated test as the flow

rate increases.
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Input : maximum fraction vale from Exp. data tea 4, =112 Lmis
= Q=i L e ) shape of experimental data
o dinirpdretat s, E 1]
# ; B f .
E a: detarmined by tats ,,T £ oaml adjust costlichents o .y
i o / . =
:E o Initisd coail ks a .y } E i
£ y E U cakulate contficients, &b
i [ 1 g
B FRE d
} ' -] determe bast-fts
‘; T, -é B ’
i £ datermine mamber density
Bt F ol
(-1 =
200 L 1.

2
g—.

the deviation can be occurred as
radius scale of x-axis

bll!]
r =br’ W
10 ey vt - TS

Draplet diameter, d [sm)]

Can be found by exp. data

8 2-25. Fitting method of the modified gamma distribution
function.

0.14 —
= 0.36 kg/s
01n ]| @ D44 Kess
—&— 0,51 kg/s
—w— 0.5 kg/s
0.10 «

Line : Gamma distribution function

0s{ Water curtain
mostly have u:1=1,.,.-*‘r
y=5.2 and C, by
o044 fitting

0.06 -

Normalized Distribution, ffr)

Droplet diameter,d [pum]

3 2-26. Experiment and fitting results of modified gamma
distribution of the water curtain
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(3) olo|x| &4 &y
- =B dXtel FT|IE
2o tst=

Ze 60 =2fal, 640 x 48

™ 7

= Image J Programoll 2lsiM HXo| 37|

x| SH

—_ o

Regulate RGB — Analysis=Z

maged Programe AlE5t0] 22X &4-& AMESIOA &
QXt= dstat7tH 2HModel FLUKE RSEG00)E Ab235H0d
2 ZHASIN S

£ MESIE 92 Calibration — Define Range —

ol =

=2
o A2

2 otefe| a2z LtEHY

¢ Imagel

Edit Image Process Analyze Plugins Window Help

vlal o) e | @osy) g4 o]

New

bes

£ Tjpg
640x480 pixels, RGE; 1.2MB

[

B 0.25 wt%

Distance in Pixels:
kKnown Distance:

FPixel Aspect Ratio:

LInit of Length:

Click to Remove Scale ]
™ Global

Scale: =no scale=

OK | Cancel‘

Open.. CiihO
Open Next Cirl+Shifi+0O
Open Samples *
Open Recent 4
Import r
Close Ctri+W
Close All
Save Ctrl+3
Save As 4
Revert Ctri+R.
Page Setup..
Print... Clr+P
Quit

£ SetScale X ¢ Set Scale X

Diistance in Pixels:
Known Distance:

Fixel Aspect Ratio:

LInit of Length:

Clickto Remove Scale |
[ Global

Scale; =no scale=

DK ] Cancel‘

1% 2-27. Image File Open and Calibration(Step 1)
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4 1pg - o
13.91%10.43 nm (B40x480), RGE; 1.2MB

4 1pg (G00% - o X
540430 piels; RGE 1208

4 Setscale x 0.25 w tn/()

Distance in Pixels; | 32,000

Known Distance: |2

Pixel Aspect Ratio: 1.0

Unit of Length;

Click to Remove Scale

[ Global

cale: 46 pixelsinm

OK Cancel

3 2-28. Define Interesting Range by Rectangular
& Verify Calibration by line (2nm) (Step 2)

4 Imagel - X
£ Imagel = X File Edit l@ Process Analyze Plugins Window Help
File Edit J=bE8 Process Analyze Plugins Window Hell = {
RN rroces psee Pu d Ecla e » El@edsd 4| | |-
Bolz e rplefonfss a4 el | |»] = e ]
— Paintbrush Ti| - .
| Showinfo Cirtl Show Info... Ctri+l | Window/Level...
Properties. Clri+Shift+P Properties... Cirl+Shift+P | Color Balance...
Color » Color Threshold. .. Ciri+Shifts T
Stacks 3 Stacks *| Color Threshold...
Hyperstacks L2 Hyperstacks. L
Crop Gtri+ShiftsX crop Ctrissniftex | C3MVas Size.
ift+D Duplicate .. Ctrisshinsp | HNe Wit
Reruns Rename...
Sk Chye Scale Cir+E
et * Transform 4
Zoom ¥ = i
‘oom
Cverla ¥
e Overlay r
Lookup Tables 4 'ﬁ'
— ookup Tables
& Threshold Color (experimental] — a X 4 Threshold Color (experimental) = a x
Hue Filter type Hue Filter type
@ Pass!  Stop @ Pass  Stop
< >0 < >0
< > 255 < > 255
Zaturation Saturation
@ Pass (" Stop @ Pass (" Stop
< >0 < >0
< > 285 < > 255
Brightness Brighiness
& Pass  Stop @ Pass ( Stop
< >0 < >0
< > 255 < > 44
I™ Threshold [ Black background I~ Threshold T~ Black background
oniginal | Fittered | Stack | Macro | Help Original | Filtere Stack | Macro | Help
Sample | ® HSB " RGB (" CIELab T YUV Sample | ® HSB " RGB (" CIELab € YUV
2l — i
18 2-29. Adjust the RGB Color by threshold(Step 3
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6.81%5.00 nim (316x232), RGE, 286K

¢ Image! — s
File Edit Image Process Analyze Plugins Window Help
Bole|o|<|4| &[N Ala|O| 2@ [4]a] | [»]
¥=6.70, y=3.89, value=67 67 67
i :
& Duplicate... * Tvad - -
File Edit Image Process Analyze Plugins Window Help
Title: |1 [Bcllol 44\ alalollolm7171a] | |+
) v Startup Macros
Sich {o altemate macro fool sels
0K Cancel Arrow Labeling Tools
o] coen)
Example lcons
£ 1-1jpg = O * Lookup Tables

Mgt Hontage

Plugins

Scale Bar Tools for Microscopes
Stack Toals

Toolset Creator

Hep..

L

File Edit Image Process

Imagel

Olola|of 4] «|x|Ala|o] 2]

x
Analyze Plugins Window Help

PAAr RIEIA

Spray Can Tool

13 2-30. Post—Process for Extract the Particles
4 c i ¢ Results — a X
IMBx232 pixels; B-bit, 72K File Edit Font
g%@%)@ @ @‘@ © @0 |Area |Mean |N1in |Ma:< | ]
@@é@@@@ @@'@@ @ @ 1 0082 0 0 O
@@@ a9 000 @@ 2 0081 O o0
o a2® 09,030 3 0044 O 0 0
0 2%0,00 s »Pep Do |
gﬁ@@@@@ o O ®mbo |4 0044 0 0 0
el @@@@@@@QD@% 5 0033 0 0 o
™ @@@{9@@@5@9@@@ ol 6 oo o 0 0
@@@5@@@ @ O 0G|z oo o o
®®@ o0 e0e0P®0@| s om0 0 o
e redno e 0g @ . '
4 Results - O x
Edit Font _
[ *
0
Options... 0
3 0044 O o 0
4 0044 D oo
5 0033 0 o0
6 0083 O oo
70072 0O o 0
8 0071 0O o 0
W
€ >
13 2-31. Output Results and Analysis
8 2-32& olo|X| &4 T|Hof ofgt 2xee F5te S MYSH| fI Aoz 1L 2t
(92 =2 l/=, 384 x 128HH)E A5 EHSte ZAL =52 FEX MO HX EM EN
g (o2 Ate] £, 37|, ctad)g 263 JUZ. 2 Hel fIx= 200mm, 300 mm, 500
mm, 700 mm, 1,000 mmoO|d, ZAtE AUX= =SolM & Yoz Hstelcls AE & +
UZ. Halgdol| thohM HAel Ht F7|= HMAH/EHA H|E 2|o|SH= Sauter Mean Diameter Of|
osiAl tES stden, 4 (2.28)n ol Yeolg £ AS[2.10].



r=oo

. f(r)><r3dr
r=0
d,, (= SMD) = T (2.28)
2
/ f(r)xr*dr
r=20
017|M, f(nNz r2 X2 (Distribution function)2t S8 & LjollA 2EstD U= WX AAS
242t ofo|gict, 53], eitel ATt W@ MAo| 37| BAE okelel Aoz EHY + AUS.
_ 3Nf
— 3” (2.29)
Ared,
i 2xete 2D o|o|X| £ ZIE M st Chash Ay 7ol w2t SE[7F Y st=
Haol e Yxlel 27|2EE RUYS0 YYH WS WS + US.
Velocity T
r L Y ‘\ b o i
5 iy T, L 1
IR A A 200 mm o Y
LU Chb £ ] .
P - 5 b ..* i ™ . 1
o P S it o
'1' € t‘_ < 2y 300 mm ‘.".*:,'.T
Ty ik e
TR After i am
B Y0000 fps ‘
+ s e B ” e
T 300 mm 2iln y R
" i ChE T R [ '.M.(,? 'l?
. e " v P .
i * -4 Tl | - a . R
g ; ing 'l Mt Eﬂ
£ ',‘ e omm ""H" : L E;;:"‘,-’:
Hi ol B
TEEY o S
. L000mm S roplet Size
Mean velocity oy d
* P ' 4 ¥ Folume Fraction

a8 2-32. O[AIX] 24 7IH

8000 - .
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1 Flow rare 21.65 Limin
5000 "
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- # -
© 4000 - oo rd . L SN
9 LE L st Pl
I e TS
'] td - [ &
5 3000 Byt = fofe — S0
'E_ = = 8 __..’ .."?'!'l- _? .-".._ . l:"
- < il '.‘. : = -i-: .
2 = "
£ 2000 370,000 frame | Analyze Results
3 during 3 sec for 11,000 frame  Draplet Number
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0 T T
[/ nz n3 0.4 0.5 N
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18 2-33. Examples of the Distribution of the Particles
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% 2-34. The Schematic Diagram of the Particle Velocity Analysis
(5) PIV Method
= 2E UKo 2SS BMEHY| fliMs o w%Fe IV|E LHEdfof si,
MATLAB Z2# & A8350 ALEAL Ho| g0l 2o F4

25192,

0> mn

= PlViab= 8 2-342} 20| A[Zh ZkAof w2t o|o|X| XMa|zl 2bal HAoll thsl A

=/ =
Hotet #aok ot 2l e MEHE TEStHL EAISH=H &8 Open—Source Particle
= 0
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51 Xt2ol| gt ZA 5 mmolak ME 2 o =35

p.max
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[0 A= PIViab 1.32 HAE S

At

] select images. Images from one set should have identical dimensions to avoid problers.
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O sequ
® seu
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i wso13
08 21 Bt i

N

B \
™ 11- 2hZ g

] Show ful paths

12l 2—35. Image File Open (Step 1)
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13 2-39. Calibrate using current or External image (Step 5)
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3 2-40. Vector

frequency
)

45

05 1 1.5 2 25 3 35 4
velocity magnitude [m/s]

Display Parameter and Histogram of Velocity magnitude (Step 7)

8 2-41.
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3@ 2-42. The Schematic Diagram for the Experiment Conditions

H5l| 27 E A2ETo| w2l Torch Stander?b 20 ~ 150
H &R, 88 =E UMEX(2H7]), dslat
ZtH2F, M2 FtH2}, Test bed, ¥FEFEH7| S22 FMsIYCH otellel D2 AEHEX

ds58 e MA oY g LiER R

3 2-43. The Process of Manufacture for the Experiment
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dIRtS St B8 HAE AEEINRS
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H 2-23. Specification of the Experiment Apparatus

Measurement

Specification

Welding Machine

Power voltage : 220 V, Rated input capacity : 7 KVA,

Actual output current : 20~220 A, Efficiency : 60 %,
No-Load voltage : 65 V, Model : Rolwal MMA-200E

Thermal Camera

Temperature measurement range : -20 °C ~ +800 °C

Accuracy : 2 °C or 2%, Frame rate : 60 Hz,

Infrared resolution : 640 x 480, Model : FLUKE RSE-600

Current Sensor

A Range : DC 2500 - AC 1000, Frequency : 5-500 Hz,

Model : FLUKE-376 FC

Experiment Condition

Welding current [A]

70

100 130 150

Working Time [s]

30 50 70

Contact Angle: 90°, Arc Length: 5 mm, base metal material: Iron Electrode diameter, d.: 4.094 mm

twﬂﬁng}‘m — |

Distribution of particle size,
Transport Velocity,

T
Temperature, / Sub Cﬂm!l’?
&

Thermal

e

Camera ;
1

h:03~1

Current Sensor

‘Welding Table

O0m

8 2—-44. Schematic diagram of the experiment on the

Semi—auto welding test
device.
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velocity magnitude [mds]

8 2—49. Particle Velocity Distribution

(Testl)
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Particle Base Metal
70 [A], 20 [s] 382 1200 <
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90 [A], 30 [s] 544 1200 <
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= | B | iT il =
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A ZE (1 & ob ZEl+ FHEZE (9
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- Mz slE el AFBOE EINE B4
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2 19.5- M=t of| ot 2 + & & 25
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L 185
= 18.0-
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e & F7 Exhaust Average
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[mm] [m/s] [% (m/s)]
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= of2flel JEH2S Y MM HEH=E EE dXe & MAMES LERH It 2 JFolM 2ROl
X

8 AZHAD T electrodeol|] 22 =+ M (Pe)oll W2t base-metalod 8= ZZHAmb,p)S
E™s5tH 4 (2.31)zF Zo| EE Xtel = EHZFHAmp,tota)E MEE F US 2

SHX| gt
electrode W52l core= Iron(piron = 7,860 kg/m3)12l1l 2[F2| shield= Sodium Silicate(p
Sodium siicate = 2,400 kg/m3)S0| ===0f A7| W20l =El YXE FMstL A= MEL
HIZ7F FO{X Aol stAM AVi=Ami/pi ZAIZ AXF S 7Hel A A (AVi)AHEO| JHsE

rfor
IEIES)

' 4
h u 00 S t
,,,,,, Ned i / Core(Iron) 0 4
-)o-- @i /
‘ o b - Co.ating(Ti(anium
L © ' Dioxide etc.) Pr
me

My total

mb’p
Base Metal
18 2—-81. Schematic Diagram of Welding Spatters by the SMAW and Assumptions for
energy balance of the Particles and the Base Metal.

Amp,tutal = An/lcl - Amb,p (2 .31 )

= 0{7|M Amel, Amb,p 2|1 Amp,totale 22t electrodell &, base-metalo] F=HE

solidified weld metal?| ZZF J2|10 dH|ME AXte] & Z2k2 ojo|gh 7|= oA F Ao 25

=E|o AXIF JtA=o EHEE =7 2EE U4 =E oto] Maae| =g JtEstH 4
H | ]

(2.32)1 Zo| Ho AXtel 2 E o T vl AUS

3
= 0{7|M Tp,s, Too, Tsur, Pe, o, €, Ab,s, Tb,s, N, h 2|12 Ap,s& o LR 2%, ¢ =&
q

(surrounding temperature), EMH 2% (surface temperature), &= (electrical power, Pe), AH| T
_I

EXx0F A HIALE, 2X ZEHH™(surface area for base metal), ZM 2% (surface

—

temperature for base metal), 2@ = Z=(The number of particle mean diameter), tH&F L™ EHA

= J2(3 AXtel ZEolE Ztzt oo o, iAtel "o FY| o tiF FXEA ST hs 4 (2.33)

~ (2.34)°F &5 [2.11].

N — 6Vp,t0ral
rd,,, (2.33)
hd
_%pm _ 0.57,.1/3
Nu,, = . 2+0.6Re; Pr (2.34)

= 07|M Vpioa,dpm,Nup,,k, Re 22|31 Pre 2Atel & A, W X 2ZH(means diameter of
A™ £ H F=(thermal conductivity), 2ll0l&= ==(Reynolds
number, Rep=pymdp,m/y) 22| Z2tE F=(Prandtl number, Pr=Cpu/k)E <2lojgt. m2iM,
Vp,total 2t dp,m 2|3 up,mZt FOZT A 4 (2.33)2F (2.34)0l 2[sHA 4] (2.32)9] 2E&ZE
of F7|of wm2tM Xte| F ML HWHFIY| d2l

particles), +4 ==(Nusselt number),

/-\

ol Zol 7tsgt. skxigt, 89 Alzkat ™

_IEE

HILE £ E2EX7] 2ol A (2.32) &2 2 AT SZ=ojof gf[2.11-2.12].

Nadmath(Pe’At) (235)



(2) ZH7| U5 RS BA U B9 A 242 9F dHTA

I

- EF AEHoM == 2E2f & =HE 2MEY| fleiM EGAIZE S5 EF Hatol e
o

o, st Fimatet =105 Fim 2ol olsiAM =E|S| HEH

0

H 2-43. Experiment Conditions for the Effects of Thermal Characteristics of
Welding Spatters on the Welding Time and Supply Power

Test Number Welding{st]ime, At Supply[‘I/’\;)]wer, P,

Case #1 30

Case #2 50 984
Case #3 70

Case #4 30

Case #5 50 1337.3
Case #6 70

Case #7 30

Case #8 50 1802.0
Case #9 70

Case #10 30

Case #11 50 2067.5
Case #12 70

Contact Angle: 90 °, Arc Length: 5 mm, base metal material: Iron
Electrode diameter, d,;: 4.094 mm, Material properties of Electrode: Table 1.

I
lo

= 08 2-822 &7H™ A[ZHAtL)O| 30s, 50s 2|21 70s ZtZte| A2 electroded| =2&=H= ™
A7[(P.) ¥istoll m2tA electrode?l ZO|I7F A== S (uae)E & Al PIH St
it2tM electrodeZt base metaloll X == 2H(Am, )0 E7t5t7| w20l urateo| HAE= HE7t
Hlzsto] BItot2ni, Pelt LSt A Atet ZAHGIOl ume 2 LI 4] (2.35)2F &2 &

AMD £5% HRloIN S0l YxIGHE HO2 Lietd

'~

umle :al +b><])e (236)
= 0{7|M a1et b1 AMEAMEZ base metal} electrode?t E 2-43%7F 21 F™=do| 37| (984 ~
2067) W o[atel =ZAHoIAM a1=1.997x10-2mm/s2}t b1=0.7011W-mm/s2| Zio| F&T He=z

mehe,
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4.75

Welding Time
4504 o 30s %
= O 30s |
B o
g 4254 A 7ps )
= = , L
= 4.00 arve il .
— error Bar : +4% X 7
— L,
r 375 e
“ [}
g iy
& 3.50 o
= - P,
£ .
& 325 L l
% P electrode
2 3.004 Y
- e T
z 2754 7T Model  |Line
:2: I ; o Equation Y= A+BX
= L R-Square 0.97531 | Hettrode
2e=p- ¥ A 105602 | Fecd rate
B 000152| ¥ U,
225 i

T T T T T T
1000 1200 1400 1600 1800 2000 2200
Welding Power, P_[W]

18 2-82. Electrode feed rate in accordance with welding
power for welding time 30 s, 50 s and 70 s

g2 4 AlZHAt) o] 30s, 50s 2|1 70s?l ZtzZte| A electroded 2= ™
7| wiglol| w2 electrodesl & ZrA(Amel)2t base-metald] &&E AZ (Amb,p)S
Exdst Aafel. OZolM opened symbol2 AmgES HERH ZWS=Z urateol| H|z|sto]l S7tshnd
=Y Pe Z70lM o &7tsHH o Amelo| H|3|5t0] BItste ZTE HoiF UZ. w2t 4

35)nt ZEMo| o|siM ZXSH electrodel] LEZhp = 4,726 kg/m3)E HESIH Ame

= 1
dotted—line2 2 E& st Al (2.36)1} Zr2n{, ok +£5 % HoAM XA Lx|ste HS &ele

0o 12

v
A xAtx| —d |x
mel )ate (4 lj pel (237)

017|M do2 electrode2 ZZ(4.094mm)eS 2lolstH, aZoAM F2g otst o2& closed
symbol @follAM EX0| Amb,pe EX™ 2 At Pe 37|l Hz|st0] &
W & B 88.6 % MUl base-metald] &&zl= sAsS Eelgd = UZ. ol Alps
electroded|] S5 == P ol 2lshAM 2k 11.4 % HEJt EEE

5tod, electrodeol] ME == olHX|= & (2.38)2F &o| 71H5t0] Ehestst = A,

ot

ocd, (T, ~T.,)=0.886P, (2.38)
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28
26 - Solid . (uwea )_-Am”
()pe"qruf.m fooh): 4 m,
24 - ---~- Egquation (7)
22 Error Bar : 3%
20 4 :
184 ¢ P
B . |2 .
o 16 - i % :
: -
S 14 - _
- g A By
12 - }:_-_-_"_ 3 B —”f“ .
10 - o >
e =T
. ; . & memmm AL=30s
""" - n
6“ I
Pl

1 1 ! I 1 ! 1 1 I
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Welding Power [W]

18 2-83. Experiment results of Amel and 4dmb,p
in accordance with Pefordt= 30s, 50s and 70s.

= O3 2-84(a)= 2T AlZHAt)Ol 30s, 50s 12|12 70s 2t2te| A< 4] (2.31)2} electrode?| &k
Zt2(Amel) ¥ base—-metalol 8= E2ZF (Amb,p)2 0/35t0{ electrodedl| A H|AHE QUXle| &
2z Amp,total)S AtEsH 2. AtV ST ZZ0M electrodeZ2 B2E|= M2 (Pe)o| &7t

2t Amp,total o AtEZte =M & & curve—fitting) &+ Zot= 4 (2.39)P—P ?=.

_ b,
My, total = 42 'Pez (239)
= 047|M a2= o #stof wmhais a8 2-48(b)et €2 EAIE 1 20, b2Jt 1.289442 AN
o A (2.40)2F £2 Z2Es H= A2E LIER
a, =6.5g+1.6g/sxAt (2.40)
3.2 - " NJod Ll Error Bar : 5%
3.0 4 Etectrode J 4 pen, o m ..
2.8 // Weiding Spatter | _ _ _ E::m.'mn 8 Bl 0.00012 l
s L.
264 m, * [] Error Bar : 5% ‘,’:I—
24+ M' o -5':’%' <, o 0: 0.00011 ~ e
224 1] £ l”’fi. Jun:!‘ P2 ’;A = 0.00010 e &
204 Base nrmrl E_" - - S Y =a:+b
— 18- - 0.00009 e
e 1.6 - ‘_,' _‘i‘df=50$ ' ,"|J_\
W - - -7
2 144 T 7T i . I
g i e e B Ar=30s 0.00008 .
1 R S ooooor4 L L
0_8— =" -’—"-’—"'_‘—
064 2--Co---"@ 0.00006 |
== Working Time x b R-Square e b Ksqure|
04 = 305 OO0S4TE-S  L28044  0.0864% 290161E-S L 28S6FE6 09042
0.2 4 £ S40801E-5 LI8944 007470 0.00005 T T T T T T e
0.0 s LISITES L2894 0.97649 25 30 35 40 45 50 55 60 65 70 75
. T T T T T T T I T
900 1050 1200 1350 1500 1650 1800 1950 2100 2250 Working Time [s]
Welding Power [W] (b) Curve—fit results of al with working
(a) Amp,totalVSWeldingPower time

% 2-84. The Effects of Supply Power on the total mass of welding particles for Welding
time 30s, 50s and 70s.

= 08 2-85= electrodell H|&HE =E[2] A A(dp,i)ol 1.736mm, 2.023mm, 2.

o M A (AVp,i)2 &S] S L gh(pi)S LHERA Zxbel
electrode= @& M=o A&F0| ===of A7| ol vlit=l= 2 LA & Mol Yx(pi)=
shield2t coree| M= TR wW2tA =&lstA 22 = UAF. 59, Hlit== =SE|Q] T A
(AVp,total)& F3t7| fIsiMe 22tel AXE FH5tD A= a5 Mz 2 H|7F A= o{ok
SHX|EF, =2 1,00070 O[&2] 0.1 mm ofstel =2 lXtofl CHai A 22| 2t ES E35H0
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UEE 2Mst= dole AT Js A=z EehE . kA, AT A= pp,total = pel
(4,726kg/m3) 2 7IH5H04 Al (2.41)2F 20| AVp,totalE AHESI] EE(Q| HE EMES EAMSIIR} &
AV ; An’lp,taml _ (a3 +b3 ><t)><Pgb2
Jtota
’ pel pel (241)
12000
11000
Electrode core wire —
10000 Shielded coating— z
2 9000
‘g 8000
7
S 7000
2 ﬁ,,.o Q
6000 S '
50004 o 2 _
S E\'pe.l iment dm‘a p,=4726 kg '
4000 T T T T T T
16 17 1.8 19 20 2‘1 2.2 2.3 2.4 2.5
Particle Diameter, dp [mm]
13 2-85. The Measured value of one particle density for
the particle diameter, dp =1.73—2.35mm
« O2 2-862 2™ A|ZHAt)0l 30s, 50s 2|1 70s 2tzte| A electrodeo| E= ME9
37|(Pe) Hzlof| w2t HIMEl= AARR| T JH(Now)Oll CHEF Zt2ke| XL 7H(NDE 25N /Niga) 2
E3sto] LIEH Znfel QlXlel FI|EEX= W 50 cm x D 46 cm x H 64 cm & X Ztet o3 E
=70 2EE =EZXE T Image JERIOMES ALSSto| MESIFCO, Edls2 12ist0d
0.3mm olste] AZ|E Helst FA7|E=xE EMe. O Zu g X IA7|(don)= 2F Pe o
A glol &A 0.3mm ME=2 LIEtgen], J[& A7 A(dp,m < Az 0.5mm)2t RAIE S
Zt= Ho2 EohE[2.13, 2.14]. of2bM, G XL & J5(N)= 4 3.41 E H3stH AE0|
FsstXigh, & A& d]ah Xte] d™M EMo wWE A EMES o Sst=d 52T =H0|
en], 8% nFOM eE= FO 2R FT|(dpma)oll HE EX SEMHS EAMSY| fshAM
Al (2.42)7F Zo| AR JH=(N)E 2of Xt 37(2] HFE(Npa) 2 LHEFA
oV
N — total 3
e ﬁd;’m s N:Nmax (dp.max /dp,m) (242)
= O7|M =i Atel AV[IE 2[o|ste dpnex= O ZHEX $2 =2 4 (2.42)8 JZSH|
A At o P, 2 37| Bl E dp @ MTTAE EM SR

- 100 -



Particle diameter 0.3~5. 5mm

Fire Hazard Region
(0.9 mm <), Ref(14)

At=30s
P=984W, O P=1337W|
P=1802W, 7 P=206TW
At=50s
F= 084 W, <} P=1237 W
P=1802W, () P=2067W|
At=T0s
P=984W, O P=1337W
PE1802W, + P=2067W|

=0

7o

Girr

= Mean diameter

Max diameter be few in mumber (<30 ea)

I r T

S BRGNS SRR SRt TR s S DI P |
16 20 25 30 35 40 45 50 55
particle diameter [mm] o

(a) Particle number fraction VS. particle

diameter
1% 2-86. The Results of the Number Fraction

Mean Diameter when Pe

= 984, 1337, 1802 and 2067 and A4t = 30s, 50s and

1.0
0.9 4
0.8
0.7 4
0.64
0.5 4
0.4

034+-g====--==-~ i B====== ===

Particle mean diameter [mm]

0.2 4

0.1 4

Ou 1 T 1 T 1 T 1 1 1
900 1050 1200 1350 1500 1650 1800 1950 2100 2250

Welding Power [W]
(b) Particle mean diameter VS. Welding

power

of Particle Diameter(left) and the Particle
70s.

a8 2-872 &% AlZHALO| 30s, 50s 12|11 70s ZtZte| 2% X80 2=+ M3 37|
(Pe) Hstof m2tM BlatEl= 2AXte] = 37[(dpmad T AIEH 22, 2t202] EH G2 332
ghs Aol M LEEH F O UX ZHGS HAS HEPH W22 3Y Pe =AM At of BTt
S5 base-metale| SEF FHio| LI} ASS10] electrodedlAl H|ME= Aol A7|7F F7HSH
Hez mergEl S Y At ZHUM Pe 2 37|17t E7HeT5 electrodedilM 8= = Z ol
Bl stod H|& AXte] 77t BT LM, A (2.43)2 &2 ZE2E LELH.

d o = 4y X B, (2.43)

017|M a42} b4a= AEMTZE b4=0.48252 L™ 4

a, = as +bs x At

0.90

0.85 1
0.80
2075
@ .70 4
garo
-
8065+
4
& 060
=
‘@ 0.55
£
& 050

0.454

0.40 4

25~30

Distance [cm]

35~40

8 2-87. 2E| HI& A OE X7 Ry H

- 101 -

2-88(b)oll 2l A 4 (2.44)2t

(2.44)
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-

BT 0.79367

_oTs0 0.735
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3 2-89. The results of the particle velocity in accordance with the maximum particle velocity
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53], u, = ZHO P4 2 pxol wEbd dEbx 7] mitel] 2 el A (2.58)% o] thEA
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d<P>; epy up o [0Su; pf€QCE
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Cuy iz A (2593 22 Al oJaA] 71ga3t Fahbgol 2fsix 4 (2.60)3 22 BAS 2 =

Ue 1u’f dx € uhp.mean (2 59)
ue~f([(%)~e><dp (2.60)

* 714 Vi, Viid, Ao L3 Apya= 2H2E oIHA] 2418 FE ] & AA, 7139 A%, 2H 9
T WA 7)F9 WAg ou|si, ofn|x] BAg HEjo| F WAL A(2.61)7 o] GOt 4 gl
At = Aoy Ny (2.61)
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Measurement Specification

Output current (20~220) A, Rated input voltage 220 V,
Welding machine Electric power (0~2.5) kW
Rated duty cydle 60%, Model : Rolwal MMA—-200E
Capacity 1100W, Inlet diameter 12cm, Size
670%670%860mm(62kg), RPM 3200
Max. measurement range (T 500 C, u 50 m/s), Accuracy

Exhaust Fan

Xigﬁiﬁgﬁgi (T 1%, u £1.5% F.S)
Model : KANOMAX anemometer 6162
Precision balance Max. load 320 g, Accuracy 0.1 mg, Model : PX224KR

Max. Range 30,000(DC) 15,000(AC) G, Accuracy 1 G,
Model @ MG3002

High titanium oxide Type electrode (AWS E—6013),
Diameter 4.0mm

Magnetic meter

Electrode

(5.1) Z&3 E4(Ftotal, Fg, Fs)

» 1% 2-96(a)& Magnetic meters AHE-Ste] Ao Al A7I(G)7F 2.6 kef, 3.4 kgf 12|
105 kefql AL ALgste]l A Wbl metd YF@el A/F S del. A
Bo] FUF hell dialAl Fge Goll wlalelel 7161907, h > 3 cmol ksl 4% Fgel 3he 002

ek, webA GoF hell tielA Fgis £5% W flolA 4 (2.68)3 22 Aoz i

o
= = .

=5
r U
b
)

F,=a, xb} (2.68)

» o7)A a1 GO Wit wEkA] ¥ 2-96(h)9 2 WAE ZEa glow, bl7 0.24928% 4F
& o 42693 &2 FFE 2 3lE

Fy=(ay < G") < b} (2.69

2-45& F.8 AHESP| 215109 Ly, L7t 200%200 mm 37|el EHE{2] 7|32 A7|(dp)2t 7I18E(e)

O171M Awal, Acxps Apores Newp= FHEZLOIT, d,, Ls, N, e= 2/(2.58)~(2.65)
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mo Mo
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mm, 2.45 mm(Average data)?} LIEtGen, JI3E2 22 6.94 %, 4.60 %, 28.55
%(Average data)Z LIEIGS.
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o9 Neodynium Magnet b
5.0 G2 995 bx
0 G=34 3.8 gl
4.5+ A G=4.05 3.7+ o
404 Z\ - = = Formula 3.6 ,’/
= V i 3.5 F = G h g
&D 3.51 §\\ 3.4 g _(alx ~)Xbl ,,’
3.0 W F,=axb" 3.3 \\ H
. N 324 e
£ 25+ 9.5 e = 31 o
= AN Error bar : 5% »*
::én 2.0+ X \\g\ Magnetism [kgf]  al ,h’;or lil—:qum'e 3.0 2
] N é \\ 2.6 2.49568 0.24928 0.98687 2.9 ///
s 154 e S 34 3.34478 024928 0.99605 2.8 5
104 a\\\\\\\ 405 4.16814 024928 0.97548 27 /,
054 \%‘:{{:‘::\\ & zg: g’ 2 Erlrgrb:fs;faﬁ
00 ; ; ; |‘ :::I%EEEETE.__é 2:4 : | ; l ‘ : 1.035827 0.94758|0.99876
0.0 0:5 1.0 15 2.0 2.5 3.0 24 26 28 3.0 32 3.4 36 3.8 4.0 4.2
Distance [cm] Magnetism, G [kgf]
(a) (b)
a8 2-96. A2[0l ME X AS A
E 2-45. BE ¥ 53 L 24 3N
. Atotal Aexp Apore Nexp dp Ls N £
Filter
[mm2] [mm2] [mm2] [EA] [mm] [mm] [EA] [%]
Carbon(1) 40000 105.87 7.35 378 3.06 3.61 378 6.94
Carbon(2) 40000 140.40 6.45 285 2.87 4.49 285 4.60
Corrugate(1) 1809.7 16.76 4.95 108 2.51 0.79 2387 29.57
Corrugate(2) 885.9 18.46 5.07 48 2.54 0.88 2167 27.49
Corrugate(3) 289.4 14.47 4.14 20 2.30 0.75 2764 28.60
= J8 2-97(a)2 =ZX7| (P, 127.5W, 413.5W 2|1 1051W =ZolM 35 Fe| Zefof w2}
M HE HRe 52 #5(u.)2 SYe 2. Y P ZAHOA 7|3 E(de)ol S7tesF HE
L= APZF Zt457] 2ol us E7teks W22 motEof, Al(2.70)2F 22 ZAAD 5%
flolM EHgfo| xSt A= LIEHH
b.
U, = az < (dpe) 3 (2.70)
= 0{7|M azet by AMEAMFZE b7t 0.158652 L™e HA a3= OB 2-97(b)oll 2lsiA A
(2.71)1 Zo| HEHd == AS
b b,
u, = (ay X P,") X (dpe))“ (2.71)
26 — - Allometric Fit 12
24 11
22 5 104
20
Corrugate Carbon Filier ~ Honeycomb Activated  Honeycomb Activated 9
g 18 4 (d,5= 69.95) Cﬂ’rz':'; Iz’li{f;')m Cﬂzl:iﬁﬁ;m P 1051[W] ol ) /,@
i g_ﬁ ] mes@xBxEe e
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< 124 =T s  ° o7
> = P — 5—" 5 5 "
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H 2-47. 48 z=H
= ZREA
=il
NEEES 537 FE=A[m/s] N ZE
Case#1 None None None
Case#2 0 16.76 0 Z HolE ZE (M=)
Case#3 0 16.76 None Z HolE ZHE (M=)
Case#4 0 15.96 None 7t ZHE(AS)
(4) AMEZT
E 2-48. H3IAZL
= HI2
YT F35l A7t [s]
Al (Ms =XH)
Case#1 4 EelS
Case#2 N/A -
Case#3 29 _
Case#4 14 -

H 2-49. 719 E 2= 53
e - _ 20 eE el
Alg M 2% [TC] Zf 2% [C]
A =EAZE IS (45 =5)
Case#1 19.500 362.000 39.000 SHEeS
Case#2 19.7 N/A N/A -
Case#3 18.9 472.3 129 -
Case#4 19.1 494 1 94 -
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AR 45 2E)
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Case#3 Case#4

ANEH)

550 Test Case #1 :
LT :£362°C (54s) Measuring Height
500 : max
- ' Om
450 - —0.2m
400 - — L N

O 350
300

Temperature ['C
N
3
1

Ignition : 27s

T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250
Welding start : 23s Time [s]

% 2-102. Case#1 Raw Data Graph

- 115 -




Test Case #2

550
Measuring Height
500 g &
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450 + —0.2m
400 - —0.4m
T 350 -
e
@ 300
£
= 250
i
& 200
=
@
= 150
100 + Time : 435
50 + No ignition
0 /‘I I T | | I T I |
0 25 50 75 100 125 150 175 200 225 250
Welding start : 23s Time [s]
8 2—-103. Case#2 Raw Data Graph
550 Test Case #3 .
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400 - —
O 350

@ 300
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0 |R T T T T ;| T T T
0 25 50 75 100 125 180 175 200 225 250
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8 2—-104. Case#3 Raw Data Graph
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13 2-105. Case#4 Raw Data Graph
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5101 1002HIS 2 M Al AM HHZE & 2,0002H HE=Z & = US.
= o2t AHE SE[ZRT|S| FAPL SHANMO R Jistt I AMSHEE W|HZE WA 6007{A0|2Z A
HAS 1209 #2 HEE pebg
E = 31,626 314,089 17.4 -4.1 33,607 324,683 18.2 3.4
= 2 a 8,336 80,401 45 -16.2 8,736 87,414 49 8.7
H g 331 11,895 0.7 6.8 333 10,550 0.6 -11.3
Tg-Adx. 251 587 34,661 1.9 -7 626 31,149 1.7 -10.1
o . 1,157 19,506 1.1 12.7 1,129 20,475 1.2 5
=3k 2 -8} 1,740 12,076 0.7 -8.8 1,719 11,854 0.7 -1.8
A 2,012 19,028 1.1 5.7 2,276 20,350 1.1 6.9
A BNFR 961 6,790 0.4 -4 991 8,764 0.5 29.1
7Fx Blx] I 8x
= 51;30 A8 1,884 41,378 2.3 4.1 1,943 42,257 2.4 21
7] EWZAL, AP S 14,618 88,343 49 45 15,854 91,859 5.2 4
A = 57,997 | 1,343,811 74.6 0.7 63,678 1,311,343 73.7 2.4
95 dgFy 6,660 48,806 2.7 6.1 7,693 49,515 2.8 15
o} 34 = 9,540 684,640 38 3.2 3,603 518,750 29.1 2242
g | suAA 1,155 34,313 1.9 -23.1 1,033 33,279 1.9 3
FTd e aE 4,831 77,513 43 0 12,013 184,389 10.4 137.9
AL &9 9 3,528 120,159 6.7 1.7 3,553 128,257 7.2 6.7
s} ik 2,919 30,591 1.7 46 3,397 35,738 2 16.8
# I3 A AE 2,981 29,839 1.7 -5 3,244 32,047 1.8 7.4
H A 1,049 22,050 1.2 19 988 19,357 1.1 -12.2
THARGAE 10,962 172,175 9.6 15.7 11,981 171,011 9.6 0.7
AU ST = RE IR =R
- };g 198 2,421 31,363 1.7 -1.7 2,826 35,530 2 133
T g&dE 757 8,911 0.5 14.3 862 9,132 0.5 2.5
Z1A 719 A A 87 4,759 0.3 -19.8 84 1,695 0.1 -64.4
7] 133 11,107 78,680 4.4 2.2 12,401 92,632 5.2 17.7
A A 1,727 112,085 6.2 6.7 1,674 117,162 6.6 45
Z 7 4,443 31,094 1.7 5.5 4,401 26,853 1.5 -13.6
3 A 95,793 | 1,801,080 100 -1.8 103,360 1,780,041 100 -1.2
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5. o7 AFolA s&ot sl Ashr|s Y2

» S 2E T e TR 55 ARl @3t §hES vste] wAE Am Adgte] HeE ek
Ao §3 4 Jela dies EE ¢ ol [26-28]. 832 4wl dEs Thele] d9S
ST mo] weg o] e kdEste]l HgEw WY 842 ko84 gas metal arc
welding(GMAW)# 5| 3o}=-8%shield metal arc welding (SMAW)E &3l S [29-31]
GMAW:= 548 7R 8483 A A3 Apold] Zeh=r} ofas Abgshs a4d [32, 33].
SMAWS] 749~ A4 @AolA 71 wol AHgstaL 3= ofa &3 Y [34]. SMAW= ©27%, &
W, U, TERE o w53 8% Aleldl dES wustel d9e TAAAN S AT
[34-37]. apAITE AR A] ke o] F& U ofF o] aR o <lste] Wolx urbe $w
< QAL B, o] HAelA ZtAd BAR FEZF wilkete] dabd o el mEEhl HH 7k
=do] Halelo] FER QlaiA shA7E sk o= gl fldAel e

= AH@GA SMAW EElel o3 sA 194 A3 71U AAVE AFRE 5 A v w2
Ay Frow BE} nlbete] f57)e AghE= A9-[34-39]9F X Sawelu MEA] Y T
7t AAZE A om BEF uikg F F9ol oA uehd 5 S [41-45]
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Drecion
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SMAW Equipment

Shielded metal arc process, also called stick welding
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Song et al, Safety distance _for preventing hot particle ignition of building insulation materials(2014)

v D 3% UL 7IAROY HIA A SYZAO] 2 SIS OJS847] 2Bt0l, ERHOE UKo H]A
3 25 250 ME +X +48 0|F7(2], YA 37|12 25 Hsie]| M2 sia] Fiko] 4HEASE £
Energy Equation =
Theoretical Analysis for one particle "
| ~ from Gold-shleger £
= 4.
\- Frank—Kamenetskii parameter g
AH E E % i R SR s Ignition_ -~ 3mm, 720K
oo -
k& R, \RI, 5 24
| pobyurethane foam
minimum particle size (lonition) 11 No-ignition
0 —— T T ‘ . )
650 700 750 $00 850 900 950 1000
Temperature/K.
The limitation of this study
1. Mechanical energy generation and thermal & Number density
2. Complicated model
J8 5-2. =F & 2Eof €Y &4 4
S. Brandi et al.& SMAW wiZRls=(d5F, =4, f12Det 84S =, #7400 we dAke] 7] &3
dE 2 = ks =l AFHT 5 S AW AlASe] A7) EE EAESE

Metal Transfer Mode Classification

v ZHEBEAFLO= 10770

=% b Aof tisio] 4-RHIE

(free flight), 2Z]Z(bridaing), =21 2 S01&(slag-

protectediransfer) 285

Techniques in Observing Metal Transfer

v HIM SES flo] HE= U ZES dHos e

v DEEWY: AN a4, 3559

v ZHEEEY : 358 EHR, 0= 85, 22830 0= HE (250 E)
v 7§ : RU2AIS SHEHAS

Table 1—0W Clasdfication of Metal Transler in Arc Welding (Rei. 1)

[hesigrution of Transfer Type

Froe fight tras
Cleiydar

Spray

[y

Welkhng Processay (Framples)

L A
Ujl"—rullr‘nl T
ShUA ({Coated electiodes)

ihori-are CaA

tiricigng withowt irsetrupton Weklng wih filer wire addriion
Slug-procetied tramsfoer
Flus-wall guided AW
Crihare prashey SMA, Coredewee, Dectrosg
Experimental Procedure
v ZAZIo REEE MZsi0] 2 H M2
v =F YR= S Fohs il 2o AR 2= FS A
(rom : 890, SRR FE=31= S0 SZ == w=0| F2A| 227] M=)
v EYNEY+HEgHE F g2 52 A8l =2 A He] >
NEoz 34 AN o
v R =mFOIEA 2| 7]2(ASTM Standard B-215)0f 42} 37| 25

{4.75 mm, 2.80 mm, 2.00 mm, 1.40 mm, 1.00 mm, 805 ,um, 500

um s NS HEE HE)

welding equipment setup showing the SMA
electrode and the rotating copperdisk

a8 5-3.
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Table 5—2* Factorial mn Matrix Usedd fo
Shuehy the Weldhing Process
Variabley an Metal mnunim 7

upert

et

Becode Welding Wkl

Desg Diametor Currens g Polae
rapan  frm) A1 Fowon iy
W 4 o

1 4 150 P 4
Al 3 200 I .
c i 150 W e
A 1590 H .
BC i 200 " .
ABC 0 " :
o 1l 150 P
AD 150 ¥
) F 00 f -
AUD H 200 F
53] W 1
ACD 15 H -
B i 00 H

P 00 H -

sop .

20 4

® E6011
P v EBO13
v E7018

Exparimont A

o L

Number of Porticles Retoined

/5\;

Material depositedfrom a shielded metal arc welding electrode. A —Metal droplets,
metal droplets covered with slag, and slag particles; B —metal droplets after slag removal

—
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Diamater of Droplets (mm)

Metal size distribution determined for Experiment A to iltustrate the
larger number of small particles generated byan E6011 electrode

889 nf7iH

129 -

Ha B J|E 23



» Wang 52 GMAWSY i ZA7E 753817] 93} high-speed photography, laser—-shadow imaging
55 Abgatglon, 1 A7 ¢xte] A7) @ doUA| 9} drag effectsE 1#]alA] FUgolE B8t
AgAdvtel FHLE A A [22].

Tse eral, On the Flight Paths of Metal Particles and Embers Generated bv Power Lines in High Winds—a Potential ﬂ Ugye
Source of Wildland Fires(19988)
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The limitation of this study
1. Mechanical energy generation and thermal

2. Number density
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S5.R,Lee et al.(2012)
“An Experi,mental Stuah on the Fire Riskat Welding - Cuiting Process ™, Journal
of Korean Institute of Fire Science & Engineering Vol 23, No. 6 pp 39-43,
2009
SMAW 2IHE| E87|= ALZsi0q B|MEl= SE|2] 2, H| 4
X, 7/9S AHYS TR, Heixo] J2[0 JEE F
ROl 0= &ES 3510 Fidd =M

£l
0o R R
Thermal photograph Spread range of welding cinders

Distribution of welding cinders Photograph of an experiment

Ksenia.l, Strelets et al.(2014)

“Welding spark parameters defermination for cyclone removal cafcwlation
Advanced Materialz Research, Vol 941-944, pp. 2095-2103, 2002
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Frame digital processing of welding
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Ignition Study Performed by Hagimoto et al.
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