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ABSTRACT

Purpose: In this study, fundamental research was conducted to capture sparks generated during the arc
welding process. Method: To this end, a mock-up collection device was developed, consisting of a
blower for suction, a nozzle, and a filter and magnet at the suction point. To analyze the correlation
between the shape of the filter and its magnetic properties, the porosity and pore size of both carbon
filters and Colgate filters were quantified under conditions of a welding machine capacity of 1,800W
and a welding time of 70s. The collection efficiency of sparks was calculated for magnetic strengths of
2.6, 3.4, and 4.05kgf. Result and Conclusion: As a result, empirical formulas were derived for the
blower's suction capacity, magnetic strength, porosity, and pore diameter for capturing sparks, with
experimental results confirming consistency within + 10%. The findings of this study are expected to
provide a quantitative design approach for collection devices that can minimize the risk of fire spread
associated with welding operations at construction sites.

Keywords: Welding Spatter Collector Device, Porosity of Filter , Magnetic Force, Welding Fire,
Welding Spatter and fume
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o} -BF(Arc welding)> 873382} =AY Afe]of| ol 2 B-& YA A -84 8= -§-55to] thdet a5 A1 Hdshe ¢
glo]H, A AR oA 71 o] ARSE| T Q1= -84 W] - SOt Hojjati et al., 2004; Hashemabad et al., 2016; Liu et
al., 2018). SFEA|9F -84 Il A HAlsh= -84 8(Welding fume)ol] 2J5l1A] Q1A -f-514d &2 o] ¥hAstH, 2Hd 214 9]
o] 7tA=E= A== -84 BE|(Welding sparks)oll 22t 1Al Alal & 9]@/do] Hal=] 11 ¢Ick(Narasimhan et al., 2019;
Urban, 2017; National Fire Agency, 2023). ©]2{¢t o2 SH=AFAPH B AF ol A= 84 214 dAoA 84 gl 9
St QUA| ol gt EEloll ot SFA 91/ ooty f1aliAl M8-32e) B vl 213 R 8-S AN A ﬂlﬂoﬂ‘ﬂo}
off Tt 71&]3, & viEstom, Asl AN oo 123t 2 FEiE Wt 5= AR HE At Ryu,
2015; Lim, 2023).

3 84 &2 AASH | Sl AARRE 87 1(blower)oll o9t Z3A] S WA 747 FX(Electrostatic preci-
pitators) ‘Al o2 :r”j St 4= 9lth. Ha 5-2(Ha, 2007) Y| 27 oA W(Fan) -2 ARgSte] 7] Hi2lof w2 {7k~
T WA G8s 246k o, aaAQ 7] we] 371985 124l 2] FH| 52 AR HE Itk Xu 5-2(Xu et
al., 2016) 4%14] HRI71E AF8ste] 2 URFE siEoHA] ol 2] UH-2] 34 A=i(Electrode)oll F-2Fok7] Q13t
0] A, 25 =31 e fstof whEbA 0.2-120um 3719] u]gA ZH-g0] AT PAIE A o2 FASH T

71 AR Zo] folrkAs A Attt & AR 7] o] AR A 9 v At EEA Rl AL AR SHA £
A S IRt BIAE B E] 17] A il Tt At mik e FE5E Ao] Aotk B9], EE9 B V12 4S5
A a-2-0] o M AF o] G dEl= ZE SRlstal oLt A2 o] 57] Bl AR Aol whebA EE 7o) 5l o
Q712 Ae A= gl Aotk b 2 Aol s A S A9 F871E ARSste] thed vl Elet A1 o
7] I3 AR AZE ARt 7|2 AeE Soto] ] as ATRAIE EAlekaat etk

i&
El

Fig. 1-2-2] 34 942 Lehi Jfekzolt, J2io]4 Biso] §4710] 2212 Q7tslel §310] 85519 BAf(base
metal) ] 52451 Q- E]7} 292 HlATs)i @ato] WAYRIeE, ojefe 7oA AHelo] Rkl 74| £41 4] 7]
S 2l Sl BE19) & TUUE,,, )2 AT 20l 557100 ot A=k, Al ofe FU(F,, )2 et
% <let

E = E)Z+E7I(1 (1)

otal

71X By AA Aol A 2AdAte] 17 efste] 223710 BEE ASistolof shARE, TEE YT A U
2Q¥o] S7koto] 5ol Aot Hrt. webA £ 2 EE 9] 7|58 HStE 1Rt 71E ATARIE
Zro] &S 4= Itk Shin et al., 2021).
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Fig. 1. Schematic of welding fume & spatter extraction system, assumptions for analysis of the collection force(#} ;)
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Fig. 2. Simplification method of carbon and corrugate filters

Table 1. Porosity of carbon and corrugate filters by simplification method

Filter Carbon(1) Carbon(2)
e [%] 6.94 4.60 28.55
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Fra = f(G: hya) 3)

Fig. 3<a>= 2 Aol A ARERH B8] A ARl A2 /e 2 84 EE 9 F HBHA M, 11088 AH(P,), 84
ARH ALyl ThEbA] A(4)2 2o TAAS -85 TH(Shin et al., 2020).

1.289

Am =(29x107°+1.23x10 S x A¢)x P 4)

p,total

A71A P,=1,800WOlH, At =70s%] ZAOA 7192 B]E](Gauss meter) S A& A4 Tk] 7 7] Hatof whE 212 2]
2715 ASsith 247 FEH SYol= € F57(Temperature anemometer) & A8t ZE] 9] 43} I37] 85
Hole] g HE UF §A410] 25 oF 52 A5 oM, 2 Aol A ARG A7 AR 9] 1742 Table 29+ 2Tt
ZE EE 9 A(m,, )2 Fig. 3<b>lA H2o] 58712 U 2%my, ) A 24 &8 ddm,,, ) &
gro g 2(5)2h k.

M, = My, D + Mypa, D (5)

A 2719 B8, )2 85 EE 2 & LA A m,, 000l HWA SZ719F A2 2ol ZHH =€ o] A7

(mc,p) H|E B R.82 LFERH /\1(6)4,]- Zro] mAEH 4~ 9t

M
Moy = L 100% (6)
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<a> Welding collector apparatus <b> Analysis method of collecting efficiency

Fig. 3. A picture of welding collector apparatus and schematic diagram of analysis method of collecting efficiency

596

KOSDI



Yeon-Je Shin et al. | Analysis on the Effects of Filter Shape and Magnetic Force on the Collecting Efficiency of Welding Spatter

Table 2. Specification of experiment apparatus

Measurement Specification

Output current (20-220) A, Rated input voltage 220 V, Electric power 0-2.5 kW
Rated duty cycle 60%, Model : Rolwal MMA-200E

Blower Capacity 1,051 W, Inlet diameter 0.12 m, RPM 3200
Max. measurement range (T 500°C, u 50m/s), Accuracy (T 1%, u£1.5% F.S)

Welding machine

Temperature Anemometer Model : KANOMAX anemometer 6162
Precision balance Max. load 320 g, Accuracy 0.1 mg, Model : PX224KR
Magnetic meter Max. Range 30,000(DC) 15,000(AC) G, Model : MG3002

X 2E| XA B8 A

Fig. 4<a>1 2.6kef, 3 dkef T12]74.05kef?] 2422] 27)G) 22l ] 014712l (h,, ) 1ol whe Aele] ofeh &
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271 502 Uehdtk
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Fig. 4. Effects of installation distance on magnetic force
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