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ABSTRACT

Purpose: This study purposes to analyze the factors affecting the arc rating of personal protective
equipment and the effect of these factors on the determination of arc thermal performance value(ATPV)
in arc flash tests. Method: Partial least squares structural equation modeling (PLS-SEM) method was
used to simplify the complex relationships among individual variables such as environmental conditions
(Duration Time, Duration Cycle), electrical conditions(ARC Voltage, Current Total RMS), and peak
conditions(ARC Voltage Peak, Peak Current), and to group them into high-dimensional secondary latent
variables to increase the validity of the concept and clearly verify the research hypothesis. Result: ARC
energy acts as an important parameter affecting the Heat Attenuation Factor(HAF), Stoll Curve Deviation
(SCD), and ultimately the ATPV. Among the relationships among the examined variables, the incident
energy showed a moderating effect between ARC Energy and ATPV, and it was confirmed that the
incident energy had an indirect effect through the interaction of ARC energy and HAF and SCD in
determining the ATPV value. Conclusion: The need for continuous technological development of PPE to
protect workers from arc flash and prediction of arc flash accidents is raised, and furthermore, it is sug-
gested that selection of appropriate PPE, continuous safety education, and establishment of a solid safety
culture are essential for the safety of workers in industrial sites.
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ol 2R Yo7} 7R PPEE 2501 g0l Aozl A gt ol 3 ZeX] 2D E 5ok Aol FAlET F8
St Za I 4= ek

Australian Energy Council.(2019), Vihiamiki(n.d.)olA] AW o|2of| ke Bstal ofZ U A& A 7= 7 2 &
Q12 3]EApA7] O] 2pekg2to] wht Ao Eh= ot A& AL o] 7]'7§' HS Algoh= & Rl = Qlrt. of2gt ol
7 0 & AP AREA] oAl 2 HES v 2hd7] 52E/de APER Lee(2011) 9] B ATl A= ot A EAR S
0.04% 2 4PF51lS ol of=ofl4 2] 7]E0] 2.5¢cal/ar® PPE 54 1550l s ATt o] 24 0 = of72|& AT o] 6%
3712 7% ot=ZolH A= 9 cal/erf © & PPEZHE| 11] 354 ﬂﬂ%ﬂ%ﬂﬁﬂiﬁjﬂﬂﬂJﬂiﬂqﬂ}o il
e} ofF o x|5= otz F717F EHA 2F4RRe] QR ol 2541 1 8910 &2 A-85HA| = A ERlg
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A

7 A7} 342 PLS-SEM 2232 55

_Il)h

ot of=et ol 24 i e vig o=, 2 Aol dE ATPV*] =S Fojl A
of=L ZEfA] Afalell Y= mRlE FAEAES] TAIE A6, o F S5l ofF e Eel dE viRle 2919 24, T

=
=202 4] ARl 2Fizre] ole SEE P15t 7H‘?=fﬂ—t— PPE®| A HE A5kt 7|ofstarAt eict.

PLS-SEM EA{11t C|0|E{ X2
Jang(zozl)%PLS-SEM% 71&2] SlHEA Bl e A RER 2)3o] Ejof QIR AR RA, T2 51)
S Agtote] HgE Alo] 9] oA E ITHAIE e =
stoto] JARSE Aot A=) HEAS 4 Fall Q) g F= a4t ﬁk’kﬂ 7Fsstm o= 7H94 =
g Wk ope} of 2] Jlo] LS5 IR 4 Q7] thEell BHE B @ Solal ok
O IS e o 2 HAdekal 7§t =) ﬁe—% éu}z 491’8]—931‘/]-.

A glo]El= PLS-SEM 242 9J5l Jang(2021), Hair et al.(2011)-> |0 E] 1411] >t|o|g| TEsk> o g izle] M

tﬂ

o]
J
ol
N
1o
of
ol
o
,
N
ol
_‘(2|I_I‘
2
1%
_rL
i
E
oL
)
fr‘
z
\l
N

2] e oI
@ tlo]e] AA| : PLS-SEM-2 Jang(2021)04] BEZ| 22151 7]HEo 2 AZ=2] Heto] 7p5gto g ZHMpaE ARC

Voltage, Peak Current, Current Total RMS, Duration Time, Duration Cycle=, VM_ARC Energy, LVM_ATPV,
LVM HAF, LVM SCD, LVM Ei= #A{¥<x(Latent Variable) 2 To]E] A7} 3= 9 LVM HAF,
LVM_Eicl 2 252 (NaN)7F ZAfsHst Hafie B2 uleko & Mo] o 42) AA glo] 21astsick
@ dlo]8 %23} : Jang(2022)2 PLS-SEM REloflA] 3]7]54 0] AebAl-g o]7] 9fs}o] Sasl= o ]i ERSE=S
al2 Holglon], 27] 71EAE 1,002 BEeh A0 2 Heiuo] 4rhH o R Fa o] fAHEE Saskich
Q@ FAHAs S A
Jang(2021)2 22} A 4~(Second-Order Latent Variable)= 13} FAHH4 TSR AAEH 1 2 A4S Fol
A S 7 2E 23} ARG AFgsle] A 0 R 722 BBttt ShSIRHS Saslel A n
o] s AL Aol 3l 0w o5 F=5to] Table 29F o] HAHE AT

Table 2. Second order LV list

Second order LV First order LV 3 8.4
LVM_ARC Energy AZA, A7)|Z7A, PEAKZA
LVM _ATPV ARC Energy, Ei, SCD, HAF

Hair et al.(2011)+= Factor Loading%}©] 0.7 oo F-&5HH ARC Voltage2t ARC Voltage Peak#t-2 0.4~ 0.72 A
Tt SRS THIHRIA} 6182 7FS SRR A= thA: BERE 2 0 = SRIE|QITE Valdes et al.(2023)-> "Vﬂ
ARC Energy®] H| 2= Fato] Zgfe] gt F&F b dFet vl o] ke 2S 5T 4= AS=H| PLS-SEM 9] 4+
O 2 Table 33} o] 7HE EHH529] First Order LV 2] Factor LoadingZt= T2 o] L6kt
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Table 3. First order LV relationship

Latent Variable Observed Variable Factor Loading
LVM sHA27 Duration Time 1.000(0.000
- Duration Cycle 1.000(0.000)
Current Total RMS 0.910(0.000
LVM_%71%4
- ARC Voltage 0.428(0.108
Peak Current 0.780(0.079)
LVM PEAKZZ
- ARC Voltage Peak 0.531(0.222)

Table 3°]1A] First order LV 2] Factor Loading#t®] B-5F >0.42 UEPH O™ E5] LVM P72 1.000°0.2 S5
E 7Rt A o g Aisty Sl A SRl o AUt

@ tllole Hgh

OS2 488 A4S QI o 2E o s SANet S5 B AW HE PLS-SEM HElRoflA A

8 =
§ W2 2.2519] LVM_ATPV x SCD x HAF x ARC Energy, LVM_ATPV x ARC Energy, LVM_ATPV x HAF,
LVM_ATPV x SCDZ AJAJ513ct.
O AlEE HEH HF
a) A1Z|% EA: Hair et al.(2011)= A2 % 24 0] tj 3 419 2 Cronbach's Alpha %2 2-85191.9™, Table 4] 242

oA Cronbach's Alpha %t S H, BAW, S5H7F R >0.70] 4o g2 iE =2 A2 25 Slololl o

ZAH4=0] SCDLFHAF+=< 0.7 2ol o]= Eis 59t 24uj7iao] A3} tf5 Ao 28 M5 2851t

Table 4. Cronbach’s alpha analysis results

A HS Cronbach’s Alpha A HS Cronbach’s Alpha
LVM 2=z 1.000 LVM_ATPV 0.987
LVM_#7]=7 0.796 LVM_HAF 0.474(A = Y2

LVM PEAKXA 0.712 LVM_SCD 0.087(A =& )
LVM_ARC Energy 0.998 LVM Ei NaN

b) B1Fd 4 - 1A e (Convergent Validity) SHolA ZF ¥4 7HIHAAIE 7419 A1} Factor Loading
B o el A (Discri-
O~

J
el LVM. 77]371(0.428), LVM_PEAK Z71(0.531)2 oA Heto] H Q3 )
minant Validity) ZHol 4= Heterotrait-Monotrait (HTMT) 715+ < 0.85 2 W= #7721 4= 7F gelslh qLR o] o]
FOIZ|AL Qlom W TFApEo] SE QS-S SISk
© FAHA B FEHP0] ek} o]

a) LVM_ARC Energy : ARC Energy+= oIZZ2A17 A0S o] WEE = olvA] S Ul o= =1
(Duration Time, Duration Cycle), 17]Z71(Current Total RMS, ARC Voltage), PEAK Z71(Peak Current, ARC
Voltage Peak)°]l Jsf| 27 & ARGl A Q1 o7 Hg2 43ttt
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e
Incident Energy),

b) LVM_ATPV : ARC Energy”} PPEQ} TS 2R8I A Guft 114 0 2 o o U212 g5let 4= QA&
#OZ First-order LVY] LVM ARC Energy(ARC Energy), LVM Ei(QAtlHA],
LVM_HAF(Heat Attenuation Factor , € 734} 7<), LVM_SCD(Stoll Curve Difference, 227 EH2p 7} 3Z5HE
t}. Second-order LVEA] ARC Energy, Ei, HAF, SCD7} 53F4 © 2 ATPVO| JFS u|A = F Q¥R B 10
Ao A Az o] dEke 2}

CllolE =
2 Aol = of =L ZFIAI ARAL o] ATPV A9 H|o[EE Table 52 o] =35 2™ =3 o8l = 2]l

$J%]3F AITEX(Plaza Emilio Sala, 1 — E-03801 ALCOY SPAIN)°J|4] £=383F ATPV H|o[E|E 7|50 2 S|t

Table 5. ATPV data source

Applicant Reference Testing Date Standard
TEXTIL COHEN Y TEJIDO TEXCOSAFE FR 240 RS 07/06/2018 ASTM F1959/F1959M-14
GOMBEROFF LTDA. (AITEX, 2018a). AATCC 135:2015
JSP EVO 5 (DUALSWITCH/E-XTRA) ASTM F2178-17
OBEROI\(I,;II; OUP 0 HARD CAP 14/11/2018 AATCC 135:2015
’ (AITEX, 2018b). ASTM F1959/F1959M-14
ISO 6330:2012
T?(}?{;Eﬁs\/iosﬁi%g(s ARMID D1 210 RB(AITEX, 2021a). 11/03/2021 EN 12127:1997;pto. 8.3
’ 1EC 61482-1-1:2009, Panel Test
1SO 6330:2012
T?é{;gﬁs\/iosﬁi%g(s ARMID D2 260-EL(AITEX, 2021b). 21/06/2021 EN 12127:1997;pto. 8.3
’ 1EC 61482-1-1:2009, Panel Test
IS0 6330:2012
T?é{;gﬁs\/iosﬁi%g(s ARMID D2 260-4845(AITEX, 2019). 04/11/2019 EN 12127:1997;pto. 8.3
) IEC 61482-1-1:2009, Panel Test
JK Glotech Co., Ltd. 2023EP2977-S01(AITEX, 2022a). 19/09/2023 ~ ASTM F2178/F2178M:2023 Met.A
JK Glotech Co., Ltd. 2023EP2137-S01(AITEX, 2022b). 19/06/2023 ~ ASTM F2178/F2178M:2023 Met. A
JK Glotech Co., Ltd. 2022EP0703(AITEX, 2022c). 23/09/2022  ASTM F2178/F2178M:2023 Met.A
ASTM D3776/3776M-20
BULLET STOPPER FEBRIC 9812 6 OZ(AITEX, 2020a). 22/03/2021 AATCC 135:2018
ASTM F1959/F1959M-14el
ASTM D3776/3776M-20
BULLET STOPPER FEBRIC 9814 7 OZ(AITEX, 2020b). 22/03/2021 AATCC 135:2018
ASTM F1959/F1959M-14el
A AFF2 AR ER= A 0] B85l = Ho7dto] wfe} Al 71| thedstA| =3o] =] U|Th A[@ 272 ARC Current:

8+1kA, Gap of Electrode: 300+5mm, Distance between the electrode and sample: 300+5mm, Fuse Wire: 0.5mm,
Temperature: 202 °C/21+1°C, Humidity: 65+2%, Number of sample test: 21/22 times 2] 710 & FATH A A gsH7 o]
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A a=3fo] EATHAITEX, 2018a; 2018b; 2019; 2020a; 2020b; 2021a; 2021b; 2022a; 2022b; 2022c¢).

A2l LHE

PLS-SEM Q11 EHO| MH
PLS-SEM2] B8 SmartPLS GmbH AlolA] FE3H= SmartPLS 4.0 Versione 232} NT960XGL-XD94G 9]
H/W R Elof| 4 PLS-SEM= Table 62 o] /47d5to] PLS a7 2]E3} Boostrapping 5241

b
>
o9
_O|L
R
)

Table 6. PLS-SEM settings

PLS &are]&o] A% Boostrapping Condition
Eig= Setting Eig= Setting
Initial weight 1.0 Complexity Most important(faster)
Max. number of iterations 3000 Confidence interval method Percentile boostrap
Stop criterion 107 Parallel processing Yes
Type of result Standardized Samples 5000
Use Lohmoeller setting No Save results per sample No
Vary copula by binary categories Yes Seed Fixed seed
Weighting scheme Path Significance level 0.05
Test type Two tailed

A1 3 0] PLS-SEM-& -3t B4 A k= thaalh Zom 7 WH47he] A A| £410] 072 22 S-S 5
Hr=of] 87 Z74(Duration Time, Duration Cycle), 17]1371(Current Total RMS, ARC Voltage), PEAK Z71(Peak Current,
Voltage Peak).2 2 §Fg51%] 0, Eits H410] A=A Bk floto] ZAuriHa2 A8a1 1 A ola532 2
M| == ATPV 2} SA Sy 2 A M4y SA A7) AFSZ-E(ATPV x ARC Energy, ATPV x HAF, ATPV x SCD)<&
AR 42 28510 PLS-SEM S| -2HP4A1-S SmartPLS L& T3-S Edlo] (I tn o] 484712 Fig, 29} Zo| L5}
Ak

QN YO| A EM

W 7 AR BEAS 74

Table 7} o] AR 0] F 2 A1 F4] Ao, 7} ¥ 7o) Aol fojuet A=t 13 2] b2 H=E Hehs] A7
g+~ 2J3Ith LVM-HAFOA LVM-ATPV 22| Ag2+= 7
SHA] 3ttt o= HAFZ7FATPVOl 2521 Gk nX| 2] ghethe & AASHAIRE, 4228 Bt Bl (Ao =
JRS v 7HsAdo] it HHH, LVM-ARC Energy 2t LVM-SCD+=
IO H, p-value < 0.05= FAA] fo/d-& ZH I

o -
LVM-ATPVe] frofuet Febe n|x= 2 Mz
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LV_Duration Time

LV_Duration Cycle

LV_Current Total RMS
LVM_ATPV x
SCD x HAF x
LWM-F 2| Z=H 7] y

| LVM-ARC Energy N\« ) ARC Energy

LV_ARC Voltage
LVM-SCD

LV_Peak Current

LVM_ATPV x LVM_ATP
LVM-PEAKZ= 74 ARC Energy V x SCD

LVM_ATP

LV_ARC Voltage Peak W x HAF

Fig. 2. The result of PLS-SEM on research model for ATPV

Table 7. Path coefficient analysis by variables

A2 A4 (0) T 5A%F|0/STDEV)) p-value
LVM-2-3 274 > LVM-ARC Energy 1.000 373.562 0.000
LVM-Z7|Z7A > LVM-ARC Energy 0.019 2.142 0.032
LVM-PEAK %71 -> LVM-ARC Energy 0.013 1.974 0.048
LVM-ARC Energy -> LVM-ATPV 0.238 2.488 0.013
LVM-HAF > LVM-ATPV 0.025 0.481 0.631
LVM-SCD -> LVM-ATPV -0.158 3.216 0.001
LVM_ARC Energy->(LVM_Ei) -> LVM-ATPV -0.303 5.259 0.000
LVM_HAF->(LVM_Ei) -> LVM-ATPV -0.434 3.619 0.000
LVM_SCD->(LVM _Ei) -> LVM-ATPV 0.198 4.103 0.000

53] LVM-23 532 LVM-ARC Energy©]l 7P 2 932 nlAle B2 EAE|glom, o= PPES] B2 F100] of
2 oo m% o] ATk= A< ORIt LVM-Eits 27 1 EH ATPVol et 4 52h8 ks 53 fofula
FL I 2P(p-value < 0.05), ZAWFEA | oigo] Faghe AAITE T LVM-HAF O] 79 24 4¢] B2

ol
h‘ HS

2

£ ATPV] tiet gao] nlujshr| mie], e Atolii= 288} Ei= vlA g2 Aol izt 57141 Age] Wast
2 1t

ARAS

ARC Energy @] AAA57} Table 801412} o] R%:= 1.000. 0.2 1ll-$ izo} =] #i4x8H4, A7), PEAK 7)ol oJaf £
5] A= glom Eio] A%AIS R*3te] 1.00002 e o ATPV] 6& e M-S Aol ole A
Table 80114 E13F 4= It} ATPV(R? :0.474), SCD(R? :0.295)= 57 A x 0] Add g o & o] o] tlistod 2712181 o2
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= et A0l B oghS e QLo & 7HA ™, HAF S| R*%10] 0.689 2 =0} ARC Energy”F HAFE 4
1 22 HolFal §lom 2 A2 © 2 ARC Energy”FHAF O] 735t kS 1] %] 3l Q.o ™, HhA 22k %
A2 A4S LVM_ATPV x SCD x HAF x ARC Energy 2] R* 41 5414 © 2= ujl-& F-ojulskr|et 2 Al4=710.087

2 Yol g 228 W7 ATPV O] Whs-2 Ak At Q] g slal Slaa A & A3k

Table 8. Analysis of coefficient of determination by variable

ARAS R Al
LVM-ARC Energy 1.000 eheH A
LVM-Ei 1.000 Qheet A=
LVM-ATPV 0.474 47% s3] A ™
LVM-HAF 0.689 68.9%°] 2> e
LVM-SCD 0.295 29.5%2] F3ke] A
LVM_ATPV x SCD x HAF x ARC Energy 0.087 -9 w2 Mre

H.IO

Table 82] Aol HAF= BEAFE 7% 2= ATPVOl o]t FkS |2 2= @ARE ARC Energy©ll 93
Hrobx] 7F473 0 2 ATPV O] 583 Y2 1A 1L 922 /\]/l]-o]-_l 9lom o] 5l SCDO] A ATPV]| A H ] g5k
= A e Tas HpoA T 54 0 7 ATPV S 1A ok 5= RS VFERHAL 912 ™ o= ARC Energy, Ei
WSS 28] ol 24T siiie] Bad 4 ‘21?% UERf L gick

%
mlo
X
o4,
3_]:

23 FAE] 24 9fe)

O +320] T3k Jang(2022), Hair et al.(2011)= o2 712] S HpE 215 Adsk= T4, Second-order LVE ©]-8-5}
of B dS ASA 22 Bt w4 AT FTHeojA ] o] Ao shA S o)L, M Tt
O PAIE AHAH o2 FAo] 7hsosrtal 7&w] ik

@ AT PARREA 732k O]Eﬁj} T2 Ge2HE 551 First-Order LVE 7H] B A EAISk= A X T, A9
7S Ad7gste] W= 7H 4R Fakela S4sk= Zlo] 7FsshH ol =278 4] a4, 7714 84, 33 Q47FARC
Energy®l] 0]*] = G2 7EA 02 B Zlo] ofal, ©]F LVM_ARC Energy=h= Second-Order LV = 5310}
Z31A oJgko] gyt 7155l
@ A7) 83} 24 HAF®} SCD+= ARC Energy€t ATPV Afeloflx] 24 gk =3stH, o] RHdstr] ffalixl=
o 1£%9] Second-Order LV7T 295} Eis Z407H(Moderated Mediation) €22 <35 A] Second-Order
LV x4 o] TAE Kot dEstA S7go] 7FssHA Hrk

@PLS-SEM 220] 25k §FAF: Hair et al.(2011)< SmartPLS 7|t PLS-SEM 2 &o]|4+=First-Order LVRO 2=
Z2 23HJ(Structural Model Fity 301717} 913 7] whiZoll, Second-Order LVE AFSREO 244 4| R o] 251
o] WA=, E5]|, Fx W4 HE(SEM)A+= AVE(Average Variance Extracted), CR(7-341ZE|L,
Composite Reliability), HTMT (Heterotrait-Monotrait )5 EFd"d H7F& Ert AHotolA| & 4= A Aol ot
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o] o W4 700] A 2

@ Table 9, HAF ] 78R4 TH A :é@tﬂéﬂ HAF glol tiet =5 i 51 284 24 1) 213849 ¥AIE
stol5}7] 915l PLS-SEM-2 =385t A} ¥4 Z0]l 4] ARC Energy, ATPV, ARC Voltage Peak, Peak Current”} HAF
ol A(+)<e] FF m|A|al 91 2™ ARC Voltage, Duration Time, Incident Energy (Ei), SCD7}54(-)2] F3FS 221
e}, E5] o] M4~E 5 ARC Energy+ 733t A(+), Duration Time-= HAF | 733 H(-) 9] J&S v|#]1l Q.

Table 9. Correlation analysis for HAF variables

Original sample =~ Sample mean  Standard deviation T statistics

) M) (STDEV) (O/STDEY]) ~ P-values
ARC Voltage -> HAF 20309 0328 0.062 5.009 0.000
ARC Voltage Peak -> HAF 0.246 0.245 0.035 7.084 0.000
Current Total RMS —> HAF 0.019 0.007 0.053 0.355 0.723
Duration Cycle -> HAF 21.012 17.431 14.546 1.444 0.149
Duration Time -> HAF -28.502 -25.561 14.590 1.954 0.051
Peak Current -> HAF 0.117 0.120 0.046 2542 0.011
ARC Energy -> HAF 8.335 8.987 1509 5.524 0.000
ATPV -> HAF 0.335 0.327 0.098 3.408 0.001
Ei - HAF 20,450 L0453 0.197 2277 0.023
SCD -> HAF 20.197 20202 0.046 4331 0.000

o] A1}= F5l HAF+= ARC Energy2t ARC Voltage Peak FH<=0]] 2Jaf| 7| G 2O ™, 5] Duration Time} Ei2]
(2] G3o] 517 485101 HAFS AalA71e -0 29102 188111 9lck. HARL o} 2L SeNZRE V] 248
QFPPE7} 9 AR HE AAo] EEoh= oUAE At = A AeE Ueille A2 2|32 PPEC] & Xﬁ:} e
AFH o= Grlsh= 7|50 2 HAF7} =2 5 PPE7} =2 0] At G2 49k oJufshH, o]=
A]——HHOJ——ETE-] TAARE Ho G4 0 2 H o6k Q135 UEU= Sa 't 54 3 5 Sho|th. HAF+= ATPV.

HU
ro, or

o
Meooxt o FUO

(9] S TAS LEIEK AR AR = 0,335, p < 0.01). o= 0240 2 Eeeh Anjo]o, ATPVE PPEZL E 4+ 9)
A Ge A2 Mowm_amv 2ol 524 PPES] & AT S2o] Sslet 2 mlgntSAle] 15

O] H o7} =2 Aapd f&lf]_ HFRJ5al Qo= A& Y5ok= Aot ¥HH Duration TimeXt HAF 7Holli= A2 A4 —
0.285, p = 0.052 733t 3(-) o] AEHAZF UePd=t|, ©]+= Duration Time©| o} HAA] Lo Z &= AR o}
| Z
H

ARYol A5 5715k ‘?’i* 17 mi—roﬂ A 23] D k=52 PPES| W $HAIE 2617 RES©] HAF “d5-= Aot
174 5= ltt. 234 0 2 HAF= ATPV S g2 4 W2 s A e} Aulel] AIE 7, € g A5 71 2
ey X

mbu

S~

=7 @7 cumulative thermal load) 2 Q15HHFG 4Af| o] APt L2841 0 2 QIS HAFS ASHA7]= H(-) 2] 2F8-2 5L
UOH, o= 2 A A= AAA LR ofufe} Ao oA = PPEC] G845 F7 5k /lo] 583t 7)ol
24 9482 A1 ek

@ Table 10, SCD2] 7NHHS 7H AATHA] - 284 H 491 SCD gholl tigt S5 34 7ko] 2 # 01 A2 k1] $16}0]
PLS-SEM-253df| L= W53} SCDO| it A H4A| S =387 23 ARC Energy, ATPV, Ei, HAF, Duration Time,
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Duration Cycle<> SCD #toll H(+)2] g2 H|A|2L 21.2H, Duration Time, ARC Voltage, Current Total RMS,
APTV+=SCDO| F4(-) 9] F&Fa n|A|= Za &Rlskitt. 53], Duration Time-2 “3(+) 2} duration & F4(-) 0. & 7F2{qt
B PIX| AL 10™ ARC Energy”} SCDOl| 7F -frofmlet H(+) 9] daFa nlxl= A gRlg 4 Ui

Table 10. Correlation analysis for SCD variables

Original sample  Sample mean  Standard deviation T statistics P-values
0) ™M) (STDEV) (JO/STDEV))

ARC Voltage -~ SCD -0.249 -0.261 0.086 2.901 0.004
ARC Voltage Peak -> SCD 0.091 0.089 0.054 1.680 0.093
Current Total RMS -> SCD -0.023 -0.020 0.036 0.624 0.532

Duration Cycle -> SCD 23.717 22.523 9.845 2.409 0.016
Duration Time -> SCD -29.712 -28.941 10.978 2.706 0.007
ARC Energy -> SCD 6.446 6.842 2.336 2.760 0.006
ATPV > SCD -1.208 -1.222 0.200 6.047 0.000
Ei->SCD 1.113 1.155 0.296 3.758 0.000

HAF ->SCD -0.310 -0.314 0.064 4.843 0.000
Peak Current -> SCD 0.034 0.027 0.063 0.531 0.596

o] Atof|A] SCDE= ARC Energy, Duration Cycle, Ei F15=521| 2ol 27 932 1Ho ™, £5] ARC Energy 2} Duration
Cycle®] SCDE S7H171= 743 A(+) 2] 7H5 el =1EH ATPVRIHAF= SCDE AAA 7= H(-) 9] 815 71411

e SRIGH 4= AlSitt. 917104 SCD= Stoll 752141 0 2 HE] O] HALE 4=2] 3kt Ei Zﬂ 7} of g Ze AL}
22 12330 Z2E9S v 2 3MFS 912 71 9S Btk ] 85l A 3R 24 HE(PLS-SEM) £4]
A}, SCD= ATPVOl sl -F-ofreh-3(-) 2] FaFS v|x= 42;%%%5}(73_@4] —0.158,p<0.01). °O|*=ATPV=

PPE7} 21Hst 4= Q= Zd] GoflUA] $5-2 L= 1, SCDE= QIA|of] AR EEst ofju 2|2 ¢Igt s} 7154 o] HA)
S HM5IE 2 o] T A H= /g A 0 7 Ag vl BAof| 2ltt = SCD gho] F7IkcE= A8 H o7} 715 o5 s
< HoHA Stoll AR S18THAIE ZslA] QIAlel] ofFelvA]e)] e2d 7hsAo] =5 Aok Aog Arfdor
SCDgko] &t 212 PPEZt B2 S+o] AhdtolA] 3k Rg-& e ofefl w2k ATPV 2] 4] YA 417 e]
5 oJugith. o]=SCD ko] 2(-)2] AZAGel A SCD7FATPV Zkell #l5lol] GRS n| Xtk o] 24 ZAS S5
™ PPEC] G2t 452 ot B7FsH=H] SCD7F 523 2|3 9] shelS &1 4= l3loH, o]eh="d7/}= ARC
Voltage->SCD+= ATPV->SCD 2] g3}t o] Fy(-)9] @102 et T SCD H3lol 7|0 4= Qla-& Hol

QL2 H0]| Chot Q4101 HE Znt

PLS-SEM2| 2443}

Table 112] A77PA9] AZAn= $4 Z7(H1), A7) Z7(H2), PEAK Z7(H3)-2 25 ARC Energy©ll -3-2Jngt
T2 n|2)= 7o 7 FHelr]g] o1 ARC Energy= SCD(H5)2F ATPV(H6)o -5-2]u]¢t Hak- u|% o U HAF(H4) o= &
OfsHA] o2 A o= LR BQh ARC Energy(H6), Ei(H8), SCD(H9)= ATPVOl| -#-2julet & nIA| AT, HAF(H7)
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O] ATPV Ol tiiet 2134291 FF2 AR = f-oJ6kA] ¢k

E5] Ei9] ZAGYHLVM_Ei x LVM_HAF — LVM_ATPV):= HZ2ASG § = -0.434%, Ei7} LVM_HAF2} LVM
ATPV ZFo] TAIE F(-)9 o= 8ok A o= SIS o= EiZt 5715 HAFZFATPV Ol R|A|= Gl
AAGHS omfRlt). 5, HAF gto] =t2te EiZt AXH ATPV 2] ofF B % A 5o A o = 7HAeh 4= Q132 AJALSHH,
p-valueZ}0.000° 2 ¢ -2 4===0] F-olu|st A gVLE H Yt

Table 11. Results of verifying the research hypothesis

AT PR A7 AEAGB)  t-value p-value  HASEY}
ARC Energy 274 HI1: 7427 -> ARC Energy 1.00 373.562 0.000 e
L]l gt 5w H2: A7]Z7A -> ARC Energy 0.013 1.974 0.048 A
e} 7Hd H3: PEAKZ 7 -> ARC Energy 0.019 2.142 0.032 el
ARC Energy@} H4: ARC Energy -> HAF 0.025 0.481 0.631 712
TEHAT 9 SAS H5: ARC Energy > SCD 0.295 3.325 0.001 e
ZHA ] digt 7+ H6: ARC Energy -> ATPV 0.209 2712 0.030 e
R H7: HAF -> ATPV 0.025 0.481 0.631 7)z¢
24 g olo] thgt 714 HS: Ei -> ATPV 0.553 4.109 0.000 e
H9: SCD -> ATPV -0.158 3216 0.001 e
%;&%f;}oﬂ oIzt H10: (LVM_ATPV x Si%:(VHAF x ARC Energy) 1330 7469 0.000 _

s .

dMd A

151 7Md A% A1} Table 11914 ARC Energy= SFAZ7A(H1), A7 271(H2), PEAKZZA(H3)ol -S-2jn]t ek it
o, o 2424 Q<2lo] ARC Energy ¥-50l a3t 92 k= ol ERIFSIT:. ARC Energy+= SCD(H5)2t
ATPV(H6)Ol F-om]et = w;qu} HAF7} ATPVOl HIR]= 23441 F3HHT)2 F-2lokA] ¢hot HAF @02
ATPVE AWsPr]ol= $H7} Q18- HojErh Eit ATPVOl 7FE 5a3 24 Qglog 30lx]Qlom(HS), SCDE=
ATPVe] F(-)e] F3F= mlA of 2 —E}W AAGE Hste] Tizdet @ A& AJALSITE miR|2ko 2 ARC Energy, HAF, SCD
O] /e 28(H10)2 ATPVE] W52 Aot o] =gt A elg Holm, o= PPE A=z} o} 5 ZefA] BT Ao A
ohret 891 EekH 0 2 vafsof g HofFal Qi

910 B

Holel] T
el O}E%EHW} AL QI ATPV AT 2 2Rl e ool L), S, vjoke] 2 59
5 AR ATHIA) ok L ISP i 0] A 2 sk /I AR, B ARl 5 1) A2 24 5
o17] 7427, ok QFA, OF BN 1), 2xtefo] 27, 7]

Al 27, A of10] ok K- 42 F)ot
=

] A 3
T 59 TR 5 olZEA ol WE OS iRt ]lo] ARt Technical information of the Korean Electrical
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Engineers Association(1992)). Z12{u} o]2]gt theFet H<mof thgt AfarH|o]E o] g7 @A A 0 2 ofgfgo] gl= A= el
A ATPVAIE-S Foll EEH tloEE 2Ae 2 Igt tlo]e 9] SHA-2 5] Qlrt. gk 2H¢] e 2] E4
A7)0 Fit B 5 F7HEQ1 Mg EXobH, 2HRte] e, 2Fgate] Qb oAl b w-so] gk, | 7t
Zxto] o=F Qb ] AlAHlo] G284 S -2 AR ME Jlelote] ol Al e tigh F7FAQ1 At

B asit

O:
O

PLS-SEM 24 E-49] 34|
ATPVAIRAC] B =djol| Al 7ol §lat sejof| ] a8 = A AJdH]-go] 17to]m, I 4 0 2 & AA| ATPVAIA
= = dlolE7 AP Y Htol] glglom Hlole 7t ARk o 2 Shi &7] ufjZof] ¢91x
101 W= 7He] A1 AFIEAIE 2h 5] Aotal 9] FolA ol S5t oAt AR A EE A3 shA
AR At o] AR Hof| tiRt B EA( §) ] o] FER = A EHE R ANTAIE S
=l k. 1225t o2 A] A4 B0l S HlolE7H EA Abigd ol £
tﬂO]Eifl‘rT Telo] A e = QAR tRE AHdgbdolu /0o T2 o]l tisiil= o]et thE ATt LhE &= QlofA]
ATPV A[AeH o] dutstet A of A7 A== Abare]) gt @7 A-8-dol| gt Aaa s 7141 7 2

H.llﬂl
Ni

J
o:

22

o Qo
oAt} gho] KA Aol k2, SA4|H0] ARC Energy= ATPV 53 24 2] 71 Z-a3t ¥l o g golr|glom, 5t
2] Q2l(Duration Time, Duration Cycle)Z} 7|2 Z7A(ARC Voltage, Peak Current) 2] 5314 S Hh= 710 2 3121

.

T
A

|

ARt H 97155 A7d5k= ATPVE ARC Energy 2] H2lof]| 11Z15}HA| HE-5-519, 53] Duration Time©] 57 F

ARC Energy”}F-2olr]sHA 7151500t o= of =L A< AlXHe] 27} PPE ATt AAof] qlo] B2 S ofr]jitt.

Duration Cycle<> ARC Energy©]l -] 32 v|H=t), ol= ofZAte 0] E-24-5 ARC Energy € 7|97 =L ot

Aol Zo] AEE ot 'WAJo] ARC Energy & H2IA71L Qa2 AARIH:

ZAHS W =HAFE=ARC EnergyE}ATPv 7}_4 FAAQ 24 GE HYA| R Hlo]El 7} 574]142_% GolulskA] oF
urp

Ol

oo ox

ATPV 2} Peak Current= HAF% WJA] 7]% 74 @ ol @olo 2 ATPV] tigt x4 tH#EJ 9 U]—‘S— Qiiﬂt}. &3k SCD
= oM AR e PRE A E=2, Q) Gk= v]oFgl 0L ARC Energy @t & -3 7H] nfi 7 Mig=24] &g 4-a451%]
c}. Zuj7 =] Eit= ARC Energy®F ATPV 7He] Z-a ¢t v/ =2 Shelx|l om, et 2o A 2t HS A%
O] 2|3 = 2F&5I3int. o= A ol ' EASkE BiE dets] 7okl ved Eakde xRtk

E o] et JF2 ARC Voltage®} Peak Current™=Ei2t ATPV O] A& © 2 Lhe ks U]%‘,\EL}, ARC Energy
O] H3}E Ash= HXA Q1 &= YERIT) ¥H Duration Time®} Duration Cycle<> ARC Energy©ll 733F F3hS A=
Hrefo] ko & mA| Al glow, o= o]2{7 g 2310] ARC Energy 2] .87t 942 21-89ka Hojal Qlrt.
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Q9| A=
H A= ATPVA|H|A] ARC Energy®} €4, 717], PEAK Z710] ATPV 53240 n|A= ke BA517] 95
PLS-SEM RS Z-85}3irt. 4 A3}, ARC Energy+= ATPV 5= 275k=t] 7 & @ A 2R85H, 59
ARC Energy”FHAF 2} SCDO RI2|= 71 @b} gl of 2 AtolA Aot Aol
ofeh = Itk o= PPE 4:A|9] & AP 450l At He A5 A Fedtt= As 94”]5‘5’— U}, =AM =
ZZ(Duration Time, Duration Cycle)-> ARC Energy®]l 7 & G v]A|H, Z7]
Voltage)?} PEAK Z71(Peak Current, ARC Voltage Peak) = -3-2|1|H A S B At} 24 W42l Ei= ARC Energy
S}HAF, SCD2] TS vhi7ietHA] ATPVE] thet ths 24 a3kg veliich
oj2fet A At thFH O A9 1785 AV -8 w2 E AT A5 ks 7 A o) ARgo] A ER= S 9
ojeteh thek SCD O] 737 A+ O] H = A7 HAF Bk &2 FAA onl/d2 7] 1L %’l%tﬂ, O]L A s Al
SHAX SPIAARIE 2154 0= HUE|Rsk= Zo] ATPV 55 7iA b=
AL/ AP AFSSHAL It ERFATPV Al O] S5HpQl €75 4] 49t 714 215 E% ks *HET PPE *274]7}
5o 7

P QSR A He1g 4 U900, 2I24e] S HASH] 919l 214421 PPE

ob«

0245} S SCDS] e} 8ol e} ol ol A 2 A ol 1S 5
AT A2 SR A28l0) w9 T FRT T4 % sflole. Te]3 e Aol A ol Seh A A of
Hlah 21T PPES 2511 21918 5ol 5to] o} TBeA] AT AR v ke Al At @0 2
LT A2 ol 4+ Y= WHEHe) AT T, UobH @] o whefe] ek, Te)m Ake) balel o B
8 240] B9 o B DA Fa8 A} E Aol

E4), HAF= ARC Energy®} ATPV 7] ZAZI¢] =
PPE 27f19] G 2pdk Ad50] 583 a4-0|x|gk ohE BIQlkE9] EobA 11ej7h Hashy, A7t w2 Adgels = o
$=5] A5 o] Fold i1 S| gho 2= izt H 57t FR61A] ¢k 4= ole= AARI
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A, o A A @24 Ak ARC Energy@FHAF, SCD7HESH © & ATPV ZA ol 93RS n]th= A2 7ol
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