$52% 552 M. 984-995 LN ZN Vol.52, No.2: 984-995
2026 %2 H 28 H High Voltage Engineering February 28, 2026

DOI: 10.13336/1.1003-6520.hve.20250778

2 RIS N B B 2 B & ST SRl e AR s A

g, ER%, EHEE BEN Fom, KEZ

(IR A L% LE T EERE (BB KRF), H 710049 )

B . APk RIS S OB S A RO . IR, AR B A0 O MR SO 2 5 ' 1 Y
PR omiE, B ESIRIGR LML . XN R TR SO R AER I, BEMTR IR TR S 2402
Wro 8T REPGRLS IR, AL T R RNAE B T RRE AR S, B8 T RO RO L R -
SHRTEE RS AR RGOSR, S AR IS TR A R T R e, B B SR A T
AR IS B S . S5 RRY], BRBICRN 5, Jeilk ki REFIG LR 28 n, Hrh 510.6 nm
BRI REIG R T340, IR R B A TN, H i i T A DY 0.05 eV, T L TR
LTI RN 7.06x10% m™; frfim, WSRO 2 o AR R T R RS S B RE G KL R, [
It B 1o A2 B A R 1A e e I RE A s

REEIR): RADEHE; SN MR AL AR AR

Collisional Radiative Modeling of Vacuum Arc Emission Spectroscopy Considering
Absorption Effect
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(National Key Laboratory of Electrical Insulation and Power Equipment(Xi’an Jiaotong University), Xi’an 710049, China)

Abstract: Optical emission spectroscopy is an effective method for measuring key physical parameters in a vacuum arc.
However, radiation absorption inside the arc plasma can significantly impact the spectral intensity and even distort the
line shape. These effects hinder accurate spectral identification and consequently compromise parameter diagnostics
based on optical emission spectroscopy. To address this issue, a collisional radiative model for vacuum arc was developed
in this study. The model incorporated electron impact excitation/de-excitation, electron impact ionization/three-body re-
combination, spontaneous emission, and radiation absorption processes. The synthetic spectra were generated by coupling
the model with the radiative transfer equation, and key plasma parameters were extracted by fitting the model to the ex-
perimental spectral data. The results indicate that, after taking into account the absorption effect, both spectral emission
coefficient and spectral line broadening will increase, and the largest increment in the emission coefficient is found at
510.6 nm; furthermore, both electron temperature and electron density will increase, and the average increments in elec-
tron temperature and electron density are 0.05 eV and 7.06x10%° m3, respectively; finally, the absorption effect can
directly affect the particle density at the energy levels corresponding to the radiation by changing the net radiation rate,
and can also indirectly change the population distribution of the arc by changing the energy distribution state.
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Fig.1 Schematic diagram of the experimental setup
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Fig.2 Configuration of contact used in the experiments
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Fig.6 Calculation procedure of the collisional radiative model
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Fig.7 Fitting results of optical emission spectroscopy

RSO GIE K I R e MG E, 2R WL 1R,
Horp510.6 nm FGHE R S RBOG R RO, T H AR
ALV 26 A 2 72 7 AR
Xr_XO

% (19)

T

o =

K 61 NH RN 2 T A bt 2 0Rn
T T ARy Xo AT X0 ol g o't~ AN =5 FE IR WA Ak
Z I A .

RISk A PR O R v, SRR 2 By
N, e E R E R AT E . BRI
R JG, ARG M s A i, B2
LA MBI SR, TCIRTE R I IL A2
F RO SEL T, em SE AR/ T 1 nm.
3.3 IRUIRI TR TS 3 9 Fr 920

AR AT T IR RN X I B R T A
23 ) Ap AT o, Sas B I IEAE HL AR 2 KA,
SIS AT SR AN =5 ms. I SEE6 LA
FEHL, T R ARG X N AN [R] 2% T4 ) T
BT,

WG VAT 2850 I8 K FEL - B 2 1) 3 AT 2 T 1 5 SR 2
B9 fivR. 2 Pt BT, BFRENSHEHE
& 09~1.2 eV, FHAERN MUK, BriREs
(] oA IS Ik /N G B et ELEET P AR B
() R P I R s TR IR A . A, BE
WS RN, 2 Je IR AR BT, a2 BRI i sk
REJg/D T RS IR G R RE Rk . RN, 7Rk
[ Bt P B B )P R8 BE E 5 0.05 eV, HH TR
1 SZ Al v 7 B R R N o



990 e B R 2026, 52(2)

4 5 23 4 .
——t ., | TG ¥E-g, g 11.4
2z P BB W-—c | ~ | ~ ~ —=—E B, P =
W 3L —— R -1, 14 A GRS ——E R IR -1, -7 a —_1.2 '
i T % Ja5 & 1 = H410 =
8 L'e1*s g g 1" 'g
= E g = = =
Pl IS I 1 15 ¢« 108 o
g 8] £ & -
3 12z | B B = —_0.6 =
wf 1+ 1 é ! mf Wf 1+ 17 wf 410.4 mﬁ
T\:): /o o\ q1 i; 5 \:: ] § ] E:
] —40.2
é ¥ R\ 11 ]
0 = [ SIS Jo 0 boosss88883880" 0555558000891 -0
510.4 510.6 510.8 515.0 515.2 515.4 515.6
¥ K/nm ¥ K/nm
(a) 510.6 nm (b)515.3 nm
-3 0.7 - 2.4 <52
2.0 —— -,
= ~1 ~ =06 TEEBYC |~ |~
'y ' ' 'ay r —.-%Auu&q&_ll. 'y '
@ 2 s %05 @ @
7 1.5% Jfg9 F % L T T
2 S E Eos g E
T iy 5 T t 1.27, 41 %
= 10 & E Eo3 gl s
= = 2 = = | 2
% s's g T |z
> iy | & = 4 o
& & ~ @001 & ~
0 0 0 ' b -
521.6 521.8 522.0 521.8 522.0 522.2
% K/nm W K/nm
(c)521.8 nm (d) 522.0 nm

K8 Ayt A

Fig.8 Spectral distribution of copper atoms
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