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Abstract

Electricity is one of the most widely used energy sources in modern society. Ice, Kkites, plastic films
and other types of barriers on transmission lines pose a huge threat to the safe and stable opera-
tion of the power grid. Laser technology has a broad development prospect as it can remove bar-
riers contactless over long distances without power outage. Firstly, the absorption and thermal
melting effects of different wavelengths of laser on different types of barriers are analyzed, using
two typical barriers, ice and plastic film, as examples. Secondly, the minimum power density re-
quired to melt through and effectively cut transparent plastic film is also determined experimen-
tally. Next, the influence of different laser output modes on the efficiency of barrier removal is
compared. The damage thresholds for different types of insulators in laser barrier removal are
studied by experiment measurement and the effect of atmospheric conditions on laser barrier
removal is also investigated. Finally, different types of laser barrier removal device prototypes
which have been developed are also presented.
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HLAE R AL B ) 2 IRRIR . —, B4k, B REAL 200D, A e F 2R K A
Pdig . #2019 K, FE 110 TR A& UL B R 4K R CLaiA 3 109.34 J5T2K, AHEL T 2010
I T IE— . AR T 2ER LIS RERATY), FIRRIE AR EEUR, E AW RE BT DL R BRI I8 5
Hitl, St AE AR IE AR m[1].

WO LB RS AT A =R — BRI, Ak MESEEIRRY), RSN E
B, HIBFINREE., EWHE. BOLERESAME, BHEFM. E5RE5MmIC g b, RG>
THR5%. K5 RINAGEIEE, W55 R BZe AR AR A R S, R 4% T
FWBKES. SLRBEKISEREGRL KRS EWR, S NE UK 30T e iE SO (), AT
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FEG 1 i B 5 A 15 B ARk vE . AT AR L SHE ZE3055, (R4 BBk UK T I R HULRR VKL,
PO EBRUKES . RV T B AR, IERATIRK, AFRAERERZE, B IRHELA G
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T DER SR E K. SERRMER T, IRZRROFEBOCSE, GIaBotEK . TIREESE, (F
FRT BRGSO L WL AR, DA RIS B S (R B 5 A0 2 0 BB R ™ AR S [13]
[14] [15].

AR EW T T WO HO B R RUR I R R LL RO 5 AN ) 28 BB i 4 2 R RAR ELAE R . AR SC LA
VKRR, 4387 I SRR IR T AN R KOs 5 A R 28 RS A F R AR BOR s il i 5258
IS0 74 50 SORL 5 A A D) 15 W SEORL P 5 (RO T s SRBR & T O AS R B B 48 2T 11
TR EBE: 347 BT M RSP D2 R AR AR A BOL S BRIRAUR L 5. 45 & Rk s
AT S IIR A R, BAWHR T AR WS IRENLIF AT T SE I
2. BB KRRSERIEEERNRR

PO BRT BOE RIS A AR TR B _EHR TR0 S0 B S PRI, i LR R i 420 ) 2L B 2
LR, HAE RIS, S WEEEREARIEG, HRICER R BB TR RS, ik
SRHE RS N BAT — 5 et . A ST T BRSO X K B BUR i ST B 15 4. SRL R 5 7
UK, R S O K A (K 6 R BEAT TR
2.1 BAEBKR T BRK BRI NG
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Figure 1. Laser absorption coefficient in pure ice as a function of laser wavelength

1. TR SRIK IR R B S HOER KR X R4k

BOCBA 2N T OGAEUK P AR B B = AR, RTINS BR UK R4 T RN 5 BROKSOR 7= A5 . 3%
KEKMHEOE(N 10.6 mm [ CO, WOL) UM, BOLRIOH IR, IKZ R 2IZRR; PR
FRHOCRN I, B THOLFEREROR, RIDVEIIERE, BRUKENIRE LIHoh, IEEKR LR
05 AP T N AT NI 2 A S 7 BB PR ST PR DK AR A AR, 28 T A B PR B 7 4 ] 4
i, EAEHAEARK 1064 nm (ORI BR A EOCI, AR A 1E R LR UK, (HA B O6 a2
i, AETRA, WIEMNTHESTRRIK6]. REM, MAEMNEREREOL, 7SR
R AVE GG R, FAEAR R DDA T8 A T8 T AR IO
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NEAE_ ERFER T, AT ANSYS B T HOLER K REHEAT T AR 5, BUEHOLEK Y 980
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Figure 2. Simulation of the temperature field when laser irradiating ice

2. MRS EKNREANESER

M (kPa) m—(kPa)
00365 51941 103.846 15575  207.655 0 2122 84245 126367 168.489
25980  77.891 129.798 181702 233.607 21061 63183 105306 147428 189.55

WOCAERIRT A : 1s WOCTERIEFA): 5s

NODAL SOLUTION.

5
o
0
m— (Pa) —
0 22728 45455  68.183 90.91 0 16406  32.812  49.217 65.623
11.364 34.091  56.819 79.546  102.27 8.203 24.609  41.014 57.42 73.826
WOLTEETE: 105 FOLIEMBI: 155

Figure 3. Simulation of stress field when laser irradiating ice

B 3. MARSF BN NGHESR

M 2 R RLE H, SEOGEAC Y 980 nm (29 1 mm)i, BOGEIKE A —E BRI, RUKI
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PUE R AN PURRER) 12 5 15, W& 3 il LI, VIR A-5'CI, UKJZ W ARBIIN 13758 4
R DUA B — Mg IR AR BRI T N3 BOR, KR e EAL T BERIIE R 5, B UK
SREMEAWT IR, I HR I REE KSR AR TR o B TS0 E KT A 1 RS EEBCR, - Rk
(AR B AT AU R VKB LAt b A RO (K31 48 U AT REAE UK BRTAERE, AT IR DR AR VK EERE -

HRIERT ST 38T, I ANE B (B 0.75~3 mm) KIS & T BRUK. ARSOREE 1 3 Fr WK
29 1 mm 12 FARBOCE BOL T E R SRR . AR SRR T, =FEoEEX 40 mm &
B UKHE S R SERRCR I 1R .

Table 1. Comparison of the ice melting test results using different wavelength laser
e 1. PREIRACHSE AR KT L SE16 842

Bkmm  BOGEN R BotThEIW JEREEAR/MmM A A /min IR
808 70%L - 10 4 >25 FIHBLEAR 2 mm 3 1 mm (#7850
980 30%~40% 10 4 8 BUKMEZE, LR T7Tmm A
1075 %) 23% 10 4 7 BOKHE S, fLA%E 6~7 mm

LA R B IR UK R AT LUACEL, SO 5B R BT AR ET . 808 nm UL BAR T & F i
i (HRKRCR 22, XUV ORISR BEEH N EORS, KZ BEEAROCT 1B IKEENH1%. 980 nm
51075 nm BOLFERIEE S, RIMTRLUKSCR E LS .

2.2. FIE KT RREIBR AR

AR RN T AR B BEOE, HRBERBAMR . —fihy, KM R MRRAY) . K
FAEAEE R AR T 10.6 um (1) CO WOLMUEAT, 11 B @ AR T 1 um 224 B e BotIUsr
[17], ASCEEWTT 7 ERRE B A FIEAHOC R BE o 1 TROC IR« B S RO LA, i
B AT LAE— R L BN, B E SR T H W =R EOEE: CO MuLHs . ROt
JELT O G AR X A (A J5 5 8 W R 5 AN [R] B s R R R ARG S R, BRIk 2 AN 3 P

Table 2. Transmittance of different wavelength laser on transparent plastic films with different thicknesses

2. PRI KHYMA RS TR B RIE R R A0E S R

OGIE S 2 (B )
WG
2 pm 10 pm 18 um
CO, #'%(10.6 um) 0.755 0.732 0.706
H4F 0% (1064 nm) 0.866 0.868 0.844
- FRHO6(980 nm) 0.861 0.845 0.818

Table 3. Transmittance of different wavelength laser on different colored plastic films (10 pm thick)
= 3. NEPR KRS TR & 2B R AT A0iE 51 2= (JE A 10 um)

BOCEN F(HRZIt)
WG
gy BEREN b FAREER e
CO, #%:(10.6 pum) 0.925 0.860 0.801 0.754
HAFHO'E(1064 nm) 0.787 0.736 0.490 0.432
- FAARHOE(980 nm) 0.715 0.673 0.473 0.362
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T BH RS, CO, WOLHIEN R, FN KT, WRERBE, @R, X
e, BERERINERASWET, BERDHW CO WO F LRI GARTT . X TEIEEE, B4
FERE NG SRR oL IR H CO, WO I A B R S FLAE

XA O, Sl R R R N R iR, ROEBEN R R, Sk LR B BRIR
W RIE S AR AR, X SR E R MARTT; X T — A, CO, WOLRIEN R ikm, 980 nm
o FABOCIE N R ERAL, TIX S50 WS I I as 3E . M lsednrh, X Co ke, Zill
ST 45 W Z A B B 1A CIRRE R INIE 5, TOLLFBOLES 5 4 SR BOLER B E D) 3112 15 W /2
AWASHEMARL, KATRER A KEFOCRER Y SN B R R 7. BTG A G R
T 10.6 um CO, WO IR iy T HARBAS RO, MBS R IFAGETE R RNAP BRI, CO, WOLAE
Ak HEA (0 R 5 T ROR IR B v B AR

3. WAThER., BUIhREE R H G RER)E

Bot SR EAE A SHOCEKA R, thEROEREEH VNS, BOCRMFRSYIN, 28
B EMIIFRE L, J7RESEIUA AR, RN, EBCTEBREEACIITh AR, b i RE A [FIPR T 26 T B
AR AR B 1) L5 L A P45 405 D 3 R )

3.1 YIRIERERN AR TERERE

WEE . RO L e A B, XX BRI EI RN 5 s ik R A
— B, VIBIRHEAAE R, X )OUE B RS S R i . CO, WOL R K A& &
TOIEERLERE, A ST R T CO, WOt A ) H 1% B WURHELHR I BT 75 RO D) R %

O 28 1Y OSBRI RN R 90/10 T 19 E[18] [19]. 73 91T LA s o6 o 78 He Ak i L i A &
SIATRE SO FOG AR/ . AR 2 9250 % BT K CO, WOt # it G E AR A 5.69 mm. D&%
FERT T a5

P(l-n) 4P(1-n
p-Plon)_4P0-1)
K, o NI, PNHIIEOLTI%E, D WEHER, nNERH%E. MEOCIIE N 45W K, 10 mm £
(2 (O SR IE AR 5, BUIRH R e DR 36 A 0.0133 Wimm?, BRI, 75 BEARIEAE — & V3%
FE R RENS IR SO D) T SR . ARIESEPRE AR, B2 T 2 omi/s SRBCNSERRIIYIEEE . @il KE
LRI, BN — B FE, U)E] 2 mm (1537 B SRR RS BT 5 8 NI SO T 5 FE 2y 0.565 W/mm?.
AR T DM E ORI ZR T S % .

3.2. BAKSEH

SRR A, W06 T I — g B S RSN B AR T 2 7 AR I [20]. BTl T CO, WOLA AL
DIRIRL S ) TR B, 4k 8L CO, Wt i, B FUIOEAE KA AL i 2 A 1 32080l /i, A
LOWERAN %% T+ CO, WOBAEA R R AN WA g 5 0L b 47 105 Bk 5. KX 10.6 pm BOGHEUN %
I8 B BRSO SR RS IR B I O, AR HE 1 A S 7 AR PR
SRE T, BT FTMEE B N 5 km. ATHLEEES 0.2 km HE & LM . BEKE 5 mm =M R %440,
MHUREEM . 558 DR =RIARS, X CO WOLH 20 m i@t F i 17 5, B4 B A5 R
AR

@
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Table 4. 10.6 um laser atmospheric transmission simulation in Beijing

52 4. b3 10.6 pm B A SERHE

i HIREE — HP R % L H P %
HEIRA 0.964 0.985
FEHERA 0.640 0.635
INE Gt 0.747 0.750

M 4 PaTBLEH, — @RS EAMEENFRZRAK, UWHHEREN T-HOLH R Uit i
WA PR s B BR AN 0L K, %58 5 R FROCERER. 5 H SWRT, 2B S
SO 3R AR . TR SEAR N IR IS Bt AT 4= B PR, T P 1) LT 2 S 25 (R R 11
WRIE ETH21]. PRUESEE: 7R CO, WOt mIfERmizng, 45 Ralsl 4 Pox, RBREADRE MR,
JETEIRAE L AN K H SRR AW, X e WIS AE T IR R 0 B R

(=] —
(=]
wn = W

o {
S » O o
2

[>]

P REESNAN 4|

50 60 70 80 920
AEST R RE KM%

Figure 4. Effect of humidity on CO, laser atmospheric transmission

Bl 4. JREX CO, Mt RS LM

PLIZ S S A1 0.635 HEATTHEL, RRAE 20 m ALTE R BT B2 N 10 mm, NEEAME, BoREMK
W T R % FEIA F] 0.6 Wimm?, TR 1545 75 Ad ] CO, BOGS I E] 20 mmAbit) 2 mm J535 B SR,
H AR RAZAME T 74.21 W,

3.3. LT ARENE

G RBOC T F % FEE SR T LASE s BRI AR, (Hy 7Ry AR, SR SR D R PR AE I —
BIMELLT o ESEPRIIBRERAEL T, TR G TRME KRR WKIN SRz —, IFHAGTHETL
SEH A A A B R BIBOCAR IR A 5, R A 6 BER A G Ot 1 0 B REAT N . T 4
TURBPIELS . WELSG T EE4ETHEARARMY, CHNBRRZ R 7 B4E% T 1R
{E[22] [23]c ASCH =KW WHEG T POEAG T WELSG T HTV BRI E S T T8, BT
TEATREARZ iR KO R E R -

PAIThEEE S 1.4 Wimm? (OGS [ B B 24025 1, BEARAIR, R IBe Rz, XA
BOCAEBIRA G T P KB RS, BRI RER D

BOLIUN M R T, JEOCTRBIER —BE, /ARG Kbk, 2 2B pififis].
N E BEAR AT IR, AN R R B R 4 1 AT T RZ SRS, SR INEE 5 PR

M5 RATLLE AR Ty 1 min B, BRELA5 T2 A REL 1.0 Wimm?, (@48 724
BIEZ) 0.7 Wimm?. ZESZBRER(E T, RO AR i E i b e — m, X — 2 RIS REE— Pt m .

HEAZ 700 RIS T B4 % T, ORI 5 A B AR IS, 108 5 482 7
SMAM, NFEDRELT, EREAS TSR R UL 6 .
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Table 5. Experimental data on laser power density thresholds of ceramic insulators
5. MERGFHANEZEHEXK IR

WG THE WHIhEW) D23 FE (W/mm?) 1 TR WoRlEA IS
e 55 1.1 1 min R R, TR
e 50 1.0 1 min To U I %
e 75 1.4 10s HPLEIE, ke
e 65 1.3 10s T IS
Fifh 35 0.7 1 min T RIHR
SN 50 1.0 155 T BIR

Table 6. Experimental data on laser power density thresholds of silicone rubber insulators

6. HEBRRAG T RN REEHERE IR

WHThEW) T2 [ (W/mm?) T IR 18] Bl E %
9 0.18 1 min RUTER /N BEE, FeAR Al
8 0.16 1 min ToH I %
16 0.32 10 AR BT, JITF ke
15 0.30 10 T SIS

M6 FR[EH, BOGRRSEIE ST 1 min N, FERUR LS TR RMEZ) A 0.18 Wimm?; 24 HE it [a]
N 10 s I, #a% T HA5 T B 1 & 0.32 W/mm?,

4. EESBKAHCPRERUIRRIFTLL 534

K EOETT Aoy PR, — RO R JE R AR — MR I (8] RS A A RE Bt s 53— i EERg — g i 1)
Bt — RO, FREM SRR WA AR R, R RO S . AR T SO AR,
RTINS, Bk B0 SRR I D 2 (5 5 & [24] . B ARBOGARIRTT, BORHIK 08 T B L B2 ikt
BOLHRIN (U be (e T REAR 2, O B e sk BT (9 4 S L A ik b R £ A0 23 [25]

BELLFO ARG VAR, SRR R EES: BT BKehBOG RS A RS, kb a] b 93TA]
MR ER BN E SRR, RYREEL AR THE. BOCASMER, 2R R s AR
e P BRIAEL, RIS RERE A2 AN AT AR OR I 25 B 5 R ORL I 75 IO RETRU A I, RPBEA RE L BR[26] . H1 T ikof
WOLHIWE DR sy, RS IE SR AR, RTINS SEROC A RIRI DI RIS, kot
WO RTRERENE A VI . CAT 2235 3T 1A SR Bk O N sl e v A FIROR K FE IR 4E . A
[P D3R, B ORI S o8 S S 8 [27] . EAESERRAE T v, ka0 5 SR
o, FUTEMRANERBERCR B4, IEHCHR T AR AR BRAS ) B S B AR A B, T AR 5L
i DAL A ) 07 L S B

FATCL K AL 1 CO, OB AT TG BRI SLIIE, TRk R BOL 230040 100
Hz, 2D ARRMEOLR , A0S TARMZ AR WK SR AT 1 bethscds, scinsh Ranlsl 5
B

K 5(a) &l 5(b)h L5 BRI Ak BOETE R, T ROVESEEOLIER . BRIy EJ7 PR
Ko FEMGFFEAT, BReh DR R DR 8, w] DU PRIE B KRR IR . AEAH RSP D3R,
JEHE A BT IO B DA R, s Y bk e R 0 e 2% 7T RE AT LASRAS BE 4 IRITR BR A D RCR
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Figure 5. Comparison of ablation results using continuous and pulsed laser
5. BRGNP 2R AR R D SR IR A RRTEE

5. FRIFEBEA R FHI SR

BT BRI TT, BATHRYE T RASFIB 1 7T B T AN F 750 T I ERBEAEAL, T 120 el al EE A 4

CO WL BA R Mz, HERAMEBAL. [F, 10.6 pm xR 4 8 72 1 11 R AR
BHAMPARMIBOCE R COp WOLERBEA AT LU T AL B EE . BEREESE K 2 HOENUARL, AT DA 5
PREGE UK, (AHOEAURERZE, WH T 50~100 K, Bl & RSy iiE xR .

5 CO BOLMLL, FFUBOCEABUN Bk, HiEa oMk, AR R e 50w
JREHE , BRAHEL CO WO &AM TErik. Bk, TATCHIK 7 —FSAEOL IR & IF 4T
TIZBRIUKSESS, RINERR T IE TAZ T L. S EREK. EHAT B TRKEAR G
REREUN, BOLKRIKEARVYIRA R biitt 55 % -

BRI, ROt R R — . R R AR SRR T CO, WOk, (HSEPR
I SR T AT AE— B R EAME TR — Rl MDGEFHOGSAE R . HOBHALRE . 4R 155
JiHHML T CO 0tas, ITEEAROCLFROGER M BA IR TR 1o FATHIA 7 — M EADCEHEBOL S 1R bR
RH, PR TAR LR S LAY, RN OO R B, W T 50~300 °K,
B B EIIE R, XA E H AT AR B AN . BRI AN, BA TR 7 — A X
JEBRBEAC, BENLE BN 6 kg, AT LA T30 T Bk BE o X = 1y XS5 S Sl AN b X S bR b B

6. 4518

BOGRIERNRCORZ B 2R R, FIanBosS8. B & M AP B 5 . A S E 2
ST VOB WORERE . WOLDIREE . BotH MR REROCSHON T BRE SR 5, BT T4
G DR R I, BIFFE TR R BB DR O KA S . KR A A S sk
WA B BT

1) WOLB KL N ORI R S 5B IR, IR AN BE O BOE S TRk, RS )R R
Ykt COp WG RIS BUR B 4F

2) WOLThEE B NAUE R — @ MRME, A LLA SUE RS 16 BT LR DRt , BRI
VIR GRS, 3062517 AR R SBERHBOE R AR 2 . SCRRR A COL WOt YIH] 2 pum i B Bk
JEHEAT 75, RINE A AR 2 omis ITIRIE R, BOLH DR GE 2 /DIAF] 7421 W,

3) FEHfE VRN O Th AR 2 i AR MR i[RI, A2 EE RS A7 B 30T 1 P g 8 4% (B 48 % 1) i 2 43 1R
B MERIEEFA L min B, AEELSG TSR 0.7 Wimm?, RERR I 444%-1-11°8 0.18 W/imm?,

DOI: 10.12677/jee.2021.92009 84 ZER I


https://doi.org/10.12677/jee.2021.92009

4) PR A RIS, AP kot B O 2 BR B b 47 m] e LG A R SR R O e s WOR AT

5) MR HBOLR A, HEToa VEl T AR G2 REREL S . H, CO, Butax ke
JE SR BR AR, EOCARTERERZE, WH HTHEkR 50~100 m MIFEAGY); A FAEBOLE S5 H0t
FAHEL 2 NGB MR RE SO R TR AR 4, T A T B RE B H 5 VKIS R

BOLBORBENE A RAH BRI HL Y AR 52K RAGY, Kok, B KIhRBOLSIERES BRI A Wi
DENRFRGNER, X HARAE TR B ) R R -

SE K
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