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Investigation of laser parameter effects on the surface
morphology of composite insulator core rods
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Abstract : During the laser surface treatment of composite insulator cores,inappropriate laser parameter combinations
can lead to excessive energy accumulation time, resulting in irreversible surface damage such as on the treated sur-
face. To achieve controllable surface morphology modification and avoid thermal damage risks,a three-dimensional fi-
nite element model is constructed using glass fiber/epoxy resin pultruded rods as the object. The influence law of
multi-parameter coupling of the laser on the surface temperature field is simulated and analyzed,and the temperature

safety threshold is determined. Furthermore, the coupling effects of parameters within the threshold range on surface
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morphology are systematically investigated through experiments combined with the Response Surface Methodology

(RSM). Results show that the simulated temperature fields are found to be similar to the measured results , validating

the reliability of the model. Within effective thresholds, power and scanning speed (p <0.0001) significantly affect R,

with contribution rates of 27.3 % and 51.0 % ,respectively. And their interaction shows significance (p =0.0018,

contribution rate 11. 8 % ). The speed quadratic term (p =0.0193) indicates R, changes nonlinearly with speed,

which gradually stabilized after the critical value of 65 mm/s. The effect of frequency shows insignificant effects (p >

0.05).

Keywords: composite insulator core rod; laser surface treatment; response surface methodology; surface

topography regulation

1 51 &

05 8 2 A Dy v T i R R B A D 2L,
DU HE 08 B 5 A R AR B E T R
Whsty e, Horp S N A5 Y 51 1 S B K
BT, ST M RE A D E A 2 T e PR R4 AL
RETACEERI R . PR A B T2 S 5t
SR S OB A 5 A2 16 1, 35 Y SR LB iR
ROV G5B E S fE TH I 6 4 5 1 IR A5 i
BIAZO LR o PR, I & AT 45 1 T4 finh =X i
Ab PRI 5 2 2% 1 R EOR SO R T R B 46 % 1
FIRAS 3 i 4 DG B

1B 48 3¢ AL 17 VR INALBT B b K Al 2 1k
Z| F R Ao 1 o TR REL R 2 A0 A B IR B, BVAAAE
AT AR BE LA He AT B A D T 2251 A
BUBRER AR ), W] BE- T BOE R 2T 4 W 2 AR 451495
et 00 & Al BE B ) 4R b R BUR )2, AT
T A S SR A S 2 T A A A MR ke
R, 5 5 FEERIEA R, o] fe B =) ook
(eI &b Nl N R - 0 A T B i =
WOt A B TR AL FREOR SR AR A | Rl BE S B
TRARE, B SRR SRt TR T %
I FLAE AR 23 K A2 & b4 R U8 A 3 ol e
BN Aot B 2 H AT 58 2 W, SO AL
PR ERMG , R T RRAL, I AT R
1) B et S B AN, NI 2808 1 M RHI e T 1 e
SpE FLIE " SRS % 5 Chengeheng Sun | Junying
Min .C. Leone H1 S. Genna'® ™" 25 A\l % PR, 0G40 1
ke 4etiaag &2 444 Bl ( Carbon Fiber Reinforced Poly-
mer, CFRP) I}, REAE 035 1T, A TTTHG 5 1 AR HRY
ke,

WA Z R E SR CFRP AR}, 1A% &2
B ST REREOE — BHOBHE EAE I HLEOR A7

LA 28 F AR B B 2 G 40 2% 0 OB 3R
THT AL B AR AR R 1 A 58 3 s 2 A E R IR
JE S A8 1) O B R e 2, 5 ORGPV 5
SERREADTA3 4 1 SR 0 X LA R Ak 5 6 T B IR 3 S G
LR I AR X DA 7 D) 2R AR A S Y
et AR S RGBT Bk
o) L, AR SE ST T = AW B R G AR AT
S BRI E 66 B 4313 19 52 i LR R 3 T A 2 4
(L, 308 3 1E S I B -5 g TR, BT 0 S
Bosg BAE R SR RS BE (R,) B2 LS. A&
BU L FHOCR IS HHR AL T T 2% 0SS
Pl SN R A Y G T R PR AR A &
R,
2 BtREAEEEVNIEGREHRR
2.1 ZABASHEFARTEMS

A 2 G OSBRI SO G 3 T Ak B R 2oL A
J R A R G ROGRE B A R R R T )R
DX SR o e i i, TV | A 3 TR 1 SR
ThEr . AR Z OO AR R IR R T, F
Mgl RIS . A= P ak 2L g i, 5 30
JEE— T I BIE RN FRIR - TR, Rt
R, AE B UR ™ A= 1 3 ZU A 1) BT A FH A8 6% in
AR B o BT Bk OGP B Rl AR e ELRE B
B AR A5 3 R BRI R TR Rl S T, R
FHT I T ARE EE AR

R M B ok 1T 25 BR A1 2 B I 5% 2R Y IR 4T
Y, o RN RIAME 5| B R g5 AR 10, HAL A
T T2 R SO ] e I Y o AR S 6 R
EBRAT R o 38 A el AR Dy R R U R VR AT
D FC A B 43k 2 08 o A B L, S 0 i AR 3 T
VAT U D BRI, SCR T T R S LR
S5 2T, T e o a0 DA v A A , M AR



204 O RS AN

%556 &

TEER IR .

7% I8 FIOL BN 55 AL #6718 2 10 1 L
i, L AE A 15 1% F 1L A 3R B8 - 07 BUE FE Y
KA, m W CIRAE - T b f4 RE B o3 A1 m] LUk S 5X
(1) ~(2):

I(x,y,2) = Cop (x,5,2)°

Co x
= mexp( -2 Rz-(l-z); ) (1)

R (z) =R, |1+ (ﬂ;?z)z (2)

K I(x,y,2) FoRARINLE (v, y,2) A HOGIR; C,
HHB T R(2) AR L b 2 SRk
s NP

TEWOCR AL A % 5 1 0 n i fE v,
IR — R R S T, Lo At R
PAZR Jy =

pe oT(x,v,z;t) _

(2T 0T 5T,

+ 22
ot o’ 8y2 0z
Q(x,y,25t) = Qposs (3)
_ kaT(x,y’z;t) = gl
ot

Kip WAL TR E I b G R e Ny HR
e WEGHG T BRI XHEOER AR R 0
(w2yez:t) AROCIRTE; Qross APTRHBR

% R EIROC AR AL PR 45 Y8 251 1 R B I
TR A PR ] ik A 5K

kT, Ty ek (T, -1 (4)
dn

K XA R S o, 4 Stefan-Boltzmann &
Bk, IMBERI T, WS H TR, 293 K,
2.2 HAERELRIE

TEHOC R Bt fe rp, 525 4 2 10 B R T [
RER DTN 5| K T RO, T BUR M be i 4 .
Bl 1(a)ly P=100 W,v =10 mm - s~',f=125 kHz
SR T R T I B 0 A LA R B4
SRAH T2 0 6 Tl 1) 2 S R 8 VR AR U
(B IR 2 B v T OGO BEAE T DX, I BE A 1] B
B8 R 32 ] AR, AF 5 o T 0 A R AE . OB RE
R TR ERZ, X HEEIER
R RO P AR A SO R 0 2 R UL i 4
AT HIR AR

N BAEA] BT SE M, SR LD AR AN S PR

H RE R AR AT R I B 1 R
TE R AT IRLEE I (9 S 965 7 EO6F EE A i e Ak
B FRLLAMIGR SR R RS H 2R, S 505 5 Y
il B2 5 o3 A R HA v B — B, U (L JEE M A IR
MR ZEMRT S5 % , UESE T A7 BRCHE L 75 1 9
ot — PR AR I A R

i 1H)=16.3 s M /K &

(NN P

W Z: 791.3

(b)ZL AN S 4 25
Bl 1 BE4%F ORS00 5258 505 50 H 4 it

Fig. 1 Experimental and simulation comparative analysis of the

surface temperature field of composite insulator core rod
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Fig. 2 Temperature distribution in the longitudinal Z direction under

different laser parameters
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Tab. 1 Material parameters of glass fiber reinforced

epoxy resin composite insulator core rod

Materialtype Glass fiber epoxy resin

Densities/ (g + cm ™) 2.1
Specific heat capacity/(J - kg™ - K™') 1330
Thermalconductivity/ (W + m~! - K~!) 0.35

0.35 £0.08
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Tab. 2 Laser surface treatment parameter setting

E‘J%%ﬁgﬁﬁi‘i_l‘%: , fﬁ:%%‘:{ﬁ%}%{ﬁﬁm%ﬁﬁg Factor Level
TR RAEE SR T EOCS B S FBUE R Power P/W 50 75 100
TA B AP , X g e (R FE I AR 25 SR LR Scanming speeds/(mm - s7) |10 40 70
TR JEE I A5 R N 3 TR Frequency f/kHz 50 125 100
%3 ERKBREGEITELERE
Tab. 3 Orthogonal experiment and simulation calculation results table
A .B C Frequency Simulation Actual Roughness
Std Run Scanning speed
Power P/W o f/kHz Temp/K Temp/K R,/ pm
v/(mm s )
11 1 75 10 200 807.3 805. 6 5.127
3 2 50 70 125 294. 1 288.3 0.382
13 3 75 40 125 423.9 412.7 1.873
14 4 75 40 125 412.3 401.5 1.915
10 5 75 70 50 321.8 315.4 0.553
2 6 100 10 125 1098. 2 1083.5 6.723
5 7 50 40 50 334.3 327.8 0.437
6 8 100 40 50 413.0 403. 1 2. 689
7 9 50 40 200 350. 6 340. 8 0.291
8 10 100 40 200 761.0 743.2 3.215
4 11 100 70 125 357.9 340.5 0.714
15 12 75 40 125 437.3 422.3 1.721
9 13 75 10 50 538.5 530. 8 3. 845
16 14 75 40 125 426.5 411.5 2.012
12 15 75 70 200 312.9 305.6 0. 468
17 16 75 40 125 436.5 419.5 0. 468
1 17 50 10 125 413.1 393.4 1.326
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Tab. 4 Regression model variance analysis of surface roughness

Source Sum of Squares df Mean Squares FP-value P-value Significance
Model 52.53 9 5.84 21.67 0. 0003 significant
A-P 14. 86 1 14. 86 55.18 0. 0001 /
B-v 27.77 1 27.77 103. 07 <0.0001 /
C-f 0.3109 1 0.3109 1.15 0.3183 /

AB 6.41 1 6.41 23.81 0.0018 /

AC 0. 1129 1 0.1129 0.4191 0.5380 /

BC 0.4672 1 0. 4672 1.73 0.2293 /

A? 0. 0243 1 0.0243 0. 0900 0.7728 /

B2 2.46 1 2.46 9.13 0.0193 /

c? 0. 0780 1 0.0780 0. 2895 0. 6072 /
Residual 1. 89 7 0. 2694 / / /
Lackoffit 0. 2462 3 0. 0821 0.2002 0. 8913 not significant

Pure Error 1.64 4 0. 4099 / / /
Cor total 54.42 16 / / / /

R 0.963 / / / / /

Ad- R 0.921 / / / / /
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Fig. 4 Surface roughness (m) response surface and contour analysis
xS EEABRBRAT ENBIEER

Tab. 5 Verification results of process optimization scheme

Objective Parameter Combination Predicted R,/pum Measured R,/ pm Relative Error/%
High roughness P=98 Wy=12mm s~ 8.151 £0. 321 7.918 +0.282 -2.8
Low roughness P=62Wwv=55mm:-s"! 2.831 £0.272 2.659 £0.232 -5.7
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Fig. 5 The influence of laser parameters on surface morphology
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Fig. 6 The influence of laser power on the micro-morphology

of the core rod surface
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Fig. 7 Effect of scanning speed on the micro-morphology

of the core rod surface
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