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Influence of tangential airflows on process of
laser ablating carbon-fiber composites

CHEN Min-sun, JIANG Hou-man

(College of Opto-electronic Science and Engineering ,
National University of Defense Technology, Changsha 410073, China)

Abstract. An experiment of 975 nm continuous wave laser irradiating carbon-fiber reinforced resin composites
was studied, while the front surface of a target was with and without tangential airflow loadings. The results
show that the dynamic responses are obviously different for two different cases. While the front surface of the
target is without tangential airflow loading, the ejected inner pyrolysis products ignite surface combustion
which is accompanied by dense smoke and flame after laser irradiation for 1. 28 s. While the front surface of
the target is with tangential airflow loading, there is not obvious combustion flame, but a burn-like bright
spot is in the laser-irradiated zone and a little particles spill into the air intermittently. Analysis indicates that
the out overflows of pyrolysis products will inhibit the diffusion of oxygen to the target surface, which has a
protective effect on the carbon fiber. The presence of tangential airflow not only undermine the protective
effect of pyrolysis products on the carbon fiber, but also promote the diffusion of oxygen to the surface.
Therefore, the loading of tangential airflow will result in the carbon fiber suffered from oxidative ablation at
the low temperature (850 C).
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Fig. 1 Sketch map of experimental setup for laser ir-

radiating carbon fiber composite
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Fig. 2 Pictures of laser irradiating carbon/epoxy

composites without tangential airflow

A YD S  FE R ) B 2 ﬂnﬁ'ﬁi’iﬁ%iﬁi
RN Sl cE AR i) A TR S P ap s
(Il 3¢a)) , Bl 1A 52 3 @2;&%%&(%@
3(b)) I [ ERA A 1R JORE 1] S5 CAn &l 3Ce))
WOLAT 1R UG OGS 2 aBUIR .

L 4 25 1Y 2 ik 21 24 1 s B il ik 2 & b R A
975 nm ¥ ZLPOLHE BT MRLIRIE A Fodr, () X
JO7 ) 2 TG AU S OG5 B 30 s, (b) X R A K
I 4 Hhaf LUE AR

i BT O R R 56 s,

(a) JT 1 4 B

(a)Irradiation began

(DFEM 1.2 s
(b)Irradiation for 1.2 s

(OFEI26.0 s ()15 1k i ]

(c)Irradiation for 26.0 s

(d)Irradiation stopped

OICHIR Y

(e) After irradiation

JG 0.48 s (DFF RS 1.0 s

(D) After irradiation
stop by 0.48 s

B3 A Y 1) S R A 2 S MR 4 B A

Fig. 3 Pictures of laser irradiating carbon/epoxy

stop by 1.0 s

composites with tangential airflow

UL OB B R AR 1A R R B B B
R 2T 2 S AR s A B BE T A A B el
G e RBEIERIEZ) 1.5 mm,

(D LA (30 )
(a) Without airflow(30 s)
& 4 B F AE 3G R NG 2 2 G OB B IR R A

Fig. 4 Damage morphologies of carbon-fiber rein-

(WO AHRWG6 )
(b) With airflow (56 s)

forced resin composites

ik 2T 24 18y 5 208050 2 e > Bt DA S AR R 1
SLCHR T 1) A AR . F TR W] BRAE =
Ik #1400 C ZE A JF fR A, B R CO R



wel

BRI » 2 < D) i) 28 O SO B T ik 21 4k 52 45 B Rk A 1 R R 485

CO, ™, B fig 3 44 ik e 114 421 R 1R 3R 24 450
C W 2R 4 1 LS iR TR 29 850 CH, I, 45
A B 1Y 3h 725 1 3 R A3 AT A R 2 B A T IR
A Y VST 1) 20 A R S A A R
0 ) A 1 B A B T R 2 O A S R R
2T 4k S A R AR b o DT Xk A 7R Bl D B 4T 4 LA
—E MRS VE D BRI A O X
JE 35 3 B () SAL TR BE M R T 3 300 C U A Bk
FIBR LT 4 A S Az R AR b il s 224 8 bF 36 T A7 76 V) 1)
23 SIS S AU N RO AN 2 1k IR AR 7 )
AR B T BB 27 A 1) DR 4P 1 S 38 23 4R 1 A AR 316
A 2 THT o T 50 A Bk Bl 2T A4 7 A AR 1
JiE R A AR, W18 A BN R B T s AU
AR 28 A T 0 Xt B 2T 4k 52 R IR

T T #L R 2 AT AE A A AE V) 1) 25 R
WL 975 nm T 2O Bk 47 43 B A IR 5 2 A
B RN A SE RS . BRI BT ST 1 2l

S & k-

(1] Fhkeh.mR & 8B4 F. ok g e e [ M. b
A [ B Tl Rk . 2002,
SUN CH W, LU Q SH, FAN ZH X, etal.. Laser
Irradiation E f fect[ M]. Beijing: National Defense
Industry Press. 2002. (in Chinese)

(2] wEk, LW, 9%4#%,5. WEHEZE Yb: YAG
RgoedR(l]. % H% T4, 2008, 16(3):386-
391.
TIAN Y B, TAN H M. TIAN ZH H. et al.. La-
ser diode array pumped Yb: YAG thin disc laser
with four-pass optical coupling system [ J]. Opt.
Precision Eng., 2008, 16 (3):386-391. (in Chi-
nese)

[3] FM&th,. 5k 2. RER.F. A HBFENRELER
GARHE = BB A R A R H L) e F
H % TA2,2009,17(2) :368-374.
SUN D W, ZHANG G Y., ZHANG Q X, et al..
Application of graphite fiber reinforced aluminum
matrix composite to body tube structure in space re-
mote sensor [ J]. Opt. Precision Eng., 2009, 17
(2):368-374. (in Chinese)

(4] BEA. T4 A AWM BRI AN KIEH

AR A W RN R B A SR I ORI
0y e A IR 1) £ 300 R i RO A D0 1 O
TERIIXE i, 335 A8 U I 7E OB AR F X BLBE
WO 1,28 s Ja . 1 St SR ) iR W)
TEZSTARBE - B[R] I P AT A s SO 4 1k
RIS MR AR SR R IR E . A DD T R I B
A WL BT R T A B R o8 B 4% T 2 A Ok
VR FH DX HE B 08 4R 5 B O[] A /0 1 0L 1) 41
WS 5 0 BT A A 1] SN G BRI R A 7 g 2
) A1) A 2 T, AT X e 2T 4k HL AT PR A
PERT o DI 1a] S0 A A 5 2 T R 4R 7 9 ) g
LR YE R ORI AT 5 3 2 e i SRR BI R e 21 4 2 1
T 5 B 21 4k R BRIl (29 850 C) K AR A
et .

BEAh BT 4 Ca) L (b)) (1 6 BRE [) R — £
i) AN BE T8 73 1l BH B0 1) 2 0 om0 A ok
XEBREFAE S A R OR . R, R — B Be i T
PEJE SE 5 b b — 2 W 5 V) 1) 2 R BOL
DB 21 4 52 5 4 RE K 52 W L 5 DA BE 38 R EC{E R AU
7 T X W BIL B EA T 2347

TR LT, 45 24 5 &4 4+, 2005, 53(3):53-55.
GAO J L, YU J SH. Application of composite mo-
tor case in space carrier rocket[ J|. Fiber Com pos-
ites, 2005,53(3):53-55. (in Chinese)

[5] RODDEN W S O, KUDESIA S S, HAND D P, et
al.. A comprehensive study of the long pulse Nd:
YAG laser drilling of multi-layer carbon fiber com-
posites [J]. Opt Commun , 2002,210:3-6.

[6] FFmi, ZEE, AHW,F. BWHESEN KT ER

A MR SR i A Y s [T, B A AR A R 2006,
23(5) . 84-88.
GUO Y L, LIANG G ZH, QIU ZH M, et al..
Effect of laser parameters on mass ablative rate of
carbon fiber reinforced composites [J]. Acta Mate-
rial Composite Sinica , 2006,23(5) :84-88. (in Chi-
nese)

(7] Zar A oh A 1. . MRS 5 bR AE I 2%
BOCEM T e gill]. @k 5 4 F &, 2008, 20
(1):6-10.

WAN H, HUK W, MU J Y, etal.. Damage anal-
ysis of fiber reinforced resin matrix composites irra-
diated by CW laser [J]. High Power Laser and
Particle Beams, 2008,20(1):6-10. (in Chinese)
(8] M, 74, 5, 5. EIMBOLMEM T WL 4t /3%



186 e KR 5§19 %
AR GBI LA LT ] B 5 T R, 1996.,8(3):373-377. (in Chinese)
2008,20(4) :547-551. CI1] sk, 5 RSB, SRR I 37 X O n #4423l H A 52 i
CHEN B, WAN H, MU J Y, et al.. Ablation MBI LT . sk 5 4 F R, 2007,19(11)
mechanism of carbon fiber/epoxy composite irradia- 1817-1821.
ted by repetition frequency laser [J]. High Power ZHANG J, HUANG CH G. Numerical simulation
Laser and Particle Beams. 2008,20(4);:547-551. of airflow effect on moving body under laser irradi-
(in Chinese) ation[J]. High Power Laser and Particle Beams ,
(9] kb, #k, L&A 5. Nd: YAG #EZHOL 2007,19(11):1817-1821. (in Chinese)
Pl A g L R I LT FE# [12] BOLEY C, FOCHS S, RUBENCHIK A. Lethali-
2008,35(12) :2042-2046. ty effects of a high-power solid-state laser[ R]. Di-
HUANG Y G, LIU SH B, LONG L CH. et al.. rect Energy Symposium, 2007, UCRL-CONF-
Observation on the process of continuous wave Nd: 229010.
YAG laser ablation on carbon fiber composite mate- [13] SEMAK V V, MILLER T F. Modeling of laser
rial [J]. Chinese Journal of Laser, 2008,35(12): charring and material removal in fiberglass materi-
2042-2046. (in Chinese) als [J]. Journal of Directed Energy ., 2006(2) .5-
[10]  EM4F, 08, 24 F 4. YIS0 X064 21
PR S]], %% % 5 45 F & ,1996,8(3) . 373- [14] &4 4. MAsks & RIMI LAt 0f 4 Tl iR
3717. 41,1990 227-258.
WANG W P, LIU CH L, WANG CH Y, et al.. HUANG X H. Theory about Iron and Steel Met-
Tangential airflow influence on laser heating mate- allurgy [ M]. Beijing: Metallurgical Industry
rials[J]. High Power Laser and Particle Beams , Press, 1990:227-258. (in Chinese)
EEE

FREIAN(1981—) B JIPH S N+
WFoE A 5 2004 45 F 4 v I S K 2% 3K 15
22, 2006 4F T [ B RF A= HR R
EIRARA 207 . BB NHEOE S YR
M EAEF J7 i f UF 58 . E-mail: chen-

minsun@163. com

TEMA970—), B LMW T A1
+ )5, B 4%, 1993 45,1996 4., 1999
AT [ B R K2 4 0 3RS 2 L B
R 227, 2N EOE 5 Y AR B
FE IR 2 R 42 2% B J7 1 1 B 52
E-mail: jhm3395@ sina. com



