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Machining Technology of Micro Combustion Nozzle Using a Femtosecond Laser
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The shape of combustion nozzles varies from large diameter to small diameter ones. In the case
of small nozzle, nozzle exit can be easily winkled or damaged in machining process.
Femtosecond laser is a micro machining technology that is able to drill a small nozzle without
damaging the nozzle exit. In this experiment, a small nozzle of combustion was fabricated by
using a femtosecond laser. The fabricated nozzle of combustion provided a very small nozzle
diameter with clean nozzle exit without wrinkling or collateral damage.
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AE = photon energy of electromagnetic wave
At = duration time of photon energy
Av = frequency of electromagnetic wave
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Fig. 1 Femtosecond laser system for maching the micro
combustion nozzle

Table 1 Specification of femtosecond laser system

Stage Spec. x-y Stage z Stage
Stage Linear Motor stage | Step Motor stage
Travel 300300 mm® 200 mm

Resolution 20 nm/counter 0.5 pm/counter

Wavelength 785 nm
Pulse width 184 fs

Laser Spec.

Average power 1w
Repetition rate 1 kHz

£ 1 kHz o]t} x-y state & ©l% FHL 300X300
mm? 0] z 9] o|FAE 200 mm ot} HEXR
golx 713 Al2"e AAE AgE T 1o Y
238 el=

4. @3 % 1@
4.1 WY& 150 um 0jM HALE9| J18

HEZX HolAE o83 wA| dLxEE 7
F317) & 2E 1 9 stage $io Aa=FLS AA
Ak YA 150 pm 9] " A d2xx=EE 7HEE

7] 95t 2 2 o4 HE 97 270 ym 2 B
150 pm ¢l =Z8 BZE HolAE ol &3y A
(cutting)3t Rtk 270y 71F A|2®& o] &3t9 7}
Fatg o, 29 A= 2FAFE 80 mm o] I,
P2 A= 177 W otk 7HE $EE 500 pm/s

oli 7 HO2 15 um & WElHA 98 sEslgle
W, 29 24 718 =59 9¢HS Jehiglth

20000

HEZ AW B R
Fig. 2 Cross-Sectional diagram of micro combustion
nozzle which has a diameter 150 pm
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Fig. 3 Machined micro combustion nozzle using a
femtosecond laser (1.0 150 pm, D.O 270 pm)
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Fig. 4 Cross-sectional diagram to make a combustion
nozzle (1.0 45 pm)
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a) Photomicrographof micro combustion nozzle
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b) SEM picture of micro combustion nozzle (20kV, Sp=8,
WD=5.0)
Fig. 5 Inner diameter and outer diameter of micro
combustion nozzle
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Fig. 6 Combustion nozzle for combustion experiment

Fig. 7 Combustion experiment of micro combustion
nozzle which diameter is 150 pm
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