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High-precision Method of Machining Taper Holes of Diesel Engine Nozzle
with Femtosecond Laser
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Abstract: Femtosecond laser processing has litle-thermal effects, high precision, and is not particular
about materials. Aiming at the machining requirement for nozzle's spray holes, as a key part of the high
pressure common rail injection system for diesel engine, a femtosecond laser processing apparatus with
three-wedge scanning system was designed for technical research of taper holes’ machining. Then tests of
the taper holes’ physical dimensions and the flow rate of the fuel jet nozzles were carried out with three
coordinates measuring machine (measurement accuracy 1. 2 pm) and high-pressure liquid flow test bench
for the injector ( measurement accuracy = 0. 1%). The experimental results show that the designed
apparatus can machine nozzles, and the performance is able to meet the application requirement of Euro V
emission regulations. The technique has important significance for improving the level of automobile
industry and domestic emission standard of diesel engined car.
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Fig.1 Three-wedge femtosecond laser processing system

structure diagram
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(b) Figure of nozzle's manufacturing
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(c) Mechanism for locating and clamping of nozzles
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Fig. 2 Diagrams of nozzles’ clamp structure and

manufacturing
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Fig. 3 Profile of a processing nozzle
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Table 1 The aperture dataof experimental nozzles

Hole Num. In diameter/mm Out diameter/mm K factor
1 0.120 0.123 0.3
2 0.120 0.123 0.3
3 0.121 0.124 0.3
4 0.119 0.122 0.3
5 0.120 0.123 0.3
6 0.121 0.124 0.3
Zh K 7 ECH
K=(D,—D,)/10 (D

Dy FD, 435 WAL D E AR 1 AR, B
N pm. KRB E ORI 4.
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Table 2 The test results of nozzles’ flow

Numof  Flow/ 1% Numof Flow/ 9%
nozzles (L *» min ') scattered nozzles (L.« min™ ') scattered
difference difference
1 1.706 —2.23% 13 1.75 0.29%
2 1.708 —2.12% 14 1.752  0.40%
3 1.712  —1.89% 15 1.758  0.74%
4 1.712  —1.89% 16 1.761  0.92%
5 1.714  —1.78% 17 1.763  1.03%
6 1.714  —1.78% 18 1.764  1.09%
7 1.718 —1.55% 19 1.773  1.60%
8 1.727  —1.03% 20 1.778  1.89%
9 1.728  —0.97% 21 1.781  2.06%
10 1.741  —0.23% 22 1.781 2.06%
11 1.746  0.06% 23 1.797  2.98%
12 1.75 0.29%
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(c) Profile of a processing nozzle  (d) Enlarged view of Fig.5(c)

W5 3730 JF v e o A
Fig. 5 Nozzles after drilling holes
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