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ABSTRACT

Gasoline Direct Injection(GDI) engines use a high-pressure injection system to deliver fuel directly
into the combustion chamber. In contrast, Port Fuel Injection(PFI) engines inject fuel into the intake

port. This difference in injection pressure and system significantly affects engine noise characteristics.

This study investigates the primary causes of impulsive noise in GDI engines through in-vehicle

tests, injector modal analysis, and injection noise measurements. Comparative in-vehicle tests between
GDI and PFI engines showed a significant increase in noise within the 10kHz range for GDI

engines. This increase in noise was closely related to the longitudinal vibration mode of the GDI

injector. Furthermore,

injection noise measurements confirmed that impulsive noise, generated by

injector needle operations, contributes to the increase in noise in this frequency band. To determine
the exact noise components originating from the injector, a combination of the Prony method and
Empirical Mode Decomposition was applied, which identified the 10 kHz frequency component as the

primary impulsive signal.

mechanisms in GDI engines,

This study provides fundamental insights into the high-frequency noise

offering valuable data for future noise reduction technologies and

contributing to improved vehicle noise and vibration performance.
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(a) PFI engine during the compression stroke, with
the fuel injector positioned at the intake port
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(b) GDI engine during the power stroke, featuring
the high-pressure injector that directly injects fuel
into the combustion chamber
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(c) External view and internal cross-section
of the outlet part of a high-pressure injector
in a GDI engine

Fig. 1 Schematics of PFI and GDI fuel injection systems
and a high-pressure injector in GDI engines
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Table 1 Detailed specifications of the engines used
in noise experiments
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(a) Frequency response of measured results
for the PFI engine
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Fig. 3 Frequency responses and measured noises for PFI and GDI engines

748 | Trans. Korean Soc. Noise Vib. Eng., 34(6) : 745~757, 2024



Ryuna Kang et al.; Characterization and Quantification of High-pressure Injector Impact Noise in Gasoline ...

1 dBA ~2 dBA #}o]& ®HY o1} RPMo] Woldo| w}h
2} 5 o7 429 overall dB x}o]& U2 Eo 591t

e, 23 4ol £8 T4 4R Ao

1 UrEhHM_ﬂ% PFI ?ﬂﬁc&] H] 3l GDI _LA
of A7|7F oM F7leleS & 4 Stk 10kHz
F9 T As S vlusl] $13l, bandpass

filterE 483l Fig. 3(d)9ll YERNRIT}E Bandpass
filterd] cut-off T34 10 kHz A5 A&2] I 79
A °F 5dB~6dB #Adte A5 8 kHz~ 11 kHz
fgo g A ;qgohjr Bandpass filter 4§ &
Ao AYAH NFZ v Az}, pFl A7
GDI 1ol A o 3248 Wsat F7144 =
S HIth ©]& GDI AelA A4 Ao

St AEHETE 2s onEi, oleldt &4
&2 ald thej(10 kHz)ol A F714 02 waehs=
T3 AT Ade] dE 7FeAE AAFETh

—n

)
MR

=2
=

— rlo

o,

rir

2.2 olME Y 4 24 2 FH 23 el
ks
GDI 19l §44 £ Al ] o, 2

ok Q1A i my

m AR FZ ol 1B %
250 Bu EA og] A A vtk F

ﬂaﬂﬂ%ﬁzqﬁﬂ1 Asdhs 54o) 253t 4

HHog AAeg rEn ?

¥ 542 gusl 24, o

al 3

AAE Y A5 54 54 49

3 A=k o] FAelA 714 (Endeveo, type

2250 A10)E Fig. 4(a)°ll Yrebdl wtel ghe] QLAE o]

b ;2].—‘—]_1 AHE FH(PCB, type 086E80)E A1-8-5to]
4;ar$rm@ﬂﬁ4~r$?zt@~iﬂﬂ

[
[
il
>
~
Olt

™, rﬁ
i

(e}

=

S

o o
2
dlo
=2
=
rir
of

[} Ke O
=]

solaloin}. A% 7ﬂ A= 24

(a) Experimental setup for measuring the
bending and longitudinal vibration modes
of the GDI injector

~40
_44 ]
48
-52
-564
~604
_64
681
721
-764

100

Autospectrum (dB, ref. 1 N)

1000 10000

Frequency (Hz)

(b) Autospectrum of the impact hammer signal

)
%

Bending vib.
Longtudinal vib.

Frequency response function (m/s”/N)

10000

100 1000
Frequency (Hz)

(c) Comparison of frequency response functions for
the bending(red) and longitudinal(blue)
vibration modes of the GDI injector

Fig. 4 Vibration mode measurements of the GDI in-
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Fig.5 Experimental setup and equipment used to
measure noise generated by the high-pressure
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Fig. 9 Power spectral density(PSD) analysis of intrinsic mode functions(IMFs)
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Table 2 Frequency, amplitude, and damping factor values of components using the proposed method

Ist component 2nd component 3rd component
Freq. Amp. Damp. Freq. Amp. Damp. Freq. Amp. Damp.
[Hz] [Pa] [s '] [Hz] [Pa] [s '] [Hz] [Pa] [s ']
Ist IMF 10225.9 0.348 -1629.4 1131.9 1.112 -15129.7 129.2 0.212 -3500
2nd IMF 6968.9 0.071 -1832.5 5901.5 0.046 -1062.9 10179.4 0.095 -6068.5
3rd IMF 3332.8 0.072 -1152.4 3704.8 0.043 -453.2 4181.5 0.026 -235.4
4th IMF 2347.4 0.057 -593.3 2191.6 0.048 -571.5 1161.6 0.042 -1499.7
Xl 7 Frukr Aol AAl Az oy Alel A ApAet ik Aaf Aol A A2 1.6 gamma GDI
T HFE Ao R HoFE F83 98-S i) A7} 1.6 gamma PFI Aoz F X 4S
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