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ABSTRACT

This study analyzes the characteristics of combustion and fuel injection components through the signals generated during

engine operation. This information is used to reliably diagnose the engine conditions of emergency diesel generators at nuclear

power plants. The characteristics of the combustion signal were analyzed using a medium-speed four-stroke diesel engine under

different loads. The same fuel injection pump as that used during the engine operating conditions was installed in a fuel injection

pump simulator. Further, the signal characteristics were analyzed according to the operation load and measurement points.

This study confirmed that the injection signal of the fuel injection pump was divided into two signals (i.e., fuel injection

start and end phase) according to an increase in the operation load. In a medium-speed diesel generator, it is possible to detect

a reliable fuel injection end signal downstream of the fuel injection pump delivery valve. The phase difference at the beginning

of combustion according to the operating load is ineffective for diagnosing the combustion conditions. The phase difference

boundary of the injection signals is the delivery valve at the upper end of the fuel injection pump. The fuel injection phase

estimated using the combustion pressure coincides with the phase of the diagnostic signal acquired downstream of the delivery

valve.
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Fig. 1 Fuel injection pump
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Fig. 2 Sources and shapes of engine vibration and noise
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Table 1 Specifications of experimental engine and load condition

HE HIYCRLTI| H22AHE

T ney7ie 2727110 C olje] AHgo| maet
Aol A FSakict, ] AHIA W SARTRE “Table

=z Zs 2N
AR} ARFARHEZ AlgdolgolA AT ARdAtH
2 AAE E 17)7h A E0] Qe HYF P Single

Left Hand Lower @& A (Helix) FE|Q] ZHAE AREA}
Azgol Lgstel AR AolAlswe] 2l AREA $7
Aol 7HHA o R WIlE= 8244 AREAMEEY] 3t 3§
gjolry AA 24 &< X FUL A=A THE A

Description Specification
Model MAN B&W V32/40 @_3}71 %EH 0‘1_]71(_]‘7_’1- %‘OE]:_]— Odg_ 7&!"/\]:—1——"— 9’]’ Oilﬂ /\]"H—L
(4-Stroke, Generator Set) 4 AFHAPMMEE o|83}o] “Fig 4°9} & HWEE 1LE7
Gen. Power 5,500 kW = AlEYolEE ARBIAY, A4 HAE FHAg)s)
Bore x Stroke x Speed 320 mm x 400 mm x 720 rpm 7] S8l dERAFEER FEEE A 5 dEE
i3 s _n_:LL orgl e Al Oz Z AT} 2lz]3
Cylinder Arrange Vee-form 14 cylinder AFEER S gEls A 2 2da QAR o
ol olg] 4 SHEAHEI Aol AH Fo
A 25~ 6500 W Aot ABAOlE W AZRAEE Aol A AY
Lo ¢ (=40mm fuel index) Table 2, 3"%} 2},
oa
Low Load 230 ~ 3000 KW _
(=20mm fuel index) 3.2 AlsidhH
A Injection Valve AXeA % WAEE TN 4o} AREAL ATE
- Fuel Injection Pump ‘ AL 7 ATIE AT HES B g8 Aow
b % AR AR 21 % 7 Rl S5 Asdeg viges
- AN HEG A= ARPAERY U, 2
Cam Shatt _ s s
s o} Alse} AEolEd SHek ARBAEL W WHo|
AE, 259 AZE Hlal 245k= Zlolth, Al &4 5
53t dlolEel AlEdolH e 91 A7) S8l d=
HAFEE U] ARRARRY 288 471(Shim) &) FAS
A %](11.05 mm)A|7]L A=) =M (knob) ZHE] AAPE7F
A A EolE olgste] i A A=TIAES
Fig. 4 The fuel injection pump installed on the pump simulator ARA|A 24 QALY ex= A4S} sttt Tk =4 )
- - olE 9] AFE=E #o]7] P8l Aot Aoe A7t
Table 2 Specifications of fuel injection pump o
Q= B0MlE Fote] MBS Bt stgon] 1%, Eeut
Description Specification ATL 9Alo|E Eoto] A& S P} skt Al oA =
Pump Type Jerk(individual) Pump AR AlEdolEld ol H5el AHEHE Aldu|er &
Plunger Type Single Left Hand Lower Table 4 Experimental measuring specification
Plunger Diameter &
2 . .
Nozzle Opening Pressure 32mm x 380 bar Deseription - Specification 4
Nozzle & Closed nozzle, Vibration Accel. Ultrasonic
Delivery Valve Type Mechanical Control IMI Windrock
Model
Injection Control Spill Port EX603C01 A6050-04
Sensitivity [mV/g] 10 Adjustable gain
I s . . VHI: 4 ~ 15
Table 3 Specifications of fuel injection pump simulator Measuring Range [kHz] VED: 6 ~ 25 35 ~ 44
Description Specification No. of averaged cycles 9 9
Operating Power Motor Driven Combustion Pressure
Coupling Ratio Direct, Rigid Coupling Pressure Transducer Piezoelectric with air-cool
Operating Speed 160 Model IMES HTT-04 CA-50
erating Spee m
g b P - Recording Range [psi] 0 ~ 5,000
Test Fhuid IS0 DMX @ 30C Frequency Range [kHz] Max. 2.0
Operating Pressure 54 ~ 5.8 barg No. of averaged recording cycles 30
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Fig. 5 Data acquisition point of the simulator
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Table 5 Peak firing pressure and fuel index for rating and low load

Load Peak Press. Peak Press. Angle Fuel index
[barg] [degree, CA*] [mm]

Low 1114 10.5 21

Rating 167.9 124 39

* CA : Crankshaft angle

20000

ATDC 12.4°
167.9barg
ATDC 10.5"
111.4barg

16000

14000

12000

ey

10000

6000

4000

2000

265 376 5G o S EY 50 375 o
Crank-angle (*)

Fig. 6 Pressure vs, phase for rating and low load

Table 6 Comparison of pressure rise rate for rating and low load

Crank Angle[degree]
1Y) 2(2) 33) 44)

Low -15.7 -5.7 0.1 10.9

Rating -16.1 -6.1 -0.1 12.3
# 0° = Top Dead Center

1st deriv.

Crank-angle (%)

Fig. 7 1st Pressure Derivative curve for rating and low load
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Fig. 8 Vibration and ultrasonic signals on cylinder head
and fuel injection pump for rating and low load
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Fig. 9 Fuel injection signals of injection simulator by fuel index
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Fig. 10 Fuel injection signals of injection simulator by
measurement position
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the simulator
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